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PREFACE  TO  THE  nFTH  EDITION. 


When  Dr  Parkes  died,  no  notes  or  instructions  were  found  among 
liis  papers  to  indicate  any  special  changes  he  intended  making  in 
the  form  or  arrangement  of  this  work.  It  may  therefore  be 
concluded  that  no  material  alteration  was  contemplated.  The 
arrangement  of  the  last  edition  has  therefore  been  adhered  to  as 
closely  as  possible,  although  it  has  been  necessary  to  re-write  some 
portions — ^such  as  the  chapter  on  Water  Analysis — which  required 
alteration,  either  on  account  of  the  introduction  of  improved 
methods  of  working,  or  because  they  were  found  practically  incon- 
venient. Some  new  matter  has  been  introduced  from  the  comprehen- 
sive Eeports  on  Hygiene  published  by  Dr  Parkes  in  the  Army 
Medical  Reports,  and  where  new  notes  have  been  added  they  are 
generally  distinguished  by  initials.  Tables  of  useful  numbers  and 
of  standard  solutions  are  given  in  the  Appendix  for  convenience 
of  reference,  and  the  Index  has  been  considerably  expanded. 
Although  these  alterations  entail  some  little  addition  to  its  bulk, 
it  is  hoped  that  they  will  at  the  same  time  increase  the  usefulness 
of  the  Manual 

THE  EDITOR. 
January  1878. 


PREFACE  TO  THE  TOUJE  EDITION. 


b  ccmplknce  with  requesli^  nude  lo  ine  thai  I  should  put  this 
©feaon  in  a  fann  adapted  for  CiTil  Medioal  Officers  of  Health,  1 
Live  noi  onlv  r?- written  many  chapiei^  as  well  as  carefully  revised 
aD,  but  I  have  tiansfemJ  the  pui^ly  nulitaiy  part  to  the  Second 
Book.    In  this  way,  without  taking  away  the  special  character  of 
the  woik,  I  have  endeavouivii  to  nieet  the  desires  expressed  to  me. 
Although  much  new  maner  has  been  added,  and  some  parts  of 
the  book  has  been  givatly  enlai>;!ed,  I  have  exceeded  the  size  of  the 
last  edition  only  by  thirty-two  pages,  and  though  I  have  been  obliged 
to  sacrifice  something  to  keep  the  siw  so  nearly  the  same,  I  hope 
nothing  material  has  been  omitted. 

I  have  thought  it  undesii^Me  to  occupy  space  by  giving  an 
abstract  of  the  Sanitaiy  Laws,  as  this  is  bener  done  in  special 
Realises,  and  as  eonsideralJe  changes  may  be  made  within  a  short 
period.  The  useful  *"  Digest  of  Vrlxan  Sanitary  Laws,"  lately 
published  by  the  Local  Government  Boani  al»  renders  any  legal 
details  less  necessary. 

It  is  becoming  every  year  moie  difficult,  on  account  of  space,  to 
gi»-e  the  evidence  on  various  questions  connected  with  the  causes 
and  prevention  of  disease ;  I  have  theiefoie  ventured  to  refer  in 
many  cases  for  fuUer  details  of  evidence  to  my  Annual  Reports  on 
Hygiene,  which  have  been  publisheii  iu  the  Army  Medical  Depart- 
ment Beports  for  the  last  twelve  years. 

Jm  1878. 


PREFACE  TO  THE  FIRST  EDITION. 


Royal  Commission  appointed  in  1857  to  inquire  into  the 
sanitiir)^  condition  of  the  army  in  England,  prepared  a  new  edition 
of  the  **  Queen's  Hospital  Kegulations/*  which  was  published  hy 
authority  in  1859,* 

Tlie  new  Eegulations  entirely  altered  the  position  of  the  Ai^niy 
Medical  Officer.  Previously  the  Army  Surgeon  had  been  entrusted 
ofBcially  merely  with  the  care  of  the  sick,  though  he  had  naturally 
been  frequently  consulted  on  the  preservation  of  health  and  the 
prevention  of  disease*  But  the  Eegulations  of  1859  gave  him  an 
official  pasition  in  this  direction,  as  he  is  ordered  "  to  advise  com- 
manding officers  in  all  matters  affecting  the  health  of  troops, 
whether  as  regards  gan-isons,  stations,  camps,  and  barracks,  or  diet, 
clothing,  drill,  duties,  or  exerciser  "  (p,  7). 

The  Commission  also  recommended  that,  to  enable  the  Army 
Surgeon  to  do  this  efficiently,  an  Army  Medical  School  should  lie 
established,  in  which  the  "  specialties  of  military  medicine,  sujgery, 
hygiene,  and  sanitary  science  "  might  l>e  taught  to  the  young  medi- 
cal officers  entering  the  army. 

This  work  is  an  attempt  to  carry  out  the  wishes  of  the  Commis- 
eioners  as  regards  sanitary  science,  by  providing  a  text-book  of 
Hygiene,  illustrated  by  examples  drawn  from  army  life,  for  the 
gentlemen  attending  the  Army  Medical  School. 

The  Oflicial  Medical  Eegiiktions  have  been  taken  as  the  basis  of 
the  work.  I  have  endeavoured  to  see  what  the  Eegulations  demand 
from  tlie  medical  officers  of  the  army,  and  what  are  the  duties  they 
chiefly  have  to  do,  and  then  to  explain  how-  the  Eegulations  are  to 
be  canied  out     In  writing  this  w-ork  I  have  had  to  deal  only  with 


i*  *VKfgnl«tion8  for  the  Duties  of  Inspectors-GeB^nil  and  Dtputy-Inspcctor^- 
Oetiernl,  nnd  for  the  Duties  of  Staff  ftud  Regimental  Medical  Oltic*fr»,  itc./'  1851>. 
Tbw  work  is  •!«>  termed,  for  shortncsi,  "  Medical  RegiilittioQs.** 


I 
I 

I 
I 


PHEFACH. 

one  sex,  a  certain  age,  and  a  pmticular  trade ;  Vmt  as  the  general 
pi"inciples  of  hygiene  are  tuleralil  j  fully  discussed,  I  have  thought 
it  entitled  to  he  called  a  work  on  general  hygiene. 

The  work  is  divided  into  two  hooks :  in  the  First  I  have  an-anged 
the  chief  snhjects  of  hygiene  in  what  is,  for  my  puipose,  the  most 

B'Oonvenient  order,  and  have  illustrated  them  hy  examples  drawn 
horn  army  life.     I  have  also  included  some  other  t<»])irs,  such  as 

1^     meteurolugy  and  statistics,  wliiuh  it  is  important  niedicrd  officer 

^should  learn.  In  these  several  chapters  I  have  thought  coust^mily 
on  what  w^ould  be  useful  to  iu-my  surgeons,  who  ai^e  often  far  from 
all  Ijouks.  or  possibility  of  reference.  So  that,  in  some  pj^i-ts,  T  have 
endeavoured  to  make  the  hook  one  of  reference,  though  I  have  been 
obliged  to  compress  it  to  the  greatest  degree.  In  the  Second  Book, 
the  ser\ice  of  the  soldier  is  more  particularly  descrilied. 

To  enable  medical  otiicers  to  perform  the  chemical  processes 
required  in  the  analyses  of  water  and  ah*,  and  in  the  examination  of 
food,  the  Director-General  lias  recommended,  and  Ixjrd  de  tirey 
has  been  pleased  to  sanction,  the  issue  of  a  small  box,  containing 

■sufficient  apparatus  and  reagents  for  these  pmcesses,  and  this  will 
be  issued  to  the  several  stfiti<nis  on  demand.  After  much  considera- 
tion, I  have  adopted  tlie  IVeneh  weights  and  measm-es,  as  being  moi'e 
convenient  for  volumetric  analyses,  of  which  consideraltle  use  is 
made.  In  chemistiy  the  battle  of  tlie  standards  is  over,  and  the 
simplicity  of  the  French  weights  is  such  that  even  those  who  are 
not  at  first  acquainted  with  them  will,  in  a  very  short  time,  find  no 
difficulty  in  using  them.  I  liave  made  the  chemical  directions  as 
simple  as  possilile,  and  liave  tliought  it  best  to  use  the  old  equiva- 
lents and  notation.* 

■■  I  have  t^  thank  my  friend,  I)x  Maddox,  for  very  kindly  drawing 
for  me  all  but  two  of  the  microscopic  objects ;  his  drawings  have 
been  very  carefully  engruAx^d  on  copper  or  wood  by  Mr  Bagg,     I 

Kmust  express  my  obligations  to  the  Council  of  the  Koyal  United 
Service  Institution  for  iiermitting  me  to  use  the  stone  with  the 
lithogiaplis  of  knapsacks,  employed  in  illustration  of  I  Jr  Maclciai  s 
paper,  published  in  the  10th  volume  of  the  Journal  of  the  Council.t 
I  have  t-o  thank  also  my  frienda,  Dr  Sntlierland  and  Dr  Fram;x>i8 
ile  Chaumont,  for  many  valuable  suggestitjus, 


'In  tlie  later  wlitions   the  new  notntion  was  adopt«t|, 
t  ThU  pliktu  luus  Iteeu  left  out  of  the  latter  editiotis. 
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INTRODUCTION. 


Htoikjte  is  the  art  of  preaenrinjjj  health  ;  that  i^,  of  obtaining  the  most  perfect 
action  of  bodj  and  mind  during  as  long  a  period  as  is  oonsistent  with  the 
lawB  of  life.  In  other  words,  it  aims  at  rendering  growth  more  perfect,  decay 
leas  mpid,  life  more  vigoroua,  death  more  remote* 

This  art  has  heen  practised  from  the  earliest  times.  Befoie  Hippocrates 
there  were  treatisee  on  hygiene^  which  that  great  master  evidently  embodied 
in  Mb  incompsuuble  worka  It  was  then  baaed  on  what  we  shouJd  now  call 
empirical  rules— viz.,  simply  on  observations  of  what  seemed  good  or  bad  for 
health.  Very  early,  indeed,  the  effecte  of  diet  and  of  ejcercise  were  carefully 
noticed,  and  were  considered  the  basis  of  hygiene,*  HipiKPcratea,  indeed, 
appears  to  have  had  a  clear  conception  of  the  relation  between  the  amount  of 
food  taken  and  of  the  mechanical  energy  prfjduced  by  it ;  at  least,  he  ib 
extremely  carefnl  in  pointing  out  that  there  must  be  an  exact  balance  between 
food  and  exercise,  and  that  disesBe  results  from  excess  either  way* 

The  effects  on  healtli  of  different  kinds  of  air,  of  water,  and  to  some  extent 
of  soils,  were  also  considered  at  a  veiy  early  date ;  though  natuTOlly  the  igno* 
ranoe  of  chemistry  prevented  any  great  advance  in  this  direction,  Hippocrates 
sttnmied  up  the  existing  knowledge  of  his  time  on  the  six  articleSi  which  in 
aftarnlayB  received  the  abmiid  name  of  the  *'  Non-naturals."  f  The  six  articles, 
whose  regulation  was  considered  indispensably  necessary  to  tlie  life  of  man, 
were — air^  aliment,  exercise  and  rest,  sleep  und  wakefulnesa,  repletion  and 
eraetiation,  the  passions  and  affections  of  the  mind. 

With  the  exception  of  the  attempts  of  the  alchemists,  and  of  the  chemical 
phynciana,  to  discover  some  agent  or  drug  which  might  increase  or  strengthen 
tha  principle  of  life,]:  the  practice  of  hygiene  remained  within  the  same  limits 

*  H«n»dieiiH,  one  of  tb«  prooeptorB  of  Hippocmti»,  wii»  th«  flrft  to  intToduoe  isedicinAl 
gymiMWtffi  for  tlu}  improvement  of  health  nncf  tfae  mm  of  diseoiie ;  though  gyiimaaticji  in  train-' 
Sc  fior  war  had  been  UMd  lotig  before.  PIttUrcb  sajs  of  biro,  Umt  Ubouring  under  a  decay 
wUdi  ba  kMw  could  not  b«  perfectly  cured^  be  was  tbe  lint  wbo  blended  tbe  pmna^tic  art 
with  phptei  In  lucb  a  mantier  ai  protected  to  old  ice  bia  own  life,  and  the  men  of  otben 
»f1i  ift^i  tr^b  tbe  same  disease.    H«  was  ceDSUivd  by  PUto  for  keeping  alive  penoiLS  witb  craay 

m  oriffraated  in  a  seoteooe  of  Galen,  and  was  introduced  into  use  by  Uie  jargon  of 
Uie  KrniKitifiic  »cbooL  It  was  employed  in  all  tnjatiaea  on  bygiene  for  probably  nearly  1500 
yeara« 

Z  li  wa«  when  obembtrywas  being  rudely  studied  by  tbe  alcbmnisU  tbat  an  entirely  different 
acbool  of  hygiene  aroae,  Th«  djMTOV*fry  of  chemical  agents^  and  tbe  preat  eftpct  they  produce 
on  the  1)4 Ml  V,  led  to  the  notion  tlmt  th^y  could  in  soin©  way  aid  tbe  force*  of  life,  and  injure  a 
prolonged,  if  not  on  eiemal  youtb,  and  a  life  of  agea  instead  of  one  of  years.    Tlib  belief,  tbd 
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until  phjBiolog^^  (the  knowledge  of  the  laws  of  life)  began  to  he  stiidied- 
Hygiene  t!ien  began  to  acquire  a  scientific  basis.  Still  retaining  its  ompirical 
foumlation  drawn  from  observation,  it  Las  now  commenced  to  a]>ply  the 
physiolugiciil  discoveries  to  the  iiniimvemeut  of  health,  and  to  test  the  value 
of  its  own  rules  by  this  new  hgbt.  It  ie  now  gradually  beconiing  an  art 
based  on  tlie  science  of  j>hysiologj%  with  whose  progress  its  future  is  identified. 

Btit  the  art  of  hygiene  1ms  at  present  still  another  object  If  we  Imd  a 
pt^rfect  knriwledge  of  the  laws  of  life,  and  could  iiracticidly  apply  this  know- 
ledge  in  a  pe^rfect  system  of  hygienic  rides^  disease  would  be  impossible. 
But  at  prcMmt  disease  exists  in  a  thousand  forms,  and  the  human  race  lan- 
guishes, and  at  times  almost  perislies,  uuilcr  the  grievous  yoke.  The  study 
of  the  causes  of  tlisease  is  sti'ictly  a  part  of  physiology,*  but  it  can  only  be 
carried  out  by  the  practical  physician,  since  an  accurate  identification  of  tlie 
diseaaes  is  the  first  necessary  step  in  the  investigation  of  causes. 

The  causes  being  investigaUnl,  the  art  of  hygiene  then  come«  in  to  form 
rules  which  may  prevent  the  causes  or  render  the  frame  more  fitted  to  bear 
them ;  and  as  in  the  former  case  it  was  the  exponent  of  physiology,  in  tbi^ 
case  it  Ijeconies  the  servant  of  the  pathologist. 

Taking  the  woi\l  hygiene  in  the  largest  sense,  it  signifies  mles  for  perfect 
culture  of  mind  and  body.  It  is  impossible  to  dissociate  the  two.  The  body 
is  affected  by  every  mental  and  moral  action;  the  mind  is  profoundly  in- 
fluenced by  bodily  conditions.  For  a  jwrfect  system  of  hygiene  wo  miLst  com* 
bine  the  knowledge  of  the  physician,  the  schoolmastf^r,  and  the  priest,  and 
must  train  tlie  body,  the  intellect^  and  the  moral  soid  in  a  perfect  and 
balanced  order.  Then,  if  our  knowledge  were  exact,  and  our  means  of  aj^pli- 
cation  adequate,  w^e  should  see  the  human  being  in  his  perfect  beauty,  as 
Providence,  jjerhaps,  intended  him  to  be  ;  in  the  harmonious  prc*portions  and 
conjplet^j  balance  of  all  parts,  in  which  he  came  out  of  his  ^laker's  bands,  in 
whose  divine  image,  we  are  told,  he  was  in  the  begiiming  made. 

But  is  such  a  system  possible  ? 

Datonl  result  of  the  di«coverj-  of  new  powers,  haa  not  yet  entirely  died  oot ;  nM  while  t1ifl» 
•re  Bome  wht*  still  look  to  everj'  fresh  agent  an  possibly  containing  "  the  baUani  of  life/'  them 
mre  also  still  Gnthusinsta  who  search  the  raystic  tomes  of  the  alchemiats  or  the  Ko»icrucian«,  In 
the  faith  that,  after  alt,  the  great  s^rut  waa  really  Ibuntl.  It  may  be  worth  while  to  consider 
the  idea  which  underlaid  the  dreama  of  tho  alchemista.  Life  was  looked  on  aa  an  entity  or 
lirinciplfi  liable  to  constant  waste,  and  to  eventual  e]qM>nditur«.  If  »oiue  agent  couhi  be  fomid 
to  taresi  thi*  wa^te.  to  cryatalllae,  as  it  were,  the  tij^<)ueH  in  their  full  growth  and  vigour,  deoif, 
it  waa  conceived,  would  be  iuiposwihle,  and  youth  would  Im  etemtib  Ie  other  cases,  it  im 
Muppoaed  tliat  the  agent  would  itaelf  contain  the  principle  of  life,  and  therefore  would  at  oon 
restore  destroyed  health,  and  rerall  again  derwirtea  youth.  We  now  know  this  idea  to  be  wrong 
in  every  point.  The  constant  decay  the  nlchemiBta  sought  to  check  h  life  itself,  for  life  ia  bin 
iaoeuant  chaogte,  and  what  we  call  d»€Ay  ia  only  a  metamori>hoBis)  of  energy.  To  arrest  iha 
changes  in  the  body  for  one  single  moment  would  be  death,  or,  short  of  deatk  it  would  be 
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lessemng  of  the  enei^y  which  is  the  expreasion  of  life.  Nor  in  there  any  hope  that  the  exteD> 
tnoa  of  the  period  of  vital  eneri^y  am  ever  he  aecomplmlied  except  liy  imrrovinc;  tlie  nutrition  of 
the  tiaauea.     Here^  indeetl,  it  Is  jiujt  ix^sojitde  thnt.  in  time  to  come,  drugs  will  aid  Hygiene^ 


either  by  better  prepanng  food  for  the  purposes  of  uutTitiou,  or  by  removing  or  preveAllmi 
those  chemical  change^)  in  the  tiasuea  which  we  call  decay.  But  at  present,  certainly,  no  rules 
can  be  laid  down  for  the  ut^e  of  dmgH  in  hyj^iene.  except  in  that  debateable  land  which  liea 


between  hygieoe  and  the  practice  of  mi^dicint*,  that  in,  in  tlmt  uncertain  region  widoh  we  do 
not  tike  to  call  fUseaae,  and  yet  which  in  not  henltb. 

*  Physiology  and  pathology  are,  in  fact,  one  ;  normal  and  abnormal  life,  regular  and  iTrefTakr 
growth  ami  tlecay,  must  he  titudied  together,  just  as,  in  fact,  human  phyaiology  k  imperfect 
without  the  study  of  all  the  other  forms  of  life,  animal  and  vejjetJilde^  whicn  are  in  the  world, 
Sepfirated  for  convenience,  these  various  studies  will  ttually  conveiige. 
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Hi  itoe,  or  will  there  ever  be,  such  an  art,  or  is  the  belief  that  there  irill 
be,  one  of  those  dreiims  which  breathe  a  blind  ho^je  into  us,  a  hopt3  bom  only 
of  our  longings,  and  destined  to  die  of  our  experience  ]  Ami,  indwid,  when 
we  look  around  lis  and  consider  the  condition  of  the  world — the  abundance 
f»f  life,  its  apimlling  waste  ;  the  wonderful  contrivances  of  the  aniinai  king- 
dom,  the  apparent  indifference  with  which  they  are  trampled  under  foot ;  the 
divine  gift  of  mind,  its  awful  pen^eraion  and  alienations ;  and  when,  espe- 
ciidly,  we  note  the  condition  of  the  humim  race,  and  consitler  what  it  appa* 
rently  might  be,  and  what  it  is ;  ite  marvellous  entlowments  and  lofty  powers ; 
its  terrible  anfferings  and  abasement ;  its  capacity  for  happiness,  and  its  cup 
of  aonow ;  the  heavenly  boon  of  glowing  health,  and  the  thousand  diseases 
and  pfunfal  deaths,— he  must  intleed  be  gifted  with  siiblimo  endmance  or 
und^-ing  faith  who  can  still  beheve  that  out  of  this  chaos  order  can  come,  or 
out  of  this  suflering  happiness  and  health. 

In  the  scheme  of  Provitlonce  it  may  not  be  meant  that  man  shall  be 
healthy.  Diseases  of  mind  and  of  body  may  be  the  cross  he  has  to  bear ;  or 
it  may  be  the  evil  against  which  he  has  to  struggle,  and  whose  shackles  he  is 
finally  to  unloose.  The  kst  disease  wiU  disappear,  we  may  believe,  only 
when  man  is  perfect ;  and  as  in  the  presence  of  the  Saviour  all  disease  was 
healed,  so,  before  perfect  virtue,  sorrow  and  euiTeriiig  shall  fade  away. 
"Whethier  the  world  is  ever  to  see  such  a  consummation  no  man  can  say  ;  but 
as  agee  foil  on,  hojie  does  in  some  measure  grow.  In  the  midst  of  all  oiu* 
weaknesses,  and  all  our  many  errors,  we  are  certainly  gaining  knowledge,  and 
iiat  knowledge  tells  us,  in  no  doubtful  terms,  that  the  fate  of  man  is  in  his 
hands. 
It  is  undoubtedly  true  that  we  can,  even  now,  htorally  choose  between 
1th  or  disease;  not,  perhaps,  always  individually,  for  the  siiiB  of  our 
athers  may  be  visited  upon  us,  or  the  customs  of  our  life  and  the  chains  of 
civilisation  and  social  customs  may  gidl  ns,  or  even  our  feJlow-men  may 
Eny  US  health,  or  the  knowledge  which  leads  to  health-  But  as  a  race,  man 
olds  his  own  destiny,  and  can  choose  between  good  and  evil ;  and  as  time 
tirolls  the  scheme  of  the  world,  it  is  not  too  much  to  hope  that  the  choice 
be  for  good.       -^ 


Looking  only  to  the  part  of  hygiene  which  concerns  the  physician,  a  perfect 
I  of  roles  of  health  would,  I  conceive,  be  beat  arranged  in  an  orderly 
ries  of  this  kind. 

The  rules  would  commence  with  the  regulation  of  the  mother's  health  while 
;  her  child,  so  that  the  growth  of  the  new  being  should  be  as  perfect  as 
eible     Then,  after  birth,  the  rule*  (clifferent  for  each  sex  at  certain  times) 
Id  embrace  three  epochs  ;  *  of  growth  (including  infancy  and  youth) ;  of 
aturity,  when  for  many  yean?  the  b<^y  remains  apparently  stationary  ;  of 
ay,  when,  without  actuid  disease,  though,  doubtless,  in  contwiquence  of  some 
chemical  changes,  molecular  feebleness  and  de^ith  commence  in  some  part  or 
^Blher,  forerunning  general  decay  and  death. 


•  Finit  exprualjr  noted  by  Gateo. 
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In  these  sereral  epCMilia  of  hia  life»  the  humaa  being  would  liaTe  to  be 
considered — 

l^i^  In  rektion  to  the  natural  conditions  which  Burrotind  him^  and  which  are 
essential  for  life,  such  as  the  air  he  bitaithe^ ;  the  water  he  drtnkB ;  his  food, 
the  source  of  till  bodily  ant!  mental  ivfts ;  the  soil  which  he  moves  on^  and  thd 
sun  which  warnn?  and  lights  hiin^  &c.  ;  in  fact,  in  relatiun  to  nature  at  laigiei 

2df  In  his  social  and  ccirpomte  relationa,  as  a  member  of  a  c«>iiiinimity  with 
certain  cus^t^ims,  trades,  conditions  of  dwellings,  clothing  &c. ;  subjected  ta 
social  and  ]K)htical  LnfluenceSf  sexual  relatians,  &c 

3(/,  In  his  capacity  as  an  independent  being,  having  within  himself  sonites 
of  action,  in  thoughts,  fe-elinp^  desires,  poraonal  habits,  all  of  which  a£foci 
health,  and  which  require  seK-regiilation  and  control 

Even  now,  incomplete  as  hygiene  necessarily  ia,  such  a  work  would,  if 
followed,  almost  change  the  face  of  the  world.     But  would  it  be  f oUowed  t 

In  some  csiaes  the  rules  of  hygiene  <iould  not  be  followed,  however  much 
the  individual  might  draire  to  do  so.  For  example,  pure  air  is  a  nocessitf  for 
health  ;  hut  an  intlividual  may  have  httle  control  over  the  air  which  smTOundi 
him,  and  which  he  must  diuw  into  his  lungs.  He  may  be  powerless  to  pre- 
vent other  persons  from  contaminating  hia  air,  and  thereby  stiikiiig  at  the 
very  foundation  of  his  health  and  liappiness.  Heits  as  in  so  many  other  caMS 
which  denmnd  n^niktion  of  the  coiiduet  of  indiWduals  towards  each  other, 
the  State  st-eps  in  for  the  protectiun  of  its  citizens,  and  enacts  rales  which  shall 
be  binding  upon  all.  Hence  arises  what  is  now  termed  *^  State  Aledlcine,"  i 
matter  of  the  greatest  importance.  The  fact  of  "  State  Medicine  "  being  pos- 
sible, miu^ka  an  epoch  in  which  some  sanitary  rules  receive  a  general  oonsent^ 
and  indicates  an  advancing  civilisation.  Fear  has  been  expressed  lest  Stote 
Medicine  should  press  too  much  on  the  individual,  and  should  tt>o  much  l&aaejx 
the  freedom  of  personal  action.  This,  however,  is  not  likely,  as  long  as  Ihd 
State  act«i  cautiously,  and  only  on  well-asaured  scientihc  grounds,  and  as  long 
&B  an  unshackled  Press  discusses  with  fi-eedom  every  step.* 

•  A  wstchfa]  care  over  the  health  of  the  people,  atid  a  due  regulation  of  mattera  which  con- 
ecm  their  health,  in  certainly  one  of  the  most  importiitit  functions  of  Ooveniiiient.  The  fa<t 
that,  In  modem  times,  tiie  subjt-ct  of  hy^«tie  ge literally,  mid  State  Medicine  in  particulio',  hi« 
cotnmezieed  to  attmct  so  niuch  the  public  attention,  ia  iindoubteilly  owing  to  the  applica 
statiftica  to  miblic  health.  It  h  mqmsHihle  for  any  nation,  or  for  any  Government,  to  1 
ilkdiflbriDt  when,  in  figures  whick  admit  of  no  denial,  the  national  amount  of  h^Alth  and  1 
neis,  or  diaeaae  and  suffcrinar,  in  determined.  The  earlv  Statiutioal  Reports  of  the  Ami^ri 
TaUoch,  Manhall.  and  Balfour,  directed  attention  to  tbe  tmportaaoe  of  thiH  matter.  TL 
ertabliehment  of  thi?  iCe^nJitrar-Genorars  office  in  iS38,  and  the  commflncement of  the  systems 
■fOcorately  recording  births  and  deaths,  will  hereafter  be  found  to  be,  as  far  as  the  h«ppin«* 
of  the  people  h  coiicenied,  one  of  the  most  iiijportaiit  events  of  onr  time.  We  pwe  a  naticm^* 
gratitiide  to  the  Registrar- General  for  the  pc^rsiatence  with  which  he  has  n*ed  hia  official  ptw- 
tioD  for  the  nnhlic  good,  and  to  his  able  coadjutoTH,  e«i)ecially  to  him  to  whoao  WM^^xdtf  tw 
chief  fniite  of  the  inquiry  are  duL%  to  William  Farr.  ^jvu 

Another  action  of  the  Government  in  our  day  wm  scarcely  leas  important.  It  la  impomut 
to  overrate  the  value  of  th«  Government  Inquiry  into  the  Uealtli  of  Towns,  and  of  the  <^<>^^^ 
Benerallv,  coinn»euce*l  more  than  a  quarter  of  a  century  ago  by  Edwiu  t'hadv.  liwoed 

Smith,  Neil  Aniott,  Sutherland,  Ouy,  TojTibee,  and  othera,  and  which  htis,  u  eon- 

tinned  ever  since,  and  ih  now  vigorously  ''arrifti  on  by  the  oUicial  Hucoetwor  uj  ,  -:uea», 

the  mi>ilical  officer  to  the  Pri^y  Counril.  Mr  Simon,  ConBe«|ut^nt  ou  this  movement  cxune  the 
appointment  of  medical  oHicors  of  health  to  the  different  t*jwns  and  mriahea.  Th©  reporti 
inMijshed  by  many  of  these  gentlemen  {Liethehy.  Dnndia  Thomson,  Buchaium-  Luik««tM| 
iilJi»T,  BaOftni,  and  mnny  otherii)  iiave  greatly  aavanced  the  subject,  and  have  done  much  to 
diifu&e  a  knowledge  of  hygiene  among  tJie  people,  and  at  the  Hame  tinje  to  extend  and  rendar 
preciae  our  knowled^  of  the  conditiona  of  national  heidtk     When  tlie  eU'eci  of  all 
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interest  It  has  been  proved  over  and  over  again  that  nothing  is  so  costly  in 
all  ways  as  disease,  and  that  nothing  is  so  remuneiative  as  the  outlay  which 
augments  health,  and  in  doing  so,  augments  the  amount  and  value  of  the 
work  don& 

It  was  the  moral  aigument  as  well  as  the  financial  one  which  led  Lord 
Herbert  to  devote  his  life  to  the  task  of  doing  justice  to  the  soldier,  of  in- 
creasing the  amount  of  his  health,  and  moral  and  mental  training,  and,  in  so 
doing,  of  augmenting  not  only  his  happiness,  but  the  value  of  his  services  to 
the  country.  And  by  the  side  of  Lord  Herbert  in  this  work  was  one  whose 
name  will  ever  be  dear  to  the  country,  and  whose  life,  ever  since  that  memor- 
able winter  at  Scutari  in  1855,  has  been  given  up  entirely  to  the  attempt  to 
improve  the  condition  of  the  soldier. 

This  book  has  been  written  to  assist  in  carrying  out  one  of  Lord  Herbert's 
plans,  and  in  accordance  with  his  wish,  and  with  that  of  Lord  de  Grey,  his 
friend,  coadjutor,  and  successor. 

It  has,  therefore,  been  sketched  on  a  narrower  basis  than  the  longer  treatise 
indicated  above,  which  would  have  to  deal  with  both  sexes,  all  ages,  and 
various  trades  and  conditions. 

Although,  however,  as  dealing  with  MUitary  Hygiene,  and  drawing  its 
chief  examples  from  the  soldier's  life,  it  is  a  work  on  Army  sanitation,  it  yet 
includes  the  great  principles  of  hygiene  applicable  to  all  men — principles 
which,  though  here  stated  necessarily  in  the  briefest  and  barest  way,  are,  I  am 
persuaded,  fraught  with  benefit  to  all  men,  if  they  are  properly  interpreted 
and  faithfully  applied. 
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CHAPTER    I. 
WATER. 

The  supply  of  wholeflcinie  water  in  sufficient  quantity  is  a  funilmiieiital 
sanitiiry  necessity.  Without  it  injury  to  health  inevittibly  arises,  either 
simply  from  deHciency  of  quantity,  or  more  freijuently  from  the  presence  of 
impurities.  In  all  sanitary  iuTesti^^itions,  the  que^stiim  of  the  water-supply 
Is  one  of  the  first  points  of  inquiry,  and  of  labti  years  quite  unexpected 
evidence  has  been  obtained  of  the  freqaeecy  with  which  di8i3fise«  are 
intnxluced  by  the  agency  of  water.  In  such  an  investigation,  if  the  headings 
of  the  su bisections  of  this  chjq>ter  are  followed^  and  the  facts  are  noted  under 
each  heading  in  order^  it  will  be  hardly  pnssihle  to  overlook  any  eondition 
which  may  hare  affected  health*  The  order  of  inve^^tigation  would  be  m 
follows  :— Quantity  of  water  per  head ;  how  is  it  collected ;  storetl ;  distri- 
butetl ;  what  is  its  composition ;  is  it  wLoleaome  watt^r  at  it8  source  and 
throughout,  or  has  it  been  contaminated  at  any  point  of  its  distribution  3  what 
are  the  eifects  presumed  to  arise  from  it  ?  * 


SECTION  I. 

ON  THE  QUANTITY  AND  SUPPLY  OF  WATER. 

Sitb-Section  L — 1,  QuA^^TiTT  OF  Watkb  for  Hbalthy  Men. 

In  estimating  the  quantity  of  water  required  daily  for  each  person,  it  ia 
necessary  to  allow  a  liberal  supply.     Thero  should  he  economy  and  avoidance 

*  Armv  JUffulaiions  im  the  Buhjeci  0/  Water.— thfi  Regulatioaf  for  tbe  Merlical  Department 
of  Her  MajntT*!  Army  freqnenUy  refer  to  the  supply  of  water  la  Part  I!.,  Stn^tinii  i  ,  pam- 
lenpli  6  (Ittiied  u  a  circular  July  1875,  peuding  the  complete  issue  of  tbe  Revised  Rcj^ibtioitsl 
the  Siii|jiB0O«  General  and  Deputy  Surgoons  General  are  dire^ed  to  ''aacertain  thnt  thw  water- 
•npniy  ii  good  and  ahondant,  and  perfectly  prolecied  from  poUntion."  Also,  "  that  tlie  menna 
of  ablntioo  and  cleanlineas  ore  iraflScient  and  made  use  of  by  the  men, "  In  tlie  ?*anitary  Repjula- 
tiom  (anny  circular,  December  1876)  Section  ii,  paragraph  0.  the  medicjil  offiryr  in  charge  of 
troom  ia  ordered  to  examine,  from  time  to  time,  *' the  quality  and  amount  of  driwkiiig- water," 
ftnd  to  aeeeitain  that  there  ia  "  no  itoakage  from  latrinea,  oeaspoolSf  drain«,  or  other  Kourcen  cf 
ifnpitrily,"  He  ia  also  ordered  to  inspect  the  lavatories  and  hatha.  In  Sections  vK  and  vii.  the 
amme  iUperTialon  over  tbe  water-supply  of  camps  and  garrisona  and  tran.siK>r  t  ships  is 
eiiioined. 

when  un  uniiv  tikeji  the  field  a  SaniUry  OfBcer  ia  appointed.  And  he  examines  into  nil 
a  i^  the  wnter-«upply,     (Section  viii.  paragraph  Ci J 

mnnal  ppports  tlie  water-anpply  haa  to  he  consiilered,  in  common  w'th 
**t  ...  .1.-^^7  '*the  sour^^e^  quality,  and  r^imntity  of  the  wat*n' MuppSy*^ 

a>  hat  mean*  of  puHficiition  are  in  nm.  If  nuch  Im  necefl«rtfv/* 

A  Mir  conditinn^,  and  if  BUftici^nt  for  deanlim-ss  for  tll><iJ^a 

aad  aick  i  whithur  lb«ru  aro  bAtlaog  paradea  and  how  often  a  week/' 


3  WATER. 

of  waste ;  Tiut  still,  any  error  in  supply  had  far  bettar  be  on  the  aide  of  excem. 
In  England  many  poor  familiea,  either  from  the  difliculty  of  ohtaining  water* 
or  of  getting  rid  of  it,  or  from  the  habits  of  imcleanliness  thua  handed  down 
from  father  to  soUj  use  an  extremely  small  amount.  It  would  be  quite 
incorrect  to  take  this  amount  as  the  stimdard  for  the  community  at  large,  or 
oven  to  fix  the  sjiiaUeat  quantity  which  will  just  suffice  for  moderate  cleanh- 
neas.  It  is  almost  impossible  to  give  a  definition  of  cleajilineHs,  nor  perhap 
is  it  necessary,  since  there  is  a  general  understajidinj?  of  what  is  meiinL 

It  must  be  clearly  understoori  for  what  ]juj'i>08es  water  is  supplied.  It  may 
be  required  for  drinking,  cooking,  and  ablution  of  i>er&ons,  clothes,  utensilsi 
and  houses  ;  for  cleansing  of  closets,  sewers,  and  streets ;  for  the  drinking  and 
washing  of  animals,  washing  of  carriages  and  s tables ;  for  trade  purposes ;  for 
extinguishing  firas  ;  for  public  fountains  or  baths,  &a 

In  towns  supplied  by  water  companies,  the  usual  mode  of  reckoning  m  to 
divide  the  tfital  daily  supply  in  gallons  by  the  total  population,  and  to  expreai 
the  amount  per  head  per  diem. 

The  following  are  some  of  the  gross  amotmts  used  at  the  present  time  for 
all  the  abo%'e  purposes,  as  judged  of  in  this  way  : — 


Now  Eiver  Company  in  London  1866,* 

East  Loudon  Water- Work  Company,  „  . 

Chelsea  „  „  . 

West  Middlesex  „  „ . 

Grand  Junction  „  ,| . 

Southwark  and  Yauxball  „  ^i  . 

Lambeth  „  „  . 

Southampton,  „  „  . 

Glasgow,  „  „  . 

Derby,t 

Nottingham,! 

Nomrich,  f 

Eiliiiburgh, 

Liverpool, 

Hhtdheld 

Paris,    , 

Calcutta  (for  European) 

„        (for  Natives) 
New  York 


I  per  lie«4 
of  t»opalatlon  ditily. 

23 
22 
33-8 
30 
34 
21 
34 
35 
50 
14 
17 
12 
35 
30 
20 
31 
30 
15 
300 


In  1857  the  average  snppply  to  fourteen  English  towns,  of  second-rate 
magnitude,  was  24  gallons.  The  average  of  72  English  and  Scotch  Ujwns, 
BuppUed  on  the  constimt  system,  is  1 344  gallons  i>er  house,  (but  this  include 
the  supply  to  f acton es,  of  which  there  were  16,087  to  889,028  houses),  or  (at 
5  persons  to  each  house),  26 '7  per  head  ;  of  23  towns,  supplied  an  the  in- 
termittent system,  127  per  house,  or  25*4  i>er  head,  including  1367  factories  to 
137j41 4  houses ;  and  of  London,  also  on  the  iutennitteiit  syshmi,  204,  or  41  per 
head,  iuc!u"ling  5340  factories  to  409,582  housca  {Sixtli  Reixirt  of  the  Riveni 
Pollution  Onixaissloners,  pp.  232,  233.)  The  range  in  individujd  cmm  is,  how- 
ever, Very  great^  from  20  gidlons  per  house  (4  per  head)  at  11  ey  wood,  to  7 DO  at 


•  Theae  jmrl  other  London  amounts  arc  taken  from  the  Report  of  tbe  ComtnittM  of  tlte 
Douw  of  fJotiimiinwoo  the  Eawt  I^ndun  Water  Hills,  IBB7,  p-  3i7.  The  Edinburgh  amount  ii 
hik'^n  from  the  same  work. 

t  From  Mr  Beggs'  pamphlet  on  ''Con^rtaiit  Water  Supply/*  lasued  by  th«  Social  Science 
Aaaocuition. 


r 


QUANTITT   AND  SUPPLY  OF  WATER.  8 

Middlesboroiigh  (UO  per  head),  Mr  Bateman  statcxa  that  in  the  raaniifac tar- 
ing towna  of  Lanca8hiro  and  VorksMre,  the  present  araount  is  from  16  to  21 
gallons  ;  in  mmo  cases  less,  according  to  the  tfil^le  in  the  Sixth  Iteport  of  tbo 
KtYers  Pollution  Commissioners. 

At  Norwich  about  14^  gidlona  daily  per  head  are  8iipplio*l  on  the  constant 
system,  of  which  10*5  are  taken  for  domestic  ptirpMwses,  3  for  trade^  and  '7 
^edlons  for  puhlic  and  sanitary  purposes,*  In  Manchestor  the  supply  is  also 
constant,  and  is  14  gallons  j>er  head  for  dorae^itic,  and  7  for  tmde  purposes. 

By  a  recent  decision  of  the  Secretary  of  Btiite  for  war,  a  soldier  is  to  receive 
15  gallotis  daily;  no  extra  allowance  is  made  for  the  wives  and  children  in  a 
regiment. 

The  gross  amount  thus  taken  is  used  for  diiTePent  purposes,  which  must  he 
now  considcTed. 

Amount  for  Dornesti^^  Purposes^  exchiding  Waiet'ClQuetA^ 

This  item  includes  drinking,  oookijig,  washing  the  person,  the  clothes,  the 
bouse  utensHa,  and  the  bouse. 

An  adult  fequires  daily  about  70  to  100  ounces  (3 J  to  5  pints)  of  water  for 
nutrition  ;  but  aVxjut  20  to  30  ounces  of  this  are  contained  in  the  hnjiid,  meat, 
&c,  of  his  food,  and  the  remainder  is  taken  in  some  form  of  liquid.  There 
are^  however,  witle  ranges  from  the  average.  Wom^n  drink  rather  less  than 
men ;  children  drink,  of  course,  absoluteiy  less,  but  more  in  pn:)portion  to 
their  bulk  than  adults.  The  rules  for  tran^apurt  vessels  allow  8  pints  in,  and 
6  out  of  the  tropics  for  cooking  and  drinking.  During  hot  weather  and  great 
exertion  a  man  will,  of  course,  driuk  muck  more. 

In  some  experiments  made  for  the  War  Office  in  1866,  at  the  Pachniond 
BariackB  in  Dublin  and  the  Anglesey  Barracks  in  Portsmoutli,  the  amount  of 
the  different  items  of  the  domestic  supply  (excludiug  latriuesj  which  take  6 
gallons  per  head)  is  thus  given ; — 

GaUani  pur 
>Q Idler  dttll/. 

Cook-house,         ....♦•! 
Ablution  rooms  and  baths,  ....  4 

Cleaning  barracks,  .....  225 

Wasb-boiiae  and  married  people,  ,  .  ,  2*5 


9-75 


I  baTB  measnrod  the  water  used  in  several  cases ;  the  following  was  the 
amoimt  used  by  a  man  in  the  middle  class,  who  may  be  taken  as  a  fair  type 
of  a  cleanly  man  belonging  to  a  fairly  clean  household  : — 


Cooking,      .  .  p  -  . 

Fluids  as  drink  {water,  tea,  coftee),  • 
Ablution,  including  a  daily  sponge-bath,  which  1 
took  2^  to  3  gallons,     ,  .  .      J 

Share  of  utensil  and  house-washing  , 
Share  of  clothes  (kundry)  washing  estimated, 


■75 
•33 


12 


ThfiM  fegultB  are  tolerably  accordant  with  tbo  Dulilin  experiments,  if  wo 
lemember  tliat  with  a  large  household  there  is  economy  of  watt-r  in  washing 
uteDSiLt  and  clothes,  and  that  the  number  of  wive^  and  children  in  a  regiment 

•  Bcport  by  Ut  Polo. 
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it  not  great.  In  pcM>r  familiea,  who  draw  water  from  wellB,  I  have  found  tlifirl 
amount  to  var>^  fram  2  to  4  gallona  per  head,  but  tlieii  there  waa  certainly  not] 
perfect  cleanllnesd.  I 

Mr  Bateman*  states  that  in  a  group  of  cottages  with  82  mnmtes,  the  dxily| 
average  amount  was  7^  gallons  per  heail,  anil  in  another  group  5  gaUooud 
lieiuL     Dr  Lethf^hy  foimd  in  the  poijr  houses  in  the  city  of  London  the  flU^^I 
to  be  5  gallons. t     In  experiments  in  model  lodgingdiouses,  Mr  Muir  nBH 
that  7  g^ons  daily  wore  use*!.  J     Mr  Easton,  in  hLn  own  house  in  LondaM 
found  he  used  ahoiit  1 2  gallons  per  hmd^  of  which  ahout  5  wore  for  cloieti, 
leaving   7    for  other   uses;    hut   I   infer   that  the   laundry    washing  wai 
not  included.     In  the  convict  prifion  at  Portsmouth,  whore  there  are  water 
clodets^  and  each  prisoner  has  a  general  bath  once  a  week^  the  amount  is  11 
gallons  (Wdaon),  | 

In  several  of  the  insttinces  just  referred  to,  it  may  bo  questioned  whethetl 
the  amount  of  cleanlimi'j^s  was  equal  to  what  would  he  expected  in  the  highff  I 
ranks.     In  most  instancaq  quoted  no  general  bathe  were  used  ;  but  it  is  now  I 
becoming  ao  common  in  England  to  have  bath-rooms,  that  it  is  said  they  ami 
often  put  even  in  eiglit-roomwi  houses.     A  general  liath  for  an  adidt  re([uii«,  ' 
with  the  sii\allest  adult  bath  (Lti.y  only  4  feet  long  and  1  foot  9  inches  wide), 
38  gallous,  and  many  baths  will  contain  50  to  CO  gallons,     A  good  showe^ 
bath  will  tleliver  3  to  6  gallons.     General  baths  used  only  once  a-week  will 
add  5  or  6  gallons  per  head  to  the  daOy  consumption, 

I  believe  we  may  safely  estimate  that  for  personal  and  domestic  use,  witheot 
hatlis,  12  gallons  [lerhead  daily  should  he  given  aa  a  usual  minimuni  supply; 
and  with  baths  and  perfect  cleanhnesa,  1 6  gallons  should  be  allowed.  This 
makes  ut)  all<nvimce  for  wat^ar-closets  or  for  unavoidable  waste.  If  from  want 
of  fiupi  Jy  tb»3  auiomit  of  water  must  be  limit&tfl,  4  gallona  daily  per  hoa*!  for 
adults  is  proljalily  ihu  lenst  amount  which  ought  hy  he  used,  and  in  this  case 
there  coidd  not  be  daily  washing  of  the  whole  body,  and  tbei\^  must  he  in- 
sufficient change  of  under-clothing. 

If  public  baths  are  used  the  amount  must  be  greatly  increased.  The  largest 
hatha  the  world  has  seen  (those  of  jincient  liome)  demanded  a  supply  of 
water  ao  great  as,  according  to  Leslie's  calculations,  to  raise  the  daily  avenge 
per  head  t*j  at  least  300  gallons. 

Amount  for  Water*  Closets, 

The  common  arrangements  with  cisterns  allow  any  quantity  of  water  to  be 
poured  down,  antl  many  engineers  consider  that  the  chief  waste  of  water  is 
owing  to  water-cloHcts.  In  some  districts,  by  attention  to  thi^  point,  the  con- 
sumption has  heen  greatly  redace<l ;  in  one  case  frojn  30  to  1 8,  and  in  another 
from  20  to  12  gallons  per  head.  It  has  not  yet  been  precisely  dotcrmine*! 
what  quantity  should  be  allowed  for  water-closets.  Small  cisterns,  termtMl 
water-waste  preventers,  arc  usually  put  up  in  towns  with  const^int  water 
supply,  which  give  only  a  certain  limited  amount  each  time  the  closet  is  used 
The  smallest  water-waste  preventer  fields  |  gallon,  but  tliis  is  too  little^  The 
better  kinds  ho!d  I  to  2  gallons ;  but  even  2  gallons  are  often  insulbcieut  to 
keep  the  pan  and  soO-pipo  perfectly  clean  ;  the  water-waste  preventer  must  be 
sometimes  allowed  to  till  again^  and  be  again  enq>tied.  Considering  also  that 
some  persons  wiD  use  the  closet  twice  daily  and  sometimes  ofter^er,  and  that 
occasionally  moEe  water  must  be  used  for  thoroughly  Hushing  the  pan  and 

Con«fftnt  Water  Supply,"  By  Jfessrs  Bateman,  BeggK,  k  R«adle,     1867. 
t  Report  of  th(i  East  Loaaou  Water  Bill  Committer,  18<37.    Queatloaa  23i'J  bjh\  2347i 
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soil-pipe^  6  gallons  a-day  per  head  eboiild  probably  he  allowed  fur  clouek.  In 
lliu<  particular  instance  a  false  economy  iu  the  use  of  water  is  ino«t  undeijirahlc. 
Water  latrines  require  less ;  the  amount  is  not  precisely  knuvv^n  ;  tht-  ex2>eri- 
meuts  of  the  Hoyal  Engineers  at  ])ublin  give  an  average  of  5  gallons  per 
head,  but  it  is  ccmsiderecl  this  might  be  reduced. 

In  fixing  the  above  quantities,  viz.,  12  gallons  per  head  for  all  domestic 
piirpoeefi  except  general  baths  and  cluseta,  4  g^illons  additional  for  general 
baths,  and  6  for  water-closi^ts,  I  sliaU  be  eonsidered  Ly  some  to  have  fixe«i  the 
daily  supi>ly  too  high,  while  by  others  I  shall  be  accusecl  of  the  contiury  fault 
1  have  endeavoured  to  l>ase  it  on  facts,  and  do  not  think  I  am  much  in  error. 
It  ia,  however,  ne^-essary  to  make  aome  allowance  for  unavoidable  waste,  and 
for  extra  supply  to  cltfsets,  and  it  will  ho  a  modersitc  crttiinate  to  allow  3 
gallons  daily  per  head  for  this  piu-ixise.     This  will  make  25  gtdlom^. 

There  is  another  n-ason  for  believing  tbat  an  amount  of  about  25  gallons 
jier  head  should  pass  from  every  house  daily  into  sewers,  if  sewers  are  nseil. 
It  is  that  in  most  cases  this  quantity  seems  necessary  in  keep  the  sewers 
f>erfectly  cleaTi  though  in  some  ctises,  no  doubt,  with  a  well -arranged  and  con- 
structed sewerage,  a  less  amount  may  suffice.  But  the  complete  cleanxge  of 
sewera  ia  &  matter  of  such  f uiulameutal  importance  that  it  is  necessary  to  take 
the  safest  courses 

A  mouni  fo'^  Art hin U^ 
From  exi^-'riiiU'iits  conduck-it  in  Bome  cavalry  stables  in  1 866,  by  the  Royal 
Engineers,  the  War  Office  authorities  have  fixed  the  daily  supply  for  cavalry^ 
horses  at  8  gallons,  and  for  artillery  horses  at  10  gallons  per  horse.  This  is 
to  include  washing  horses  and  carriages.  The  amount  seems  rather  emalL 
Of  course  the  amount  that  horee*  drink  varies  as  much  as  in  the  case  of  meti^ 
and  depends  on  food,  weather,  and  exertion ;  but  if  a  horste  is  alluw<4  frt^e 
access  to  water  at  all  timeSj  and  tliis  should  be  the  case,  he  will  drink  en  an 
average  6  to  1 0  gallons,  and  at  timea  more.  In  the  month  of  October,  with 
cool  weather,  I  found  a  hf»rse  16  bauds  high,  doing  8  miles  a-day  carriage- 
work,  and  fed  on  com  and  hay,  drank  1\  gidlons.  Another  carriage  horse 
drank  nearly  the  same  amount.  In  a  sUible  of  cavalry  horses,  doing  very 
little  work,  and  at  a  cool  time  of  the  year,  I  found  the  amonnt  per  liorse  to  \m 
6 J  gallons.  Tbe  amount  used  for  washing  wtis  3  gallons  daily,  Li  hot  and 
dirty  weather  the  quantity  for  both  purposes  would  be  larger.  For  washing 
a  horse  requires  at  least  1^  gallon,  and  twice  this  amount  if  he  is  w^ashed 
twice  a-day.  There  ia  a  saving,  however,  if  grooms  wash  several  hors<?s  in 
the  some  water.  It  is  difficult  to  say  how  much  is  used  for  can'iuge-wa.shing. 
Un  the  wbole^  including  carriage  washingj  &c.,  16  gallons  [)er  horse  Ls  not  an 
excessive  amount  A  cow  or  an  ox,  on  dry  food,  will  drink  6  or  8  gallons  j 
a  aheep  or  pig,  |  to  1  gallon.  In  the  Abyssinian  expedition,  the  following 
waa  the  calculation  for  the  daily  expenditure  of  water  per  head  on  ship- 
bofod: — 

Elephants,  ,  ,  .  ,  ,  25  gallons. 

Camels,  .  .  .  .  .  10       „ 

Oxen  (lai^  draught),     .  .  «  ,  6       „ 

Oxen  (small  jmck  animaU),         *  .  .  '^       »f 

Hoisegy  .....  6       „ 

Mules  and  ponies  .  .  .  ^       n 

For  20  elephants  and  103  men,  50,000  gallons  were  put  on  l>oard  for  a 
voyage  of  60  days.* 

•  ThU  infonnation  WM  dsrived  from  Miyor  Holl*nd,  Ai«i»liint  Qujirteriniwter-ncneralg 
AbsrwiniAo  Army. 
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AmoufiU  required  for  Municipal  and  Trade  PurpoMe* 

For  municipal  purposes  water  is  taken  for  washing  and  watering  stroeiB,  In 
fountains,  for  extinguishing  fires,  &c  The  amount  for  these  and  for  tnde 
purposes  will  vary  greatly.  Professor  Eankine,*  who  gives  an  aYEngi 
allowance  of  10  gallons  per  head  for  domestic  purposes,  proposes  10  man  it 
trade  and  town  use  in  non-manufacturing  towns^  and  another  10  gallons  in 
manufacturing  towns.  Considering,  however,  the  comparatively  small  nomba 
of  horses  and  cows  in  towns  as  compared  with  the  human  population,  and  fb 
frequent  rains  in  this  country  which  lessen  watering  of  streets,  these  qoantitiBi 
might,  perhaps,  in  most  cases  be  halved. 

If,  now,  the  total  daily  amount  for  all  purposes  be  stated  per  head  d 
population,  it  will  be  as  follows : — 


Domestic  supply  (without  baths  or  closets),             .  .          12 

Add  for  general  baths        ....  .4 

Water-closets,        .             .             .             .             ."  .6 

Unavoidable  Waste,           ....  .3 

Total  house  supply,  .....         25 

Town  and  trade  purposes,  animals  in  non-manufacturing  town,      5t 
Add  for  exceptional  manufacturing  towns, ...  5 

35 

In  India  and  hot  countries  generally,  the  amounts  now  laid  down  wcnild 
have  to  be  altered.  Much  more  must  be  allowed  for  bathing  and  for  washing 
generally,  while  a  fresh  demand  would  arise  for  water  to  cool  mats,  punkahs, 
or  air-passages  by  evaporation.  In  Calcutta  it  is  intended  to  supjdy  to 
Europeans  30  gaUons  per  head,  and  to  natives  15  gallons  daily.^ 

In  Madras,  it  appears  to  be  assumed  that  the  ultimate  amount  used  will  he 
20  gallons  per  head,  iilcluding  all  residents.§ 

2.  Amount  Eequired  fob  Sick  Men. 

In  hospitals  a  much  larger  quantity  must  be  provided,  as  there  is  so  mndi 
more  washing  and  bathing.  From  40  to  50  gallons  per  head  are  often  used. 
I  know  of  no  good  experiments  as  to  the  items  of  the  consumption,  bat  1 
think  the  following  is  near  the  truth : — 

For  drinking  and  cooking,  washing  kitchen  and    ) 
utensils,       ....  J 

For  personal  washing  and  general  baths. 
For  laundry  washing, 
Washing  hospital,  utensils,  &c., 
Water-closets, 

38  to  46 

It  would  be  very  desirable  to  have  more  precise  data ;  possibly  the  amount 
for  closets  is  put  too  high,  but  not  greatly  so  when  all  cases  are  taken  into 
account. 

♦  Civil  Engineering,  1862,  p.  781. 

t  This  allowance  will  vary  ui  every  case,  and  must  be  very  uncertain. 

^  (Gordon's  Anny  Hygiene,  p.  42o. 

S  Ke|>ort  by  Captain  Tulloch  on  the  Drainage  of  Madras,  1865,  p,  03. 
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tlie  roof  of  the  Louse  will  receive  in  a  year  (vi^,,  in  tWs  case  62 S 2  g^oai) ; 
or,  if  it  is  witibed  to  express  it  in  cubic  feet^  tbe  number  of  cubic  inches  muet 
be  diyided  by  1728  (number  of  cubic  incbes  iu  a  cubic  foot),  or  multipKed  bj 
*CK)058. 

To  calculate  tbe  receiving  surface  of  tbe  roof  of  a  bouse,  we  must  not  taka 
into  accoimt  tbe  e]ope  of  the  rocif,  but  merely  ascertain  the  ariia  of  the  fist 
space  actually  covered  by  the  rool  The  joint  areas  of  the  gronnd-floor  rooms 
will  be  wjmething  less  than  the  area  of  the  roof,  which  also  covers  the  thkk- 
nesa  of  the  walls  and  the  eaves. 

In  most  English  towns  the  amoimt  of  roof  sptice  for  each  person  cannot  lie 
estimated  higher  than  CO  square  feet ;  and  in  some  poor  districts  is  much  less. 
Taking  tbe  rainfall  in  all  England  at  30  inches,  and  assuming  that  all  is  aavwl, 
and  that  there  is  no  loss  from  evajioration,  the  receiving  surface  for  each  peraon 
woulil  give  935  gallons,  or  2J  gallons  a-day.  But  as  few  t-own  houses  hare 
any  reservnirs,  this  qiiantity  nms  in  great  part  to  waste  in  urban  districts 
In  the  country  it  is  an  imi>ortimt  source  of  supply,  being  sttjrcd  in  cistems  or 
water-buttj?.  If,  instead  of  the  roof  of  a  bouse,  the  receiving  surface  be  a 
piec^e  of  land,  the  amount  may  bo  c^lcnlated  in  the  same  way.*  It  most  be 
understood,  however,  that  this  is  the  total  amount  reaching  the  ground  ;  all 
of  tliis  will  not  be  available ;  some  will  sink  into  the  ground,  and  some  will 
evaporate ;  the  quantity  lost  in  this  way  will  vary  with  the  soil  and  tbe  season 
from  one-half  to  seven-eightlis.  To  facilitate  these  calcnlatiom*,  tables  hare 
been  constructed  by  engineers,  t 

One  inch  of  rain  delivers  4*673  gallons  on  every  s^iuaro  yard,  or  22,617 
gallons  (101  t<:>ns  by  weight)  on  each  s^^uare  acre.  J 

In  estimating  tbe  annual  yield  of  water  from  rainfall,  and  tbe  yield  at  any 
one  time,  we  ought  to  know  tbe  great-est  annual  rt\iufall,  the  least,  the  average, 
the  perifjd  of  the  year  when  it  falls,  and  the  length  of  the  rainless  season.  It 
must  also  be  remembered  that  the  amoimt  of  rainfall  differs  very  greatly  even 
in  places  near  together. 

Spririffit^  Mtverif. — It  will  often  be  a  matter  of  ^reat  importance  to  determine 
the  yield  of  springs  and  small  rivem,  as  a  body  of  men  may  have  to  be  placed 
for  some  time  in  a  particular  spot,  and  no  engineering  opinion,  perhaps^  csn 
be  obtained. 

A  spring  is  measured  most  eaaily>  by  receiving  the  water  into  a  ves^l  of 
known  capacity,  and  timing  tbe  rate  of  filling.  The  spring  sbuuld  ho  opened 
np  if  necessary,  and  the  vessel  should  be  of  large  size.  The  vessel  may  be 
measured  either  by  filling  it  first  by  means  of  a  known  (pint  or  gaUon) 
measure,  or  by  gauging  it  K  it  be  roimd  or  square,  its  capacity  can  T»e  tk 
once  kuoivn  by  mesisuring  it,  and  using  tbe  ndeslaid  down  in  tbe  cbapt*?r  for 
measuring  the  cubic  amount  of  air  in  rooms.  The  capacity  of  the  vesf^el  iji 
cubic  feet  may  be  brought  into  gJillons  if  de^nirable,  by  multiplying  by  6*23, 
If  a  tub  or  ciL*^k  only  be  procurable,  and  if  there  is  no  pint  or  gallon  measuie 
at  hand,  the  following  rule  may  be  usefid  :— 

Take  tbt^  bimg  diameter  in  inches,  by  measuring  tbe  circumference  at  the 
bimg,  dividing  by  3d 416,  and  making  an  allowance  for  the  thickness  of  the 
staves ;  sipmre  the  bung  diameter,  and  raidtiply  by  39.  Take  tbe  head 
diameter  by  direct  measurement,  and  square  it,  and  multiply  by  25.     Multiplf 

•      9  aquare  feet      —  1  Aqtiafc  yard.  I  Square  yanls  x  *0i>a2067  —  acres. 

4810  acjimr©  yards  —  1  Aquare  acre.  Liueal  feet       st       -00019  —  miJea. 

640  e«vii^are  acrB§    =-  1  emiare  niile.  ' 

+  Benrilmore'a  Mnnual  of  Iiy<iroIi>fTy,  p.  f\l, 

t  Ta  brinR  tnibic  tncbea  into  galloiui,  multiply  by  4^  and  divide  by  11,091,  or  multiply  «t 
ohoe  by  -003607. 
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Bufficient  perceptilily  to  depress  the  watery  and  then,  if  the  quantity  talcHliH 
be  meamired,  and  the  tme  taken  for  retiiliiig  the  well  be  noted,  an  appnm-l 
mate  estimate  can  be  formed  of  tlie  yield  I 

Permanence  of  Supply. — It  is  obvious  that  the  pennanence  of  the  si^f  I 
of  a  erpring  or  small  stream  may  often  be  of  the  greatest  mom^ent  in  tht  am  1 
of  an  encampment^  or  in  the  establishment  of  a  peimanent  station.  | 

In  the  hn^t  place^  e'vidence  should,  when  available,  be   obtaineicL     If  u  | 
evidence  can  be  got,  and  if  the  amount  and  j)eriod  of  niin  be  not  known,  it  k 
almost  impossible  to  arrive  at  any  safe  conclusion.     The  country  which  fcimi 
the  gaiheiing  ground  for  the  sprinip  or  rivers  should  be  considered.      If  thiat 
be  an  extensive  background  of  hiHe^  the  springs  towards  the  fc»ot  of  the  hilli 
will  probably  be  permanent^     In  a  flat  country  the  permanency  la  dotibtftil, 
unless  there  be  some  evidence  from  the  tenipemture  of  the  spring  th^it  tk 
water  comes  from  some  depth.     In  Umeatone  regions  springs  are  ofien  M 
from  Rubt^^rranean  reservoirs,  caused  by  the  gradutd  solution  of  the  rtx^tft  bf | 
the  water  charged  vd\h  carbonic  acid ;  and  such  springs  are  very  permaaentJ 
In  the  ch^dk  districts  there  are  few  springs  or  streams,  on  account  of  dn 
porcwity  of  the  soil,  unless  at  the  prrint  the  level  be  considerably  below  Uh 
of  the  country  generally.     The  same  may  be  said  of  the  sandstone  forma tioo%i 
both  old  and  new ;  but  deep  weUs  in  the  sandstone  often  yield  largely,  as  ^ 
permeable  rocks  form  a  vast  reservoir.     In  the  granitic  and  tnip  district^ 
small  streams  are  liable  to  great  variations,  unless  fed  from  lakes  ;  springs  «w 
more  permanent  when  tboy  exist,  being  perhap§  fed  from  loi'ge  coUectiaas  or 
lochs.  ^^H 

%  Storage.  ^^^ 

The  amount  of  storage  required  will  depend  on  circmnatances^  vit,  thi 
amount  useil,  4ind  the  ease  of  replenishing.  It  is,  of  course,  easy  to  calcukte 
the  s|»ace  rei|uired  when  these  conditions  are  known,  in  this  way  i^ — The 
numlicr  of  gallons  retpitred  daily  for  the  whole  population  miiat  be  divided  by 
C*23  to  bring  into  cubic  feet,  and  multiplied  by  the  number  of  days  which 
tlie  storage  must  last ;  the  product  is  the  necessary  size  of  the  reservoir  in 
cubic  feet, 

Many  WAteiSi  particularly  rain  water,  must  be  Altered  thi'ongh  sand  be£oie 
tbey  pass  into  small  cisterns,  and  the  filter  should  lie  cleaned  every  three  or 
four  months,  Pig,  L  is  a  single  lilter  recomraemied  by  the  Barrack  Com- 
mission,  * 

A  double  filter  can  be  made  by  having  a  second  chamber, 

Wliatever  be  the  size  of  the  reservoir,  it  should  be  kept  carefully  cleaD, 
and  no  possible  source  of  contamination  should  be  permitted.  In  the  lai^ge 
I'eservoirs  for  town  supply,  the  water  is  sometimes  rendered  impure  by  floods 
washing  surface  refuse  into  them,  or  by  substances  Ix^ing  thrown  in.  In  fact, 
in  some  cases,  water  pure  at  its  source  b«comes  impure  in  the  reservoira. 

Some  large  cities  are  still  supplied  principally  by  rain  water,  as  Con- 
stantinople— where  under  the  houses  arc  enormous  cUtems, — 'Vonico,  imd 
other  ]dacea.     Gibraltar  and  Malta  arc  in  part  suiiplieil  in  this  way. 

As  far  as  possible,  all  reservoir?,  tanks,  &c»,  should  be  covei-ed  in  and 
ventilated ;  in  fonn  they  ehoidd  be  *leep  mther  than  extended,  so  as  to  lesson 
evajKiration,  and  secure  coolness.  Thtmgh  they  should  be  peritHlic^lly  and 
carefully  cleaneii,  it  would  appear  that  it  is  not  always  wiae  to  disturb  water 
plants  which  may  he  growing  in  them ;  some  plants  as  the  Pmtococcus,  the 
Chara,  and  others,  give  out  a  very  lai^e  amount  of  oxygon,  and  thus  oxidise 

*  Report  on  the  Medlten-aDeon  StHtiona,  1863. 
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that  water  paseing  through  zinc  piped,  or  kept  in  zinc  palls,  may  prodoei 

symptcims  of  metallic  poisoning.*  i 

Cisterns  should  always  be  well  covered^  and  protected  as  much  as  poeaHi 
from  bijth  heat  and  light  Care  should  always  he  taken  that  thei^  i*  m 
chance  of  leakage  of  pipes  into  thera,  A  common  source  of  coataminalioiiil 
an  overtiow  pipe  passing  direct  into  a  sewer,  so  that  the  sewer  gaaes  p>H% 
and  being  conlined  by  the  cover  of  the  cistern,  are  absorbed  by  the  water  ;1i 
prevent  this,  the  overflow  pij^ie  is  curved  so  as  to  retain  a  little  water  and  fom 
a  trap,  but  the  water  oft^^n  evaporates,  or  the  gases  force  their  way  through  il; 
no  overflow  pipe  should  therefore  open  into  a  sewer,  but  should  end  abow 
ground  over  a  trapped  grating.f  A  cistern  supplying  a  water -closet  should  Wl 
he  u.ned  to  supply  cooking  and  drinking  water,  as  the  pipes  leading  U>  HHf 
closet  often  conduct  closet  air  to  the  cistern*  Rence,  a  small  cistem  (water 
waste  preventi^r)  should  he  used  for  each  closet  Cisterns  fihould  be  periodi- 
cally and  cLiref  uUy  inspected  ;  and  in  every  new  building,  if  they  are  plawd 
at  tlie  top   of  the  house,  convenient  means  of  access  should    be  pioviiied. 

Tank«  to  hold  min -water  recjulre  constant  iui^pection. 

Wells  (which  are  really  reservoirs)  are  very  liable  to  c^ntanaination  foan 
9UiiajDG  washings  during  rains.  A  good  coping  will  often  prevent  this ;  but  if 
there  is  much  subsoil  soaking,  lining  with  ii^m  to  a  certain  depth,  or  covenil 
A^f ith  brickwork  set  in  cement  for  a  suflicient  depth,  to  arrest  the  flow,  nuiy  b* 
desirabla 

3.  Distribution. 

A\licn  houses  are  removed  from  sources  of  water  the  supply  should  he  hx 
aquorluct^  and  pi2>e^  The  distribution  by  hand  is  rude  and  objectionable,  fof 
it  h^  imposshle  t-o  supply  the  j>roper  quantity,  and  the  risks  of  contaniinatioa 
are  increasetL  Some  of  the  most  extraoixlinary  of  the  Eoman  works  in  bo6x 
the  Eastern  and  Western  Empires  were  undertaken  for  the  supply  of  wate^- 
%vorka  whose  ruins  excite  the  astoniahment  and  should  rouse  Uie  emulation  of 
modem  nations* 

The  plana  for  the  distribution  of  water  should  include  arrangements  for  Uw 
easy  and  immediate  reiuoval  of  dirty  watcT.  This  is  an  essential  iwiut^  for  in 
mauy  towTis  where  houses  iir*}  not  properly  arrangfsfl  for  small  famiiie*^  th^i 
are  jio  means  of  getting  rid  of  water  from  the  uijjjer  rooms,  and  this  inooa- 
venienee  actmdly  limits  the  use  of  water,  even  when  its  supply  is  ample. 

The  Hupjjly  of  water  to  houses  may  bo  on  one  of  two  systems,  iiitennittoit 
or  constant.  The  ditlerence  between  the  two  p>lans  is,  that  in  the  first  case 
there  is  storage  in  the  houses  for  from  one  to  three  da}- s ;  while  in  the  latter  case, 
there  is  either  no  storage,  or  it  is  only  on  a  very  smidl  se^le  for  two  purpoflea* 
viz.,  for  water-closeta  and  for  the  supply  of  kitchen  hoilers-J  I^  should,  how- 
ever, be  understood  that  the  constant  supply  does  not  mean  an  unlimited  sup- 
ply^  nor  is  it  the  fact  that  the  water  in  the  house  i»ipes  is  always  in  direct 
CO mrauni cation  with  the  water  in  the  reservoirs.  On  the  contrary,  the  water 
to  the  houses  is  often  cut  ofl',  particularly  in  places  where  the  supjily  is 
limited,  and  fittings  are  not  gooil,  and  there  is  great  waste. 

*  My  friend,  Dr  OrslMm,  of  Bitterne,  has  Men  aevenit  owes  of  tills  kind.     [In  aome  < 
At  !isa»t,  watijr  kft  in  the  so-called  ipilratiized  vesBelx  for  mxj  len^h  of  time, — a  good  maolj 
diiyM,— tii«ttti  strongly  of  zinc  salts,— F,  dc  CJ 

T  For  sn  inatance  of  Tvphoid  fevtr  producud  by  this  canae,  see  Lectures  on  St&te  Me 
hy  F.  de  Chaumoot,  p.  76,  77* 

X  Much  Taluable  evidence  on  the  c^inAtaat  supply  may  ^<^  found  in  the  Report  of  ilw  ITousft 
of  CommonA  Committee  on  the  East  LondoD  Watt^r  hilU,  1M7,  It  is  curious  to  aee  how  dilfi> 
enlt  the  definition  of  II  constant  supply  wa*  found  to  he.  The  difference  of  opinion  Wtween 
engineers  on  the  dasirahility  of  a  constant  supply  is  hhown  to  he  con«idemhle.  The  fit-ntemenU 
in  tbe  text  are  drawn  from  a  collation  of  this  <^videuce,  and  from  a  cooslderatioa  of  Mr 
iuaii*a  pamphlet,  and  many  other  works. 


DISTRIBUnOK, 


13 


The  great  arguments  against  storage  on  the  premises  (except  on  a  limita^i 
scale  for  cloeets  and  boOers)  ore  the  chances  of  contamination  in  cistemB,  and 
the  very  imperfect  means  of  storaga  In  poor  houses  wtxtden  caj?ks  or  barrels 
are  often  used,  and  may  be  placed  in  the  worst  situations.  The  arguments 
against  the  storage  system  are  certainly  directed  in  part  against  removable 
faUures.  If  every  house  had  a  good  cistern  in  a  proper  pUico,  ue.,  secured 
from  contamination,  and  capable  of  easy  in8p>ection  and  elean^ing ;  if,  in  fact, 
the  details  of  the  system  wore  good,  it  might  be  argued  that  fit-orage  on  the 
pnemises  woidd  bo  the  best  plan,  as  giving  without  fail,  and  at  all  times  of 
day  and  night,  a  sufficient  supply  of  water,  not  merely  for  common  use,  but 
for  emeiigencies.  It  must^  however,  be  admitted  that,  especially  in  poor 
hoQses,  the  inspection  and  cleansing  even  of  a  well  placed  cistern  will  never 
be  properly  done,  and  that  with  all  precautions  the  chances  of  contamination 
of  the  water  during  storage  are  very  great  As  reganls  this  point,  the  constant 
system  hsia  a  very  great  superiority,  for  there  is  no  chance  of  (u>ntarainatioii 
except  in  the  reservoir  or  in  the  pipes.  So  great  an  advantage  is  this  in  a 
sanitary  point  of  view,  that  almost  all  those  who  have  paid  most  attention  to 
eanitary  aflairs  have  advocated  the  constant  system.  It  is,  however,  quite 
neoesaary  that  it  should  be  nnderstood  what  the  constant  system  sometimes  i^ 
in  pnettce*  When  there  is  an  abundance  of  water,  as  at  Olaj^gow,  the 
Btoppoges  of  water  may  be  few,  but  when  water  hsis  to  be  economised,  the 
water  is  hora  time  to  time  shnt  off  from  the  house  pijies,  and  then  no  water 
may  be  procomble  for  hoursi  This,  however,  is  avoided  as  much  m  jmssible 
in  the  day  time,  so  that  the  inconvenience  is  reduced  to  a  minimiiin.  In  somi^ 
cases,  again,  in  onler  to  economise  water,  a  throttle  or  ferule  is  introduced  into 
the  communication  or  house  pipe,*  lessening  the  diameter  to  |tb  or  even  to 
^th  of  an  inch,  or  smaller,  so  that  if  the  head  of  pressure  be  small  the  water 
flows  very  slowly,  and  sometimes  merely  dribbles.  In  other  case,^,  a  meter  is 
put  on  a  pipe  communicating  with  several  hoimes  ;  and  the  owner  of  tho  houses 
is  charged  for  the  water,  an<l  this  leads  him  to  enforce  a  very  eparing  use  of 
it  In  aU  these  ways  the  constant  system  may  teU  against  th*^  consunier ; 
while,  on  the  other  hand,  great  waste,  leaking  fittings,  and  fraud  uJimt  al>8ti>M!- 
tion  of  water  (to  avoid  which  there  are  seveml  ingenious  contrivances)  tell 
against  the  company,  and  lead  to  a  depreciation  of  their  property.  Another 
injury  is  also  sometimes  inflicted  on  the  company,  for  their  fittings  are  stolen, 
and  besides  the  loss,  an  enormous  waste  of  water  may  be  t^iused,  and  not  be 
detected  for  some  time. 

In  spite  of  all  these  difficultiea,  the  system  of  constant  supply,  in  some 
shape  or  other,  has  been  carried  out  in  about  150  towns  in  Englaml ;  f  and  the 
Metropolis  Water  Act  of  1&71  has  now  onlered  constant  supply  for  L<jndon, 
if  demanded  by  the  rate-payers,  and  if  proper  fittings  are  provided. 

In  providing  a  c^onstant  supply,  certain  precautions  are  necessary.  The 
fittings  must  be  as  perfect  as  possible.  In  some  cases,  when  the  system  has 
been  changed  from  the  intermittent  to  the  constant  system,  i\s  in  ChesU^r,  the 
wsste  of  water  has  been  so  great  that  the  old  jilan  has  been  recurred  to. 
Common  tape  do  not  answer,  and  the  best  screw  taps  and  fittings  must  bo 
used*  I     To  prevent  theft,  it  has  been  proposed  to  make  the  removed  of  fittings 


*  Tlitf  tenni  used  to  deacribe  tti«  pipe*  differ  a  little  appAreDtlr  ;  th«  niainti  and  difrtrict  or 
ftttb-miini  are  tbf  1ug«  pipes,  wliicD  ore  always  full  of  water,  the  latter  Ixjing  of  roiirse  tue 
imaUer ;  tti«  aerrioa-pipe  ii  another  tenu  for  a  district  main.  The  wmnniiiicAtion  pipe  is  tlrat 
which  nixu  ttom  the  airvice-pipe  W  the  botise^  sod  in  the  bouae  it  takes  the  name  of  hotuie- 
pipe. 

+  MrBe¥i:ga' PMapUcrtop,  eO,  page20.  t 

;  A  bad  ball'Cdok  baa  bm  kiic»wa  to  drop  IS  gaUoaa  a  dny. 
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a  8p>eeific  ofience,  punislied  eummarily  by  impniK)nment^  and  to  plaee  imi 
sale  uf  £iuch  property  imder  the  same  restrictions  as  in  the  caae  of  Cit>wa 
property. 

One  important  sanitary  advantage  of  the  constant  system  is  ^hai,  in  ordtf 
to  facilitate  inspection  and  detection  of  waste,  no  waste  pipe  is  allowed  to  opoi 
into  a  Mcwt^r,  hut  it  m  always  so  placed  that  any  escajie  of  water  can  bo  etiSly 
seen  (the  so-called  warning  pipe).  The  great  evil  of  sewer  gases  being  ooo^ 
ducted  hack  into  houses  thitnigh  overflow  pipes  is  thus  avoided,  Caiefid 
inspection  and  good  fittings  so  ftir  lessen  the  waste  of  the  constant  sjrsleiD, 
that  in  some  cases  less  wiitcr  is  used  than  under  the  intennittent  plan.* 

Some  engineers  have  paiposed  what  may  he  called  a  compromiae  betwem 
the  intermittent  and  constant  syetenis.  They  would  allot  to  a  house  of  ■ 
certain  size  and  jwpidation  a  f^^ven  daily  amount  of  water,  and  give  an  equil 
storage,  with  a  cistern,  and  would  then  deliver  through  a  tube  with  a  xeiy 
smaD  orifice  an  amount  of  water  in  twenty -four  hours  just  ecj^ual  to  the 
storage.  In  that  way  the  day  would  commence  with  the  storage  of  the  m§^t» 
which  would  he  sufficient  for  the  morning  washing.  The  water  company 
could  not  lose  in  this  way ;  and  it  would  he  for  the  tenant  to  look  after  his 
fittings  if  at  any  time  he  found  himself  without  water.  The  objection  to  thia 
plan  is  that  cisterns  iire  reintroduced,  and  their  lessened  size  does  not  ramoTO 
the  objections  tii  them» 

If  the  constant  system  is  used,  a  good  screw  stop-cock,  available  to  the 
tenant,  should  he  placed  at  the  point  of  the  entrance  of  the  pipe  into  the 
house,  so  that  the  water  may  be  turned  ofl'  if  pijx*s  hurst,  or  to  allow  the  pipe* 
to  he  empty,  as  during  frost*  Every  precaution  must  be  taken  that  impure 
wat-er  ia  not  drawn  into  the  pipes  hy  a  pipe  being  emptied  and  aucking  up 
water  from  a  diakuice-t 

For  the  supply  of  a  very  large  city,  it  might  he  desirable  to  divide  the  city 
into  sections,  and  to  esttihlish  a  reservoir  for  each  district,  holding  three  of 
four  days'  supply.  In  this  way  the  waste  of  one  section  would  not  take  away 
the  water  from  another.  In  some  instances,  jjeople  in  one  fiart  of  a  town 
supplied  with  the  constant  system,  have  used  so  much  ivater  for  ganlena  that 
other  parts  ha've  been  altogether  deprived  of  supply.  The  system  of  secondary 
resei'voirs  woidd  not  only  lei^sen  this  chance,  hut  woidd  make  it  possible  to 
ascertain  that  every  jiart  of  the  town  was  getting  its  supply.     The  number  of 

*  Evidence  of  Mr  Eaaton  in  the  Eeport  of  Committ6«  on  th«  Bftst  London  Water  Bill*,  ]8S7, 
+  The  Board  of  Trajle  issiiefi  a  Mixiut«  in  1872  lAyiiig  down  regulations  and  defining  th« 
kind  of  fittingu  and  ananjiieTneTits  for  London ;  the  folio win[f  ai©  the  principal  pjointR  :  lead 
pipcji  to  be  of  certain  strength  (if  internal  diameter  ia  |  io.^  ^  in.,  5  in.^  |  in.,  1  in.^  1|  ii^^ 
the  retpective  iveights  per  lineal  yard  are  to  be  6  lb,,  ft  Ih.,  74  Ih.r  9  lb.,  12  lb,,  16  Ik), 
Every  pipe  in  contact  with  the  groaud  to  l»e  of  lead  ;  each  hon»e  to'have  a  cottirannication  piw^ 
bnt  oniy  one,  OEleaa  an  owner  has  it  for  a  block  of  houses  ;  connection  of  every  coEnmunicatiaii 

fiipe  to  be  hy  a  brass  screwed  ferule  or  stop- cock  with  a  clear  area  of  water  way  eqoai  to  i 
nch,  eirery  joint  to  be  a  "jiUinibinf^"  or  **  wiiT«"  joint.  No  pipe  to  pass  through  an  aih-pit, 
mannre  heap,  diaiD,  iinlea$i  It  cannot  be  avoiiled,  and  then  the  pipe  is  to  be  laid  In  an  exterior 
cast-ux»ti  pipe  or  jacket ;  each  pipe  in  the  ^und  to  1>b  30  inches  below  sturfkoe ;  each  com- 
innnication  pipe  to  have  near  the  entrance  into  the  hoiiso  a  scrowdown  itopvalve  ;  if  in  tha 
ground  such  valve  to  be  protected  by  proptr  cover  and  gti&rd  Ijos  ;  every  ciatem  to  be  waler- 
tight,  to  have  a  good  "  ball-tap ;"  no  waste-pipe  except  a  *'  wnriiing  pii>B,"  and  audi  wanung 
pij>e  to  be  BO  placed  aa  to  be  easily  inspected.  No  cistem  buried  in  ground  to  be  used; 
wooden  cisterns  to  have  metallic  lining«  ;  every  water-doset,  urinal,  or  boiler  §haU  be  aervedonljr 
from  a  cistern,  and  sball  not  be  in  direct  coinniunication  with  the  water  pipea ;  closets  and 
nrinals  to  have  water- waste  preventers^  every  "down  pipe**  into  a  wat«r-clo*et  to  have  an  in- 
tc^mal  diameter  of  not  less  than  1|  Inchj  antlto  weigh  not  lesa  than  9  lb,  per  litieal  yard.  No 
bath  to  have  an  overflow  pine  except  of  the  **  warning"  kind ;  the  outlet  mujtt  be  distuiet 
from  the  inlet,  and  the  inlet  sWll  be  bigher  than  the  highest  atand  of  the  water.  Lead  watniqf 
pipe*,  of  which  the  ends  are  open,  and  which  cannot  remain  charged  with  wnter,  may  hgm 
the  following  minimum  weight ;  |  inch  diiuueter  to  have  a  weight  3  Iba.  pep  yard  ;  J  in,^  5  Ibt ; 
I  ia,  7  Ibfl. 
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have  a  great  protective  power),  and  in  a  less  degree,  calcium  sulphate ;  lu^ 
perhaps,  in  a  stOl  leas  decree,  magnesian  salts,  and  the  alkaline  phosphates;^ 
but  it  has  been  said  that  perfectly  pme  water,  containing  no  gaaes,  has  no 
action  on  lead.  The  depoHit  which  freqiiently  coats  the  lead  cousin  d 
carbonate,  phosphate,  and  eulphate,  of  !ead^  calcium,  and  magnesium,  if  Qm 
water  have  contained  these  Baits,  and  lead  chloride.! 

3,  From  the  observations  of  Graham,  Hofmann,  and  Miller,  the  prot^cttPe 
influence  of  carbonic  acid  gas  appears  to  be  very  gn?at ;  a  difficultly  soluble 
Icmi  carbonate  is  formed.  However,  a  very  greiit  exce-ss  of  free  carbonic  acid 
may  di^sc^lve  this.  This  has  perhaps  lm\  to  the  st'itement  that  carbonic  acid 
counteractfl  the  preservative  effects  of  the  salts.  J  Water  charged  with  carbonic 
acid  under  pressure  has  a  very  marked  solvent  action  on  lead  (Fattison  Muir). 

Other  substances  may  find  their  way  into  watt^r,  which  may  act  on  lead— 
as  vegetablo  and  fatty  acids,  arising  from  fruits,  vegetables,  <S:c,  or  sour  milk 
or  cider,  &c 

4,  The  lead  itseK  is  more  easily  acted  upon  if  other  metak,  as  iron,  zinc,  ot 
tin,  are  in  juxta-postition ;  galvanic  action  is  pradticed.  Bending  lead  pipei 
against  the  grain,  and  thus  exposing  the  structure  of  the  metal,  also  increaaet 
the  risk  of  solution ;  zinc  pipe^,  into  the  composition  of  which  lead  often 
enters,  yieUl  lead  in  large  quantities  to  water,  and  this  has  been  especially  the 
case  with  the  distilled  water  on  board  ships. 

AMOUNT  OF  DISSOLVED  LEAD  WmCH  WILL  PRODUCE  SYMPTOMS  OP  POIBONIKO. 

Dt  Angus  Smith  refers  to  cases  of  lead  paralysis  in  which  as  little  asy^th 
of  a  grain  per  gallon  was  in  the  water,  Adams  also  ("  Trans,  of  the  American 
Medical  Society,"  1852,  p.  163)  speaks  of  j^th  of  agriiin  causing  poisoning. 
Graham  6])eaks  of  ^th  of  a  grain  per  gallon  as  being  itinocuous.  Angus 
8raith  says  that  ^th  of  a  grain  per  gallon  may  affect  some  persons,  whil^ 
^th  of  a  grain  per  gallon  may  be  required  for  others. §  But  it  is  difficult  to 
prove  it  may  not  at  some  time  have  been  more  than  this.  Calvert  found  that 
water  which  had  been  decidedly  injurious  in  Manchester  contained  from  ^ik 
to  A:ths  of  a  grain  per  gallon. 

In  the  ctdebrated  case  of  the  poisoning  of  Louis  Pliilippe'a  family 
at  Clai-emont,  the  amount  of  lemi  was  y^^ths  of  a  gi'aiu  per  gallon;  this 
i[uantity  afifected  M  per  cent,  of  those  wbo  drank  the  watc?r. 

The  water  of  Edinburgh  ia  said  to  contain  only  Y^tFth  of  a  grain  per  gallon, 
which  is  not  hurtfid.|| 

On  the  whole,  it  seems,  probable  that  any  quEmtity  over  ^''^th  of  a  grain  pr 
gallon  should  be  considered  dangerous,  and  that  some  persons  may  even  be 
aQected  by  less  quantities.il 

PROTBCrnON  OF  LEAD  PIPES. 

The  chief  means  which  have  been  proposed  are  : — 

(a)  Lining  with  tin.     Calvert's  experimentfi**  show  that  extra  tinned  and 

•  Report  of  the  GovernTnonl  Commissioa,  1851,  p.  7. 

f  Laadar  Lindsay,  Action  of  Hard  Water  on  Lead,  p.  7. 

J  There  ia  some  aiscrcpancy  of  opinioans  to  the  action  of  the  clilnridM. 

I  Wattklyn  adopts  ^ih  of  &  grciin  pergalloD  as  jMytifyiiig  rejection  of  a  water  i-  ^th  wonM 
Dmboltly  be  a  safer  liioit. 

II  Chemical  News,  St-ptembpr  28, 1S61. 

i  fie6  alMi  Taylor's  Med.  Jtirinp.,  IWfi,  p.  212  ;  and  opinions  of  Penny,  ibid.  p.  241. 
^*  Chemicjil  N^wSj  September  28,  ISCih 
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18  WATER.  ■ 

Owing  to  roany  of  the  domestic  uses  of  water,  such  as  the  washing  ■ 
utensils,  the  supply  for  closets,  ^'c,  not  rtM|uiring  a  very  pure  water,  it  liil 
been  proposed  in  some  cjiaes  to  supjjly  Wiik-r  from  two  sourcea — one  pure^j 
drinking  and  cooking,  the  other  impure.  This  require*,  however,  two  ai^fl 
pipeSj  and  involves  the  chiuiee  of  iniiitake  between  two  waters  ;  and  it  UQlH 
likely  to  be  of  use  under  exceptional  circumstancea.  H 

Drinking  water  is  ftnpplied  from  shallow,  deep^  and  Artesian  well  aams^l 
rain,  rivers,  wellfl,  vSpringSj  *l'c,  H 

Main   Water. — As  it  falls  through    the  air,  rain  becomes  highly  aanln 
(average,  25  eubie  centimetres  i>cr  litre),  the  oxygen  Iwiing  in  larf^er  pTopoartM 
than  in  atmospheric  air  {32  per  cent,  or  a  little  mor«A)  ;  carbonic  acid  ccM- 
tutesi  2|  or  3  per  cent,  of  the  gas.      It  carried  down  from  the  air  ammofiitt^ 
salts  (etirbonate,  nitiite,  and  nitrate),  and  nitrous  and  nitric  acids  in  Anfi 
amount.     The  total  quantity  of  nitrogen  in  ammoniacal  salts,   nitiDUS  md. 
nitric  acid,  is  -000985  giiiinmcs  \m}t  litre.     In  towns  with  coal-fires  it  UkU 
up  snlphuroUf^  and  sulphuric  acids,  and  sometimes  sulphiiretteil  hydnigfl 
The  aulphatesB  in  rain  increase,  according  t-o  Dr  Angus  Smith,"*  ad  we  V^^ 
inland,  and  befoT'e  large  towns  are  reached  ;  they  are,  according  to  this  amB 
*Hhe  measure  of  the  sewage  in  air"  when  the  sulphur  derived  from  thedfl 
bustioa  of  coal  can  be  excluded,  but  in  this  country  the  excdiisian  could  imM 
be  made.     Free  acids  are  not  found  with  certainty,  aceuiiiing  to  Smithy  ^'V 
combustion   and   manufacturer   sn^  not   the  causi\     The   acidity    taken  ■ 
sulphuric  anhydndo  was  espial  to  'OOSIT  grains  per  gallrjn  of  rain  iu  a  comsll 
place  in  Scotland,  and  10589  grains  in  Glasgow  ;  in  MancVH^ster  in  1870  b 
was  '8416,  and  in  London,  "2713  grains.     The  nitric  acid  in  (jlasgow  wm4> 
much  as  4705  grains  per  gallon,  and  in  London  only  *06188,     Albuminoii 
ammonia  was  no  less  than  '326  parts  in  a  milHon  in  lAindon  iiiin  (A.  SmiA 
op.  cU,  p,  363).     Kain  alsi^j  carries  down  many  solitl  substance^  as  soihiui 
chloride,  in  se^i  air ;  calcimn  carbonate,  sulphate,  and  pht?sphat^  ;  ferric  pxid«; 
carbon*     It  idmost  always  contains  ako  a  little  nitmgenous  orgiinic  mmt^ 
amounting  in  extreme  cases  to  as  much  as  35  grains  per  gallon.     The  tatoi 
amount  of  solids  (mean  of  5  analyscsf)  is  0'032  gnimmcs  per  litre,  or  3*31 
gniins  per  gallomj 

Occ4isionaUy  mi(?roacopic  plants  of  the  lowest  order  (as  Ftotocffccus  pUtmdi* 
and  others)  are  present 

Eain  also  often  becomes  very  impure  from  taking  up  substances  (lead,  zLac 
&c.)  from  the  receiving  surface  on  which  it  faUs,  and  it  also  often  carriM 
down  jjortions  of  leaves,  il^c,  into  the  pifK's  and  reservoirs,  which  slowly 
dissuhe  in  it 

With  nifjftrdio  rain  as  a  Bouree  of  mip^ihj. — The  uncertainty  of  the  rarnM 
from  year  to  year,  the  length  of  the  dry  season  in  many  countries,  and  tlie 
large  siae  of  the  reservoirs  which  are  then  reijuired,  are  disadvantages.  Ontfafl 
other  hand,  its  purity  and  its  great  aeration  make  it  both  healthy  and  pleasunt 
The  greatest  benefits  have  resulted  in  many  cases  (especially  in  some  of  Uw 


•  Air  and  Bain,  1872,  p.  215. 

t  Quoted  by  Moleschott,  Phya.  der  Nalirunpsmittel,  2d  edit,  p.  203. 

X  In  r:iiii-wat«r  collecteil  at  St  Albaiut,  in  the  middle  of  an  aitthlp  fjeld,  two  feet  from  Hit 
grouud,  Frankland  found  aa  much  aa  SSS  phvU  in  lOOjmO,  or  6  (JOS  praius  per  gmllan: 
Tueaa  of  63  sample,  3*86  parts  pur  100,000,  or  2'701  gr.  per  gallon.  From  the  roof  of  the  Land* 
End  Hotel  (Com wall)  42'8  per  lOO^OfMl,  of  which  one  haU  wiis  chlorides. 

In  a  sample  from  supply  tank  in  officers'  quarters  at  Portland  I  fottnd  47-95  gr.  per  g«lloao( 
Bolides,  of  which  about  10  were  chlorides  ;  the  omnic  ooiiHtituentft  were  also  very  laiig«.  la 
anothfif  Rampk,  gtitherefl  as  collected,  32  "55  total  solids  and  14  chlorides  ;  and  in  one  from  » 
pipe  Ifeatling  to  the  cookhouse,  69*i5  total  solids  and  lf#'2  chloride,*.  In  a  sample  collected 
through  funnelji  direct  into  fflass  hottloa,  the  solids  were  6  (J3  per  galloUj  of  which  4*9  wcw, 
volatile,  chiefly  ammoiium  cnloridc,  Stc.  [F.  de  C ] 
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and  rivers  often  contaiiifl  &  great  nuniber  of  couetituents — some  in  very  sanal 
others  in  great  amoimt.     Some  waters  are  so  highly  clmiged  as  to  be  temW  ' 
mineral  watera,  and   to  he  uniit   for  drinking,  except  as   medicines,     Ti*  i 
ITU  purities  of  water  are  nnt  so  mucli  influenced  by  the  depth  of  the  spring  M 
by  the  strata  it  passes  through*     The  wat<^r  of  a  surface  spring,  or  ci  vm 
deepest  Artesian  well,  may  be  pure  or  impure.     The  t^mixTature  of  the  wiJ^r 
also   varies,  and   is   chiefly   regulatctl   by  the  depth.     The  temjierature  of 
shallow  springs  alters  with  the  season  ;  that  of  deepf^r  springs  is  often  that  of 
the   yearly   rneaiL     In   very  deep  spriiigs,  or  in  some   Artesian  well%  till 
temperature  of  the  water  is  liigli* 

llie  subs  tan  ccj^i  which  are  contained  in  springj  river,  and  well  wateis  m 
noted  mor»3  fully  under  the  head  of  "Examination  of  Wat«r."  Thesre  nnj 
be  suspended  matters,  mineral,  vegetable,  or  animal ;  diasolveil  gases^  m, 
nitrogen,  oxygen,  carbonic  acid,  and  in  some  cases  sulphuretted  hydrogen, 
and  carburettLd  hydrogen ;  and  dissolved  solid  matters,  consisting  of  liiM; 
magnesia,  soda,  potassa,  ammonia,  iron,  alumina,  combined  with  chloriiMi 
and  aulphiiric,  carbonic,  phosphoric,  nitric^  nitrous,  and  silicic  acids*  Mare  I 
infrequently,  or  in  special  caset^,  certain  metals,  as  arsenic,  Tnanganea%  leadi 
zinc,  and  copper  may  be  pre-sent. 

The  nimle  of  combination  of  these  substances  is  yet  nncertain  ;  it  may  be 
that  the  acids  and  bases  are  equally  distributetl  among  each  other,  or  somt 
other  modes  of  combination  may  be  in  play.  The  miKle  of  eomliifiation  ii 
ti^nalli/  assum&l  tt)  be  n&  foUowa  *  The  chemist  determines  the  amount  of 
each  separate  suhstfince,  and  tlifu  calculates  the  combination  as  follows.  Tbt 
chlorine  is  comliined  with  sodium  ;  if  there  is  an  excess,  it  is  coniljineii  wiUi 
potassium  or  calcium;  if  there  is  an  excess  of  soda,  it  is  comljined  with 
sulphuric  acid,  or  if  *itill  in  exce^ss,  with  carbonic  acid.  Lime  m  combined 
with  excess  of  chlorine,  or  sulphuric  aciil,  or  if  there  be  no  sulphuric  acid,  or 
an  excess  of  lime,  with  carljonic  aciiL  Magnesia  is  comhiueJ  with  cjirbonic 
aeiti  So  that  the  most  usual  combinations  are  sodium  chloride,  Sinliima  sul- 
phate, sodium  carbonate^  calcium  carbonate  (held  in  solution  by  carbonic  acid), 
calcium  sulphate,  calcimn  cldoride  and  siHcate,  and  magnesium  carbonate; 
but  the  resnlts  of  the  analysis  may  render  other  conibinatiens  ncccssfiry. 

Distilled  Waier, — Distillation  is  now  very  largely  used  at  sea,  and  afforda 
an  easy  way  of  getting  good  water  from  sea  or  brackish  water.  Almost  any 
form  of  apparatus  will  suffice,  if  fuel  can  be  procured,  to  obtain  enough  water 
to  Rtip])ort  life ;  and  if  even  the  simi>lest  api)liance^  are  ]iot  att4iinable,  ttM 
mere  suspension  of  clean  woollen  clothing  over  boiling  water  will  enablifl^l 
large  quantity  t4:>  be  collected.  At  se^i,  salt  water  is  sometimes  mixed  with  ft 
from  the  priming  of  the  boilers,  and  occasionally  from  decomposition  of 
magnesium  chloride  (jiroliably),  a  little  free  hydrochloric  acid  passes  off 
This  can,  if  necessary,  be  neutralised  by  sodium  carbmiate. 

As  distilled  water  is  nearly  free  from  air,  and  is  thei-efore  nnpalatable  to 
some  persons,  and  is  supjwsed  indigestible,!  it  may  he  aerated  by  allowing  il 
to  run  through  a  cask,  the  hott^jm  of  which  is  pierced  with  line  holes,  so  as  to 
expose  the  water  to  the  air.  Plana  for  aerating  the  water  distilled  from  sea 
water  have  been  proposed  by  Normandy  and  others,  and  are  used  in  man; 
Btearaers.  Organic  matter,  at  flret  ofiensive  to  tasti:^  and  smell  in  disti 
water,  can  be  got  rid  of  by  passing  through  a  charcoal  filter,  or  by  keepi 
tliree  or  four  daya 

Care  should  be  taken  that  no  lead  finds  its  way  into  the  di8tille<i 


*  Fre^ninji,  Quantitative  AnalyslR,  3rd  edit.  y.  4Sl. 
^  By  some  tjen  duigerous  (Gtirandiu), 
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"       And  tlie  following  descTiption  will  define  theee  terma  : — 

HYGIENIC  CLASSIFICATION  OF  DRINKING  WATERS,                                     1 

Ch»racterftr 
Coiutltaotit. 

1,  Pareaad 

Wboleaome 

Water. 

S.  Uaable 
Water. 

«.  SQuplcioiii 
Water. 

4.  imsmn 
Wat«r. 

•    Remacta. 

ClearneftS*    lus- 

Transparent, 

TranspareDt, 

TBTMd. 

Turbid  ajid  not 

TurblditT,  due  ta  m 

tre^  mud  i«r*- 

sparkling,  wid 

pp«rkltti«,  and 

easily  purliled 

due:  mmeral  inaMi^l^H 

tbo,      .     .     . 

well  aerated. 

wtai  a^i^ted. 

by  coarae    HI- 
tratloD. 

aom<.*t.nieB     ■"■JriljIJj^B 
wirhpure  ^''s^'*^^^^! 
minutely   divfii^^^H 
ciain  sulphate  win^H 
■ubaldc      in     iUm^M 
waUif.                       ^H 

Sofpeaded  mAt- 

Kane  ditectaltlo ' 

Abteat  or  eufly 

Cotistderable. 

Large. 

^H 

ter,  .    .    .    . 

by  Uie  eye. 

•rparable     by 
CKOUM     filtm- 
tlon    or    snb- 
■.idfnco. 

1 

Colotu',    .    .    * 

Coloarlcu. 

Colourlcsi       or 
fttightly  greea- 
Isli. 

YeUo*l»h. 

Distinctly    yel- 
low'    or     any 
marked  ctiloar. 

Wher«    Ibe   taii«il^lH 
moatly    recetaM%ll^ 
coluur     may   bt  IM^H 

Tute, .... 

PaUt«)>le. 

Palatable. 

Any       marked 
Uate. 

Any       marked 
tjutei. 

marked  In  goo4,#|H 

Smelt,     .    .    . 

NOQfl. 

None. 

None. 

Any       marked 
odour. 

■ 

SoUdi    (dtHolv- 

Under  §grB.per 

Under    80   gra. 

Above    SO    gra 

Above    fiO    gra. 

Iji  chalk  waten  of  ifl 

cd):Tot»J,     . 

gal.         (=114 

per  fiL  (=428 

IiergaK(=42M 

per  gal.  (=714 

lat  etmm  the  aolidiP^H 

parts  per  inlL). 

pATtaperinll.). 

parUpermll.). 

parts  per  uill}. 
Above  fl  gra,  per 

re-ach    14    graiH  m^M 

Solids     TolftUle 

Under  1  ijr,  per 

Under  3  gra.  per 

S  to  £  gra.   per 

gallon  <^«IO|«fla|« 

(c«{]able        of 

gaUC=l#piirtft 

Kal.  (:=43parU 

gaL  (=43  to  71 

gal.(=71paru 

miUlonX    Uie    gnviH 

twing       d1«l- 

permll.>. 

per  mii  X 

paHepermll.). 

per  mU.). 

pan  beinir  iKkftmeiH 

p&tttl    br   ret] 

Solids  en  Indno 

SoUdB  may  blac- 

Much    blacken- 

Much   bbickon- 

bonate.                         ^1 

rarkrn    shoutd 

k<Mi  a  little,  but 

ing    on    inti- 

Ingandnitrtios 

In  peat  waters  the  !>>  I 

acrarcely    blac- 

nufuineftshoukd. 

neratlon        or 

fnniea      given 

clnerated    aoltds  mag 

■ 

ken. 

be  given  off. 

nltrcua  fam<?a 
Riven  off. 

off,  or  Bnii^ll  uf 
burnt  hMn. 

blacken  coaaidefiMr- 

1 

CbJorlAB,     .    . 

Under  1  (rr.per 

Under  3  jrm.  per 

Aboru  S  gn.  per 

Above  6  grs-  per 

Water,  allfrhtly  eenlia^ 

I 

gal.(=14part« 

gal,  (=43  parta 

gmL(=:«parta 

B»L(=B«  parts 

Tinted    with   Bea««ss«t 

■ 

prrmtl.). 

per  mil.), 

per  mil.)* 

permlL), 

may   have    a    hifjhir 

■ 

amount  of  chlorine aatlH 

«tlll  b«  uaabk.      ^H 

/ 

Tht^fie  are  gpnenQ|^^^| 

cations  of  pre«1lMHi^| 

NItntci,  .    ,    . 

AhMsnt 

Absent. 

Present. 

Marked.           ) 

mal  conc«ioli»tiaA,liH 

Xltrmfcen,  .    .    . 

Abwnt  or  very 
Mnt  trace. 

PreMnt. 

Marked. 

Larg*.             \ 

they  mBj  oeeailfluflrH 
emne  from    iiniiMiW 

matter.                          IH 

Ojiyffcn  r<?qiitrf  d 

Under  0-07  jfra. 

Under  OlOfi  gTi. 

Above  O-l&.'J  gn. 

Above  0 14  gr». 

The    amount     may    taH 

for   oxMlsatilu! 

per    g«L    {=1 

pt^r  gal.  (=15 

pergiL  (=15 

jjcr  gal.  <=2  0 

gfvutei    io    good  F^H 

orjcmlc     mut- 
tor.dett'rmlnfdj 
hy  perm  ail  ^'a- 

part  per  mil.). 

paru  per  Dill); 

parte  per  mil.). 

parts  per  mil.). 

waters.                          H 

1 

iiAta     Lq    jtre- 

IH 

■encc  of  AC  Id. 

H 

AmroonUi:  fre« 

Under  00014  urs- 

Under  0^)OtS«im» 

Above  D-0C35gTi. 

AbAfcO-OOTOgTi. 

Frankknd'a  ataadu^liifl 

or  udlne,  .    ., 

p*rRal.(=0<W 

pcrpaL(=0^)l5 

p«r  gal.  {^0*05 

per  gal.  (=0-10 

g«o<l  wafer  ia:  1  »« 

■ 

part*  per  miL). 

pdjtn  pf  nnlL). 

parts  per  mil.). 

parts  per  mil.). 

p^rtsper  mmion  of«^ 

1 

Ammotilii:  albn- 

U  Oder  OtK)56  jas- 

Under 0-€070  crs. 

Ab<nreft-0070gm 

AboreO-OlWgra. 

ganlcc»rbon;  a-2psni 

1 

tnlnnld  or  or- 

per gal.  (=0-08 

per  (taL  (=010 

per  gal.  (— O'lO 

pf?rg«l  (=1-16 

per  mi  Ulan  of  orfsnla 

1 

ganic,    ,    .     . 

parts  per  mUO- 

parts  per  ml l.|. 

partja  per  mil). 

parti  per  mil  ). 

nltrogtn.         He     alst 

I 

HATdneai,  fi^ed. 

r  Clark's  icale. 

Undi-r4°ClaTki 

Above  4'  Clark'ji 

Above  6*  Clark's 

gauges  It  by  the  '!jfitM 

»C4ile. 

Bt-flJe. 

scale. 

Tloos  s«;wag«  fl4^^^| 

Met«)no       e<m> 

None. 

Trace  of  Iron. 

Trac*  of  Iron* 

Any    metal   ex- 

Instlon^"   mM  nifl^^^l 

rami  nation,  . 

cept  Iroa 

by  the  nltrogieii^^^H 

Tiyirogen       or 

Abwot. 

Absent 

Abuent. 

Present. 

ing  a»  nitrate*-^^^! 

alkaline     lul- 

1 

1  pan  pt-r  miUiouBHH 

plilitei, .     .     , 
JilerfMeopieelia- 

th(>  limit  of  Inof^vHfl 

Mineral       mat- 

Same ai  Kq»  1, 

Vegetable     and 

Biurteria  of  any 

nltrugen  1n*^re«HoabtnV 

nwtan,     ,    . 

ter:  vegMable 
forrai       with 

mnlmal    forms 
more   or    Iom 

kind!      Fangl; 
n  umtrrous  vegt- 

aaf e  "  wat«raL.                \M 

endnchrome; 

palp    and  co- 
lourleta;  orga- 

tablc and   ani- 

N.B.—rranklsii4*a  nasi-  I 

largo     anlraal 

mal    forms    of 

bem    are     atated    vtrlM 

fornift;    no  or- 

nic        debris; 

low  types;   Epl- 

lOO.OOO,  instead  of  |«r)fl 

fuilc  debrla. 

flbreaof  cloth- 

theUa or  othor 

million.     (S-ee  ''AIwt^H 

ing,   or    other     animal      ahur- 

riinurlori          Cammli-H 

evldence       of    tures;  evidences 

slonera'  Sixth  Be!port,''H 

1 

page  13  and  jisy^.        ■ 

L 

of  paraaltca,  &«. 

' 

^M             Jf jy«— **  P«rta  per  mil/'  tneiui  *'  PafU  per  ctiiUlon,"  equal  to  '*  mllllgraiiuziet  per  litre.** 

34  WATER. 

waters  are  pure  and  soft,  or  wells  or  springs,  within  a  short  distmee,  nif 
vary  considerably  in  composition. 

4.  The  Loose  Sand  and  Gravel  Waiers. — In  this  case  there  is  also  a  ^ 
variety  of  composition.  Sometimes  the  water  is  very  pure,  as  in  the  cam  d 
the  Famham  waters,  and  in  some  of  the  waters  from  tiie  jpreensand,  where  tfe 
total  solids  are  not  more  than  from  four  to  eight  grains  per  gallon,  and  oount 
of  a  little  calcium  carbonate,  sulphate,  and  silicate;  magnesimn  carbonate; 
sodium  and  potassium  chloride ;  sodium  and  potassium  sulphate ;  iron,  lad 
organic  matter.  The  last  is  sometimes  in  some  amount,  viz.,  *8  to  1*8  gnii 
2)er  gallon.  In  tolerably  pure  gravels,  not  near  towns,  the  water  is  oftn 
very  free  from  impurity.  In  the  case  of  many  sands,  however,  which  are  nk 
in  salts,  the  water  is  impure,  the  solid  contents  amounting  sometimes  to  fiftf 
or  seventy  grains  per  gallon,  or  more,  and  consisting  of  sodium  chl<»idi^ 
sodium  carbonate,  sodium  sulphate,  with  calcium  and  magnesium  sahi.* 
These  waters  are  often  alkaline,  and  contain  a  good  deal  of  organic  mate 
The  water  from  the  sands  in  the  ^'Landes"  (Southern  France)  contuis 
enough  organic  matter  to  give  ague. 

5.  Waters  from  the  Lias  Clays  vary  in  composition,  but  are  often  irnpoR; 
even  217  grains  per  gallon  of  mineral  matters  have  been  found.  No  less  a 
quantity  than  88  grains  of  calcium  sulphate,  and  41*8  of  magnesium  sulphak^ 
existed  in  a  water  examined  by  Voelcker.f 

6.  The  C1i43ik  Waters. — ^The  pure,  typical,  calcium  carbonate  water  from 
the  chalk  is  very  sparkling  and  cleicr,  highly  charged  with  carbonic  acid,  and 
contains  from  7  to  20  grains  per  gallon  of  calcium  carbonate,  a  little  magnesium 
carbonate  and  sodiimi  chloride — small  and  immaterial  quantities  of  iron, 
silica,  potassa,  nitric,  and  phosphoric  acids.  Sulphuric  acid  in  combinaticm  ii 
sometimes  present  in  variable  amount;  organic  matter  is  usuaUy  in  smiU 
amount.  This  is  a  good,  wholesome,  and  pleasant  water.  It  is  hard,  bat 
softens  greatly  by  boiling.  I 

7.  The  Limestone  and  Magnesian  Limestone  Waters. — ^These  are  also  deai^ 
sparkling  waters  of  agreeable  taste.  They  differ  from  the  chalk  in  containing 
usually  more  calcium  sulphate  (4  to  12  grains,  or  even  more)  and  leas 
carbonate,  and,  in  the  case  of  the  doloniitic  districts,  much  magnesiiim 
sulphate  and  carbonate.  Organic  matter  is  usually  in  small  amount  Thej 
are  not  so  wholesome  as  the  chalk  waters.  They  are  hard,  and  soften  kn 
on  boiling. 

8.  Tlie  Selenitic  Waters. — Water  charged  with  calcium  sulphate  (6  to  20 
grains,  or  even  more)  may  occur  in  a  variety  of  cases,  but  it  may  sometimeB 
come  from  selenitic  rocks.  It  is  an  im wholesome  water,  and  in  many  persons 
produces  dyspepsia  and  constipation,  alternating  with  diarrhoea.  It  is  hard, 
softens  little  on  boiling,  and  ia  not  good  for  cooking  or  washing. 

9.  Clay  Waters. — Very  few  springs  exist  in  the  stiff  clay ;  the  water  is 
chiefly  surface,  and  falls  soon  into  rivers ;  it  varies  greatly  in  composition, 
and  it  often  contains  much  suspended  matter,  but  few  dissolved  constituents, 
chiefly  calcium  and  sodium  salts. 

10.  Alluvial  Waters. — (Alluvium  is  usually  a  mixture  of  sand  and  clay.) 

*  In  a  shallow  well  (20  feet  deep)  in  the  gravel,  near  Netley Abbey,  the  water  yielded  total 
solids  148*75,  of  which  were  chlorides  86*80,  grains  per  gallon  ;  after  deepening  it  to  90  feet>  and 
passing  through  a  stratum  of  stiff  blue  clay,  it  gave  only  16*8  total  solida.  ana  6*5  of  chlorides. 
[F.  de  C] 

+  In  a  well  fix)ni  Weedon  Barracks,  109  feet  deep,  sunk  in  blue  Lias,  I  found  91  grs.  per 
gallon  of  solids,  bnt  very  little  oraanic  matter.    (F.  de  C.) 

t  Sometimes  the  water  drawn  from  the  upper  part  of  the  chalk  is  really  derived  from  ter- 
tiaij  Band  lying  above  the  chalk.  The  water  contains  less  calcium  carbonate,  and  more 
sodium  carbonate  and  chloridei  and  may  be  alkaline. 
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\j  impfiFe,  witli  caldmn  carboimte  and  «ulphat-e,  magnesdum  sulphate, 

chloride  and  carbonate,  iron,  silica,  and  often  much  organic  matter. 

nally  the  organic  matter  oxidises   rapid! j  into  nitHtes,  and   if   the 

It  of  sodium  chloride  is  laige^  it  might  b«  supposed  that  the  water  had 

ntaminated  with  sewage.     The  amoimt  of  sotida  per  gallon  Taries  from 

\  1 20  graina,  or  even  mora 

I  Hur/ace  and  Sulm>tl  Water. — Very  variable  in  composition,  but  often 
impure,  and  always  to  be  regarded  with  suspicion.  Heaths  and  moors, 
Smitive  rocks^  or  hard  millstone  grit,  may  supply  a  pure  water,  which 
'  however,  be  sometimes  slightly  coloured  with  vegetable  matter. 
.ted  lands,  with  rich  manured  seals,  give  a  water  containing  often  both 
itter  and  salts  in  large  quantity.  Some  soils  contain  pota^ium, 
~  magnesiimi  nitratea,  and  give  up  these  salts  in  large  qmintity  to 
is  the  case  in  several  parts  of  India,  at  Aden,''and  at  Kassick  in 
( Haines),  In  towns  and  among  the  habitations  of  men,  the  sur- 
and  the  shallow  well  water  often  contain  large  quantities  of  calcium 
Q  nitrites,  nitratea,  sulphates,  phosphates,  and  chlorides.  The 
rm  this  case  probably  arise  from  ammonia,  ammonimu  nitrite  being 
rmed,  which  dissolves  largo  quantities  of  lime.  Organic  matter  exists 
lAigB  amount,  and  slowly  oxidises,  forming  nitric  acid  and  ammonia.* 
coooa  butyric  acid,  which  often  unites  with  lime,  is  also  fonued. 

Wtker* — Tliis  always  contidns  a   large  amount  of  vegi'taltle 
;  it  is  not  unusual  to  tind  from  12  to  40  grains,  and  in  some 
en  more.     Suspended  organic  matter  is  also  common.     The  salts  are 
ie.     A  little  calcium  and  ^odiunL,  in  combination  with  carbonic  and 
ic  acids  and  chlorine  are  the  most  usuaL     Of  course,  if  the  marsh  is 
one,  the  mineral  constituents  of  sea-water  are  present  in  varying  pro- 

firtm  Gram-pards, — Ammonium  and  calcium  nitrites  and 
sometimes  fatty  acids,  and  much  orgaiuc  matter,  Lefort  found 
water  at  St  Didier,  more  thim  330  feet  from  a  cemetery,  to  be 
r  contaminated  with  ammoniacal  salts  and  an  oiganic  matter  which  was 
en^potatiniu  The  water  was  clear  at  first,  but  had  a  vapid  taste,  and 
\j  became  putrid. 

^ffostoil  Weil  iro/er.—The  composition  varies  greatly.  In  some  cases 
is  so  highly  charged  with  saline  matter  as  to  be  umlrinkable ;  the 
of  the  Artesian  well  at  Gtenelle  contains  enough  so^lium  and  potassium 
ates  to  make  it  alkaline ;  in  some  cases  the  water  contains  iron  in  some 
t ;  in  other  cases,  especially  when  drawn  from  the  lower  pirt  of  the 
or  the  greensand  below  it,  it  is  tolerably  pure.  Its  temperature  is 
y  high  in  proportion  to  the  depth  of  the  welL  The  aeration  of  tlie 
is  oflen  moderate,  sometimes  nil  These  last  two  points  rather  militate 
"  tlie  employment  of  water  from  very  deep  wells. 


Behmidt  (qaoted  by  Roth  And  Lex)  h&s  giireQ  tlie  following  oompir&tive  A^ysii  of  Uie 
■^Dorpit:— 

The  luiinnki  ««t«r  Tlie  w»t«ror  Vb» 
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15.  Wat^rfrmn  WfiU  near  the  Seau*—Th^  often  contains  bo  miicliid^l 
matter  as  to  taste  quite  braokkh,  although  the  organic  matter  mmj  ]4^| 
VLjry  large.  In  some  aampleja  from  Shoeburyiiesa  (analysed  at  NeUej^^H 
toUil  isolids  ranged  from  104  to  218  grains  per  gallon  of  total  8olid|]^B 
chlorides  beitig  from  22  to  65  i  mean  of  six  samples — 165  total  solidiiUd^H 
of  cliloride8.  In  one  sample,  however,  the  albuminoid  ammonia  waa  ^^| 
0*07  per  million^  and  in  live  the  oxygen  required  for  organic  mattcr^H 
under  0*75  per  million.  ^H 

16,  Rain  Water  may  bb  contaminated  by  washing  the  air  it  falls  tlil^H 
but  more  by  the  surface  on  which  it  falk,  sueh  as  decaying  leaves  of  ^^| 
matter  on  the  roofs  of  houses  ;  it  also  takes  lead  from  lead  coating  ami  pqH 
and  mic  from  zinc  roofs.  I 

2.  Impurities  of  Transit  from  Source  la  BeaervofTM.  I 

Open  conduits  are  liable  to  be  contaminatcil  by  surface  wasliings  ca2nil|l 
ifiL  finely  divided  clay,  sand^  chalk,  and  animal  matters  from  cultivated  liflbl 
and  the  leaves  and  bmnches  of  trees  add  their  tontingent  of  vegetable  mi^^l 
These  imparities  may  occur  in  most  cases,  but  in  addition  the  refiB^| 
houses,  ti^es,  and  factories  ia  often  poured  into  rivers,  and  all  80ll|^H 
matters  are  thus  added,  ^^t 

These  impurities  are  broadly  divided  by  the  Kivers  Pollution  CoiaiiiJi*] 
Bionen**  into  ^*  sewage  "  and  **  manufacturing ; "  under  the  former  term  all  vM  I 
and  liquid  excreta,  house  and  wtiste  water,  and  in  fact  all  impurities  oomfflfl 
from  dwellings  are  included  ;  under  the  latter  term  are  placed  all  manufftdS' 
ing  refuse,  such  as  from  dye  and  bleach  works,  tanneries^  pvpor-maluiiji  I 
woollen,  silk,  and  niettd  works,  &c.t 

The  very  numerous  animal  and  vegetable  subfitanoes  derive<l  fix>m  habits 
tions  are  usually  classed  under  the  vague,  but  convenient  term  of  **  ofgidiiB 
matter,"  as  the  separation  of  the  individual  substances  is  im  jxissible.  Tfct- 
orgsmic  matter  m  usually  nitrogenous,  and  Frankland  has  prc»p09ed  to  exptcfli 
its  amount  in  terms  of  its  nitrogen  (organic  nitrogen),  but  this  view  ia  hq^^ 
generally  received  on  account  of  the  difficidty  of  estimating  the  very  I^H 
quantity  of  nitrogem  The  nitrogenous  organic  matter  imdei^goes  gl^H 
tranBformation,  and  forms  rdtrous  and  nitric  acids  and  ammonia.  Thd^H 
steps  of  this  process  are  perhaps  coinplicateiL  On  keeping  the  watti^H 
nitrites*  disappear,  and  in  some  cases  the  nitrates  also  gradually  diminiabj^l 
hapis  from  the  action  of  bacteria.  A.  Miillerl  found  the  residue  of  a 
water  gave  with  soda  hydrate  a  herring-like  odour,  which  seemed  like  trimethj^, 
Limine. 

Many  of  the  "organic  matters"  in  water  are  not  actually  dissolved, but 
80  tint^ly  sus[)ended  that  they  pass  tbrough  filtering  paper.  Thei-e  is  no  douhl 
that  among  this  **  sus]>ended  organic  matter  "  many  small  plantj*  and  animjdi 
are  always  included.  It  is  probably  owing  to  the  variation  in  the  quantity  of 
suspended  organic  matter  (living  and  dead)  that  water  from  the  same  sourca 
aometimes  gives  diflferent  n\suru  on  analysis,  even  though  the  water  be  takeQ 
at  the  same  time.  During  its  flow  in  open  conduits,  however,  a  species 
purification  goe^  on»  by  means  of  subsidence,  the  action  of  water-plants,  am 
to  some  moderate  extent  Ijy  oxidation.  On  the  whole,  these  processes  appeil 
in  India  to  render  river  water,  in  spite  of  all  the  contaminations  it  receive^ 


•  For  a  gcofl  exEiinple  of  tlie  influenct^  of  ii  tidal  river  oil  neighbouring  weUs,  see  my  *'  Leetttnl 
on  State  Medicine/'  Table  x,  p,  91.     [F.  «le  C] 

f  For  a  full  account  of  all  tht^Kt^  impurities,  ami  tb»  l>ej^t  nifKle  of  dealing  with  them, 
lix  FU'piiris  of  the  Rivers  Pollutfou  Commiaaionera  must  be  referred  to. 

^  Ruth  and  Lex»  Militftr-Geauudheitapll.  p.  Id 


^get  few],  and  what  csk»  is  necessary  not  only  to  place  the  ciBtem  nndcr 
ODtiitio^s  at  first,  but  to  examine  it  from  time  to  time  to  detect 
lination  of  the  water.  In  India,  esjjeriaJlyj  the  tmik  Wfiter  Ls  often  euii- 
jled  by  clothes  washed  near,  or  actually  in,  the  tank ;  by  the  paasa^'e 
f  excrement  directly  into  itj  as  well  as  by  surface  washings,  so  tbi\t  in 
.  some  cases  the  village  tank  is  one  of  the  chief  causes  of  the  sickness 

people*  There  is,  perhaps,  no  j>oint  on  which  the  attention  ol  thft 
|y  officer  should  be  more  constantly  fixed  than  that  of  tlie  stumge  of 
either  on  the  large  or  small  scala 

piiftllow  wells  (4  to  30  feet  deep)  the  soakage  water  from  the  ground  in 
IDils  of  chalk  and  sand  is  often  very  irnpm^.     Thus  in  a  town  the  well 

often  shows  evidence  of  nitrites  and  nitrates  and  anmionia,  and 
arine  far  in  excess  of  river  water  in  the  neigh Ixjurhood,  though  the  stratti 
I  eame-ll  Occasionally,  by  constant  passage  of  the  water,  a  channel 
bed,  which  may  suddenly  discharge  into  the  well ;  and  some  of  the  cases 
den  water  poisoning  have  thus  arisen. 

^  drains  an  extent  of  ground  about  it  in  the  shape  of  an  inverted  cone, 
)ea  must  depend  on  the  soil ;  in  very  loose  soils  a  well  of  GO  to  80  feet 

Erhaps  drain  an  area  of  200  feet  in  diameter  on  the  surface,  but  tliia 
I  considered  as  only  a  rude  estimate.  Professor  Ansted  atates  that  the 
I  (non 'Artesian)  well  will  not  drain  a  cone  which  is  mfue  than  half  a 
I  raiiius, 

bme  cases  a  well  at  lower  level  may  receive  the  drainage  of  surrounding 
kwing  down  to  it  frtim  great  distances.  Good  coping  stones,  so  as  to 
kirom  ginface  washings ;  good  masonry  for  several  feet  below  the  surface 
li  in  reijloom  soils,  so  as  to  prevent  superficial  soakage,  are  netwfssary 
^hallow  wells. 

4.  Impurities  of  Disfrthutwn. 

.ter  is  distributed  by  hand,  i>,,  by  water-cart«,  barrels,  or  skins^  there 

ly  a  great  chance  of  its  being  fouled.     In  India,  where  the  water 

iyearriad  by  water-carriers  (Bhisties),  inspection  of  the  carta  or  skins 
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eliouH  be  systematicjilly  made,  and  whenever  it  be  possilile,  pipes  should  bil 
Riibistituteil  for  tlie  md«  mt^thod  of  hand  conveyaniMi.     But  even  pipes  mif I 
contaminate  water ;  metiib  (lead  and  ir^jn)  may  be  partly  dissolved  ;  wocd  1 
rots,  and  if  the  pifMjs  are  occasionally  empty  impure  air  may  be  drawn  inlo 
them,  and  be  aftorwarda  absorbed  by  the  water.*     I  have  been  informed  tj3il| 
in  towns  supplied  on  the  constant  system,  when  the  pipes  are  becoming  eiii|lf  I 
the  flow  of  water  from  a  tap  has  drawn  foul  wat^r  or  air  tluough  a  pipe  it 
some  distance,  and  in  this  way  even  the  water  of  the  mains  has  been  beloulfi 
Coal  gas  passing  into  the  ^onntl  from  leaking  of  gaa  pipes  sometiiiieft  fiadi 
its  way  into  wells,  or  even  into  wnter  pipe^,  though  examples  of  this  kioi 
muist   be   rare.     In   Berlin,  in    1864,    out   »>f   940   public   welLa,    39   wm 
contaminatetl  by  admixture  with  coal  gas.     A  good  instance  is  ^related  by  Mr  . 
Harvey^t  where  the  main  pipes  were  often  empty  and  gas  penetrated  inlN 
them.     Having  regard  to  the  cases  in  wliich  gases  from  the  soil  (from  leakion 
gas  pipes,  sewers,  cS:c.)  Hnd  their  way  into  water  pipes,  it  would  seem  imporlJ 
ant  not  to  lay  down  water  pipes  near  any  other,  or,  what  is  better,  have  aUI 
pipes  in  sub -ways  where  they  can  be  inspected.  J 

SECTION  IIL  I 

PURIFICATION  OF  WATER,  ^J 

Witho^d  FiltratioTU  ^^H 

1.  ExposttTt  to  Air  in  dmded  Currents.— This  was  a  plan  proposed  by  lindr 
for  the  water  of  the  African  west  coast,  more  than  100  years  ago,  and  fre- 
quently revived  flince.  The  water  is  simply  jwured  through  a  sieve,  or  a  tin 
or  wotxlen  plate,  pierced  with  many  small  hok-B,  so  as  to  cause  it  to  fall  m 
finely  divided  streams,  or  a  hand-ptmip  is  insertetl  in  a  cask  of  water,  and  the 
water  is  pumped  up,  and  made  to  fall  through  perforated  sheets  of  tin.  It 
soon  removes  hydros ulphuric  acid,  offensive  organic  vapiurs,  and,  it  is  said, 
dissolved  organic  matter.  The  same  plan  has  been  useti  in  Kussiii  on  a  large 
scale,  the  water  being  allowed  to  fall  down  a  series  of  ste|)s,  passing  thiongli 
wire  gauze  as  it  doe^  so.  In  Paris,  also,  it  has  been  employed  on  the  small 
scal& 

2.  Boiling  and  Agitation. — This  plan  gets  rid  of  calcium  carbonate,  iion  in 
parti  and  hydrosidphuric  acid,  and  lessens,  it  is  said,  organic  matter.  It  is 
uncertain  how  far  boding  will  devStroy  the  poisons  of  the  sf>eeific  dLseasesL  It 
will  not  de^Htroy  htieteria,  or  at  lea^t  their  germs  still  live,  and  Lex  f oniid  somt 
bacteria  still  moving  rapidly,  at  a  tem^terature  of  127°  C*  J  Most  fiingui^ 
spores  are  killed  by  boiling.  ^| 

3.  Alumimtus  Salts. — Alum  has  been  used  for  centuries  in  India  and  Cliiiui^ 
to  purify  water  from  suspended  matters.  It  dw^  ibis  very  efTectually,  if  there 
be  calcium  carbonate  in  the  water ;  calcium  sulphate  is  found,  and  tliis  and  a 
bulky  iduminium  liydmte  enUingle  the  Heating  jmrticles  and  sink  tf> 
the  bottom.  Mx  Alfred  Binl  has  propjsed  aluminium  tersulphat^a,  which  is 
equally  efficacious ;  it  is  an  acid  iitixiid,  containing  about  "4  groins  of  the  sul- 

•  Coses  of  thi«  sort  are  fpven  in  the  report*  of  the  medical  officer  of  the  Privy  CoudcQ  Na 
IL  new  series.  See  Dr  Bloxall  on  fever  at  aiierbome,  Dorset,  and  Dr  Buchanan  on  the  fe^^erit 
Caiu«'  College^  Canibridge.     In  the  latter  case  fmd  irapwaUr  was  sucked  in  from  the  cloaeta. 

+  Yo(n\,  Water,  mA  Air,  Febmary  1 872,  p.  68. 

*  It  fteems  iraproUable  that  any  germ  or  organism  should  resist  the  temjM?niturB  of  boiling 
water,  il'  every  part  of  it  he  thoroughly  heated  to  that  point.  The  apparent  re«tstance  may 
perhaps  he  due  to  some  fpheroidal  oondiUon  the  oi^^otii^m  may  be  capahk  of  aasuming,  Sander* 
Kon  puts  the  death-pomt  of  oommon  septic  Bacteria  lat  about,  110*"  C  or  23Q'  F»     (F.  de,  C-) 
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acid,  it  causes  almost  all  the  calcium  carbonate  previously  and  newly  fonnej 
to  l>c  tlii'own  do\ra.  It  also  throws  down  suspended  ami  perhajis  dissolre»l 
oi-gaoic  mattei-s,  and  also,  it  is  said,  iron.  It  does  not  touch  calcium  and 
niagne^simu  sulphate  and  chloride."* 

5.  SodiUTii  Carbonate^  with  boiling,  thi-ows  down  lime,  and  possibly  a  little 
lead,  if  present. 

6.  Addition  of  FoicLssium  or  Sodium  Permanganate  {Condy's  red  fluid).— 
I  have  made  some  experiments  with  pure  Condy's  fluid  to  determine  theraluf 
of  i\\i\  permanganate.  It  certainly  rtiailily  removes  the  smell  of  sulphuretted 
liydtogen  and  the  peculiar  offensive  mlour  of  impiue  water  which  haa  been 
kept  in  caskis  or  tanks.  If  it  forms  a  preLiij)itate  of  manganic  oxide,  it  alsti 
carries  down  susp(.'udrd  niatt^^Ts ;  but  the  formation  of  this  precipitate  is  ven 
unci^ertain.  Tlie  action  on  the  disaolved  organic  matters  will  of  course  Tan 
with  the  nature  of  the  substance  j  somejof  the  organic  matters,  both  aminal 
and  ve^rtabh^  will  be  oxidised  ;  f  hut  it  will  not  in  the  eoM  act  even  uptm 
the  wliole  of  th^?se  substances,  and  some  organic  matters  are  not  tcjuched. 

One  objection  to  the  use  of  the  penoanganate  is  that  it  often  communicatee 
a  yellow  tint  to  the  water,  arisuig  from  suspended  finely  divided  fieroxide  of 
manganese.  This  is  probably  of  no  moment  as  far  as  health  is  concemwi 
but  it  is  unplejisant,  Sometimes  the  addition  of  a  little  aliun  will  carry  down 
this  suspended  mater  j  boding  may  bo  used,  but  often  has  no  effect  Sometimes 
nothing  removes  it  but  charcoal  filtration. 

The  imlications  for  the  use  of  permanganate  are  the^a  In  the  case  of  ftnj 
fold-smelling  or  susjiected  water,  add  good  Condy's  fluid,  teasponfiil 
Ijy  teaspoonful,  to  3  ov  4  gallons  of  the  water,  stirring  constantly,  Wlien  the 
least  i>ermti!ient  pink  tint  is  perceptible,  atop  for  five  minutes ;  if  the  tint  i* 
gone,  add  36  drops,  and  then,  if  necessary,  30  more,  and  then  allow  to  stand 
ifor  six  hours  ;  thtm  aihl  for  each  gallon  6  grains  of  a  solution  of  (jrystaUiijed 
alum,  and  if  the  water  is  very  soft,  a  little  calcium  chloride  and  sodium  car- 
bonate, and  allow  to  stand  for  twelve  or  eighteen  hours.  If  not  clear,  or  if 
discoloured,  filter  through  charcoal 

There  are  many  cases  in  which  this  plan  may  be  useful ;  and  as  the 
permanganate  certainly  removes  smells  and  oxidises  in  the  cold  to  some  extent, 
it  is  a  vtiry  good  intrewluction  to  the  alum  procass,  and  does  work  which  alum 
alone  will  not  do.  But  it  cannot  be  considered  a  complete  purifier  of  water 
from  all  organic  matters.  Its  oxidising  power  is,  however,  very  useful  in 
cleaning  filters,  as  will  bo  presently  noted, 

7.  Penddoride  of  Iron. — It  has  been  found  that  the  water  of  the  Maas  in 
Holland,  which  m  turbid  from  clay  and  finely  suflpcnded  organic  matters,  and 
gives  rise  in  conseipience  to  diarrhoea,  is  completely  purdied  by  perchloride  of 
iron  in  the  proiiortion  of  about  2 J  grains  of  the  solid  perchloride  to  1  galltm 
uf  water.  I 

Uat  of  the  JStrtfcIium  potatorum. — In  India  the  fruit  of  the  Strychnm 
potatorum  is  used,  especially  by  the  b^itter  class  of  Hindoos,  to  purify  water. 
It  is  beaten  into  a  paste,  and  rubbed  on  the  inside  of  the  water  jar  or  ca^ 
I)r  Mouftt  informs  me  that  it  is  chiefly  used  for  the  river  water  at  the  season* 
when  it  is  laden  with  silt,  and  that  about  30  grains  are  used  for  100  gallons 
of  water,  which  act  in  twenty-four  houra     Its  action  appears  to  bo  on  sns- 

*  Tim  plan  iios  been  recently  tried  with  grent  Buccess  on  &  large  iicale,  as,  for  uistimcej  in  tb« 
Colne  valley  water  works. 

t  1  Imve  not  l>een  able  to  satisfy  myself  that  T  could  detect  either  nitric  or  aitroua  «cid  after 
the  trf5fttrii«nt  of  dissolved  sewage  by  alkaline  premaogsnate.  According  to  Schuixe  oxAlk 
acid  is  lonned. 

X  Chemical  News,  May  1869,  p.  239. 
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The  Londun  water  companies  usually  employ  a  depth  of  S  to  5  feet ;  m  tM 
latter  case,  the  upper  etratum  of  18  inches  or  2  feet  i^  compoeed  of  aand^l 
lower  3  feet  are  made  up  of  gravel,  gradually  iucreaekig  in  ooatsenesB^  ^| 
pieces  the  size  of  a  small  pea  and  bean  Uy  that  of  a  middle-eused  poUlUik^| 
i^attiin  of  oyster  shcIlB,  about  1 1  inch  in  thicloiesa,  has  been  used  by  ^| 
CO nij sanies  instead  of  a  layer  of  gravel,  but  thu?  plan  is  not  general  ^H 
^ti^T  18  3  feet  in  thickuesii;  the  upper  15  inches  are  sand,  and  the  low«H 
Ibi  he.s  are  graveL 

The  prti^asuitj  of  water  in  thc^e  filk^rs  is  not  great ;  the  depth  of  the  water  i 
never  above  2  feet,  and  some  companies  have  only  1  foot ;  from  70  to  '3 
gallons  is  the  usutd  quantity  which  should  pass  through  in  24  houis  for^fc 
square  foot ;  but  some  companies  filter  more  quickly »  viz,,  at  the  ni»  fl 
gallon  per  24  hours  for  each  square  inch,  or  1 44  gallons  per  square  fof*t 

The  sand  should  not  be  to(»  fine  ;  the  sharp  angular  particles  are  the  Iwl 
Tlie  action  &eeni8  cliiefly,  perLaps  altogether,  mechanical;  the  feii  i  i  ' 
inqiurities,  both  mineral  auil  organic,  rub  uixin  and  adhere  t^^  the  an^.-  *  .i.. 
plane  siirfat'eH  of  the  sand,  which  aro  gradually  encruskni,  and  aft«r  a  ccfid 
time  the  wmil  has  to  be  cleaned.  The  eti'ect  on  suftpeiided  matters,  \M 
organic  and  mineral^  ifi  certairdy  satisfactory.  On  dissolved  organic  huHh 
is  less  so.*     Mr  Witt's  exi>eriments  show  only  a  removal  of  about  5  pef^l 

I  have  made  some  experimeiit^i  on  a  sand  filter  of  1  square  foot  fiorfaiae^l 
made  in  iniitation  of  a  London  water  company's  filter,  viz.,  15  inches  ofH 
well-washed  white  sand,  and  20J  inches  of  gravel,  gradually  increaaiog  il 
coarseness.  The  first  eight  gJillons  were  thrown  away,  so  as  to  avoid  the  filkcf 
of  iricludiug  tlie  dif^tilled  water  with  which  the  saiul  had  been  washed 

This  sand  filter  had  the  following  eflect,  as  shown  by  the  table  : 


It  took 

away 

tlireeHiuark^rs  of  the  colour. 

It  lessened  the  total  solids  by         .         .         ,         , 

7-063  grains. 

%t 

»} 

mineral  solids  by    . 

4703       „ 

a 

»» 

volatile  solids  by    .         ,         ,         , 

2-36    ;: 

» 

*» 

totid  amount  of  oxygen  required  for 

oxidation  by  nearly  half,  or 

•1546    „ 

»♦ 

n 

harilness  by    ,          , 

4' '61 

» 

»> 

chlorine  by     . 

0-6 

«i 

»> 

frt'e  ammonia          .         .         *         . 

'0042 

}> 

jj 

albmninoid  ammonia       .         ♦ 

•0126 

» These  experiments  also  showed  that  the  effect  of  the  sand  in  arresting  limn 
ealte  was  limited ;  it  stopped  organic  matter  after  it  had  ceased  to  arrest  lijui. 
After  a  longer  time  it  became  useless,  and  required  wtL<ihing. 

It  is  y<»t  uncertain  wlicther  the  action  of  siind  on  organic  matter  is  at  iS 
chemical,  i.e.,  whether  the  orgnnic  matter  is  oxidised  in  its  transit ;  consideiiitf 
whitt  an  amount  of  air  is  contained  in  the  interstiiMBs  of  mmd,  and  bow  finelv 
the  water  is  divided  in  its  transit,  some  amount  of  oxidation  is  probable,  hut 
giHid  cheraicid  e\4dence  is  yet  wante<L  Mr  Shield  s  experiments,  given  in  tbr 
note,  seem  to  mo  opjwsed  to  the  probability  of  much  chemical  action-  Ou 
dissolved  mineral  matters  sand  exerts  at  firsts  and  when  in  thick  layers,  a  mx4 


will  be  tound  m  a  work  called  "  Tbe  Water  Worka  of  Loudon,'*  by  Mesara  Colburn  Jt  Shiv 

•  In  a  Rami  whI  gravel  filter,  33  inches  In  tMcknww,  Mr.  Shield  (Proc.  Inst,  of  Clfi]  fij- 
gine*f«  for  18b7) ;  given  tlie  foVl owing  nuiribers :— Thu  original  amount  of  orpin ic  mntter  beinf 
•8tH>6  jHT^'ii'*  P^^  gallon,  the  amount  after  filtration  wm  u  follows— after  2S  houra  itcUt, 
1012  ;  alter  HO  bonus,  048  ;  atier  240  hours,  '917  j  after  876  bonn*,  809.  So  that,  wfiiie  t« 
the  whole  tbe  sand  ramuTod  loiiie  organic  iiiatUr,  the  oiuount  waa  really  moouolder^blo. 
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ITiua*  Mr  Bpne*  has  shown  that  with  a  filter  of  charcoal  weighing  4f  lbs, 
through  which  12  galloDs  of  wat*?r  (containing  10*8  grains  of  organic  matter 
jMjr  g-iUon)  were  passed  in  24  hours,  the  purifying  effect  was  equal  to  a  remo^ 
of  55  J  per  cent  of  the  organic  matters  from  the  first  gallon,  but  this  graduallj 
declined  until  at  the  fourth  gallon  only  1  '33  per  cent  waa  removed,  and  at 
the  eighth  gallon  the  action  was  reversed,  and  organic  matt(^r  was  given  h&3t 
to  the  water.  Exception  has  been  taken  in  two  ways  to  this  experimflnt— 
firat^  as  regards  the  chemical  proof  of  the  organic  matter,  ami  socondiy,  is  to 
the  inference  drawn  from  the  experiment  As  regards  the  finst  point 
it  appears  tc*  me  difficult  to  set  aside  Mr  Byrne^s  fact^  and  I  tliink  they  muil 
be  accepted  ;  as  regards  the  second  point,  insteaii  of  the  animal  charcoal  exert^ 
ing  no  action,  it  might  have  been  simply  called  on  to  do  more  than  could  U 
exjiected ;  for  the  purifying  efi*ect  of  no  substance  is  inexhaustible,  f  Thk 
supposition  does  not  appear  probable,  however,  as  only  43  grains  of  organic 
matter  had  gone  through  4|  lbs.  of  charcoal  before  Uie  purifying  power  of  Uu 
charcoal  was  virtually  exbaU6te4.  The  inference  from  Mr  Byrne's  experir 
ments  is  supported  by  a  statement  by  Mr  Chapman,  I  who  recovered  froa 
charcoal  the  amount  of  organic  matter  which  had  been  previously  removed  h 
it  from  a  water.  This  would  almost  seem  to  settle  the  pointy  were  it  not  that 
there  is  strong  and  apparently  indisputable  evidence  on  the  other  sida  In 
the  debate  on  Mr  Byrne  s  paper,  both  Dr  Lethehy  and  Dr  Frankland  brought 
forward  facta  to  show  that  animal  charcoal  not  merely  arreste  but  cbcmicaUy 
changes  organic  matter,  and  that  this  power  is  retained  for  a  long  time.  Thus 
Dr  Lethehy  obtained  some  charcoal  which  had  been  in  use  for  two  yeara^  and 
through  which  it  was  calculated  292,000  gallons  had  passed.  The  cbarooti 
still  deprived  water  of  colour  and  of  organic  matter,  as  judged  of  by  pennaxK 
ganate  and  distillation  with  potash  for  ammonia.  The  charcoal  being  then 
analysed,  gave  the  following  results  :— 

4  ounces  from  hjp  of  filter  gave  ^321  grains  of  ammonia, 
„         „      middle         „        -162         „  „ 

„         „      bottom         „         '240         „  „ 

The  organic  matter  had  not  then  accumulated  ;  what  had  become  of  it  1  Water 
with  organic  matter  having  jwissed  through  this  old  charcoal,  nitrites  appeared 
in  the  filtrate.     It  had  therefore  been  oxidised, 

Dr  Fraidiland's  ex]>eriments  were  made  on  water  containing  8malh|uantities 
of  organic  matter,  but  sliowed  permanence  of  action  after  5000  gallons  had 
gone  througlu 

Taking  these  experiments  in  connection  with  the  older  experiments  of 
Witt,  which  showed  a  removal  of  88  per  cent  of  organic  matter,  and  with 
those  of  Gftultier  de  Claubry,  and  with  the  numerous  experiments  on  charcoul 
filters,  the  reading  of  the  facts  seems  to  he  that  charcoal  must  have  a  chemical 

*  PFOoeBdtngs  of  tbe  InntttutioD  of  CItII  GogineerB  for  1S67. 

T  From  erperinifititff  at  Netley,  conducted  by  Mr  Mylvester,  Apothecary  to  the  Forces^  ft  wu 
foimd  easy  to  foml  charcoal  by  pas:<;in^  thmiiph  it  a  stronp  solution  of  oi^anic  matter  ;  but  fc5» 

ower  was  etuHJly  rentortjd  by  clean«»mg  the  filter  with  a  little  potassiuni  i^wriimtiganate.  Tlw 
cesBalioo  of  power  miujt  depend  u|>od  thts  relative  amouot  of  the  organic  matt«r  and  chArco«lt 
but  the  quantitative  relations  were  not  fl«ttled. 

Z  M&d«  in  the  debate  on  Mr  Byrne's  psp«r.  See  Proceedlnga  of  the  InstitutioD  of  Qfil 
£^tiieers  for  1867.  Mr  Shidd^a  expcrimeata  on  charcoal^  the  h  120  of  walnnt«,  recorded  b 
the  Mine  debtte^  give  the  following  result  :■— 

OrigUul  water.    After  67  bouri.    After  91  hours.    After  115  honn.    After  1S9  buWi. 

^^iri.:^;}  ^-^      -^^s       -478       -m       ^n 
**iiisjisr"'}  -     ^^'^^^     ^'^^     ^^^^     ^2'^^ 

GhtMCMd  in  granulea  did  not  aet  quite  so  well. 
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well  m  a  mechamcal  effect,  but  that  the  lunite  of  purification  are  sooner 
reached  than  w««  supposcid,  if  the  organic  matter  be  krgi?,  so  that  a  more  fre* 
quent  cleansing  is  required.  When,  however,  the  anniuut  of  organic  matter  is 
email  (under  I  or  2  grains  per  gallon),  the  action  is  very  permanent  Dr 
f  rankland  baa  suggested  that  there  may  be  two  kinds  of  oi^ganic  matter  m 
water,  one  of  which  is  not  acted  on  by  charcoal* 

V€{ffifMp  and  Peat  Cfmrcoal — The  efl'ect  of  both  these  is  decidedly  inferior 
to  animal  charcoal  t  (Frankland  and  Byrne). 

Sea^eeed  Charcoal  is  said  to  be  efficacious. 

from  umd  Charcoals — Animal  charcoal  mixed  with  apongy  iron  obtained 
from  the  refuse  of  copper  pyrites  is  a  very  good  purifier ;  also  spongy  iron  in 
combination  with  coarse  sand  and  p^Tolusite. 

Dumejttie  Filters, — On  a  small  scale^  a  number  of  snhstances  have  been 
u§o<l,  such  as  animal  and  vegetable  charcoal  matle  into  blocks,  or  fine  silica 
impregnated  with  charcoal  (silicated  carbon  filters),  hoBmatite  and  magnetic 
iron  ores,  the  ao-called  magnetic  carbide,  spongy  iron,  manganic  oxide,  flannel, 
wool,  sponges,  porous  sandUtonea  (natimil  and  artificial)^  &c. 

The  Souchon  filters,  w^hich  are  much  employed  in  Paris»  are  made 
of  diaphragms  of  wool,  which  is  jxartially  tanned  by  boiling  in  solotion  of 
alum  and  cream  of  tartar,  then  dyeing  in  infusion  of  gall-nuts,  and  washing  in 
aohition  of  sodium  carbonate.  The  filter  of  M.  FonvieOe,  also  used  in  Paris, 
10  compoeed  of  nine  layers  of  sponges,  pjunded  8and8U>ne,  and  gniveL 

The  beat  filters  now  in  the  market  are  made  either  of  animal  charcoal,  of 
the  Bo-calied  magnetic  carbide  of  iron,  or  of  B|>ongy  iron,  I  have  examined  a 
number  of  filtera  of  this  kind,  but,  for  obvious  reasons,  I  do  not  wish  to  give 
either  the  names  of  the  makers  or  the  tabular  results.  I  found,  however,  that 
in  most  caaee  the  action  was  very  satisfactory.  J^uspended  matters  were 
almofit  eintirely  removed,  and  a  considerable  amount  of  dissolved  organic 
matters  was  also  taken  out,  and  the  action  seemed  to  continue  if  no  excessive 
impurity  was  used.  Individual  filters,  even  from  the  same  maker,  differ  in 
their  action  ;  but  on  an  average  there  is  no  charcoal  or  magnetic  carbide  filter 
now  in  the  English  market  which  cannot  be  rehwl  on  to  remove  40  per  cent, 
of  dissolved  organic  matter,  and  in  some  cases  it  if  much  more  ]%  the  amount 
of  nitrites,  ammonia,  and  of  hardness  (chietiy  carbonate  of  lime)  is  also 
lessened,  and  chloride  of  so^lium  is  arrested  by  several  filters  to  some  extent. 
On  the  whole,  a  very  useful  purifying  etiect  is  prodace<l  even  on  dissolved 
matters,  and  it  is  harilly  conceivable  that,  in  the  best  charcoal,  carbide,  or 
spongy  iron  domestic  filters,  any  ova  or  even  smaDer  Hving  sul>8tance  could 
paas  through.} 

Cleansing  of  Fxlten^ — But  there  is  a  limit  to  all  pimfying  p>wers,  and  the 
action  of  all  filters  is  therefore  temporary.  ||    After  a  time,  which  depends  on 

•  The  condition  of  the  orgAnic  matter  w  also  Lmportant,  for  it  h*i  been  shown  tbut  (hjah 
albttmen  pUMi  through  uDcimng«d,  whilst  al>oat  !)5  per  cvnt.  is  arrested  whtan  it  haa  begun  to 
d*ooiDpo«e.    (See  note  by  Br  J.  L,  Notter,  Sanitary  Itccord,  Oct  J87d,  p,  288.) 

t  Fnmkland,  indeed,  scemi  to  conAider  wood  charcoal  luelcM.  (Proceeding  of  Inst.  Ci?]l 
Ettgineerf,  1867. )    Debate  on  Ur  B3Ti]e  'i  paper. 

♦  I  examined  six  ftlters  from  one  maker,  and  found  tbu  «Yenige  removal  of  organ k  sewage 
matter  to  be  Ti*6  per  cent  ;  the  greatest  being  &6,  and  the  ]eaat  M'2  per  cent.  Tlie  action 
was  alio  fairly  pemuinent,  tbongli  cleansing  was  sometimes  necessary, 

I  It  ii  ririit,  however,  to  caU  attention  to  the  remarks  in  the  slxtb  Report  of  the  Rivers 
FoUution  CotttmisaioneTB,  where  they  say  that,  "  the  property,  which  aiunial  chAreoal 
posaeaaet  in  a  high  degree,  of  favouring  the  growth  of  the  low  forms  of  org^niAed  life,  '%%  a 
•erioQS  dmwback  to  its  oae  aa  a  filtering  medium  for  potable  waters.*' — I  have  aeen  some  oon- 
firniation  of  thU  in  experlmenta  made  at  Netley,  «nd  it  shows  the  necessity  of  renewal  of  the 
filtering  materials  at  short  intervals.    (F.  de.  C.) 

II  At  the  Hygienic  Congress  at  Bmasels  (August  1S76),  I  found  that  some  of  the  Continental 
chemists  were  so  impressed  with  the  dangers  arising  from  impure  filterSi  that  they  were 
iacUoed  to  doubt  the  advisability  of  filtration  at  alL— <P.  db,  C.) 


b 


W^  WATEK.  I 

the  amount  of  impurity  of  the  water,  they  become  clogged;  the  subslaxml 
which  bhjck  them  are  organic  matters  {probably  aufl]^mleil)  and  lime  flutnl 

8 odium  chloride,  aft«r  being  arrested  for  some  time,  may  l>e  given  off  agn^  I 
and  thus  seldom  long  remains  in  a  tOter.     Instead  of  taking  the  tilt43r  to  piwi  1 
when  they  ar^  cloggeil^  the  following  plan  may  be  resorted  to  : — Every  t^i  I 
or  three  months  (iiccordiug  to  the  kiiid  of  water)  air  should  b*^  blo^Ti  throng  I 
and  if  the  cliarcoal  he  in  the  block  funu  it  sliould  be  brushed.      Then  4  tel  I 
ounces  of  the  pharmaeojHjeial  solution  of  j:w  tt.as.sium  |>?nunuganate,  or  20  to  30 
grains  of  the  solid  permanganate  in  a  quart  of  distilled  water,  and  10  dwp 
of  strong  sulphuric   acid,  should    be   ijoumd    through,    ancU    subsequenllj, 
a  quarter  to  half  an  ounce  of  pure  hydrochloric  acid  in  2  to   4  gaUoDKtJ 
distilled  water.     This  both  aids  the  action  of  the  j>enjiaiiganate,  and  aattll 
in  dissohdug  manganic  oxide  and  calcium  carhonat-e.    Three  gallons  of  dlatiM  1 
or  good  rain  water  ishould  then  he  poured  through,  and  the  filter  is  fit  again  fir  1 
OLse.     This  plan  woidd  be  useful  on  foreign  Btatioiifl,  where  the  filter  cannot  ^ 
sent  home  or  taken  U)  pieeea  ;  if  it  can  be  taken  to  pieces,  the  chaivoal  sliodi , 
be  spread  out  in  a  thin  layer,  and  exposed  for  some  time  to  air  and  «m,« 
heated  in  an  oven.     If  sponges  are  at  all  used^  they  should  l>e  removed  bm 
time  tti  time,  and  thoroughly  washed  in  hot  water.     If  the  filtering  mat€i!*l 
IE  composed  of  a  solid  plate  or  btdl,  the  siu'face  ahould  be  brushed  or  scraj**! 

If  the  charcoal  can  he  taken  out  it  should  be  washed,  then  boiled  with  • 
little  Condy's  fluids  then  spn^ad  out  in  the  sun  or  in  an  oven  and  dried.  If 
means  exist  it  can  l>e  re-burnt  All  kinds  of  chaix^oal,  and,  of  course,  cuiit 
domestic  tdtera,  give  oil"  at  hrst  some  substances  to  WEiter ;  a  certain  amnmit  of 
prehminary  watjhing  out  with  pure  water  is  desirable/*  Among  other  m^ 
stances,  calcium  phosphate  is  taken  npfrom  animiil  charcoal^  and  even  withi 
minute  quantity  the  water  will  not  act  on  lead  (Fi-ankland). 

Small  iilters,  as  now  aold  in  the  market,  may  he  divided  into  aeTinl 
kinds  :~ 

1.  Syphon  cistern  filters,  which  are  placed  in  the  water  to  be  purified,  sd 
through  which  the  water  rises.  The  filter  is  often  put  in  the  cistern,  an^  ^ 
course,  the  delivery-pipe  always  contains  frt^shly  filtered  water,  A  very  good 
one  of  this  kind  made  of  animal  charcoal  has  been  lately  propose<l  by  DrF 
K.  Macnamara,  of  Calcutta,  and  is  likely  to  be  of  gi*eat  service  in  India,  h 
!£  now  in  use  in  the  Bengal  I*residency. 

2.  Pipe  filters,  in  which  the  filter  is  placed  in  the  course  of  the  delivwr 
pipe ;  the  elTect  iJi  the  same  as  mth  the  syphon,  but  tlie  How  may  bt?  quickrt, 
as  a  greater  pressure  can  be  obtained.     Both  of  these  plans  are  very  useful 

3.  Common  domestic  filters,  of  various  kinds,  fillfd  hy  hand. 

4.  Pocket  filters,  usually  of  the  syphon  kind,  or  made  of  a  hollow  block  4 
charcoal,  with  a  tubi3  passing  into  the  interior  cavity,  the  water  paases  froo 
without  into  the  cavity. 

6.  Ship  filters, — Major  Crease,  RM,A.,  has  arranged  a  very  useful  Uak 
filt*?r  for  ships  ;  it  is  an  iron  box,  cemented  inside  hy  a  process  patented  bj 
Major  Crease,  and  divided  into  two  parts  by  a  partition  ;  on  on©  side  are  10  f^ 
12  inches  of  sand,  on  the  other  is  a  corresponding  amount  of  animal  chaieo^ 
or  charcoal  is  i>laced  on  both  sides ;  a  plate  and  screw  lies  on  both  sand  wai 
charcoal,  so  that  they  can  he  compre^ed  to  any  desired  extent ;  and  the 


*  1  have  found  tbmt  an  interti^hADge  sometimea  t4ike9  pluoe  In  a  filter.  I 
calcium  sulphaW  »nd  nitrate  wat*T  through  4i  new  cliarcoal  tilter ;  the  BulphuVic  add 
WitiTuly  removed,  and  the  nitric  acid  partly  m ;  their  place  wns  taken  by  phosphoric  mA 
11  haa  occurred  to  me  whether  a  selenitic  water  might  not  be  !»ade  more  wholi?some  Y>f  tlil 
aahftlituting  phosphoric  acid,  by  leaving  the  calcium  phoirpUate  in  the  charcoal,  or  supplfil 
it  from  time  la  time. 
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The  more  obviooBeAeiB  produoed  on  men  who  are  depriyed  for  ecniie  tiu 
of  water  m,  besides  the  feeling  of  the  most  painful  thinst^  a  great  lowerixi^d 
mudcular  8ta?ength  and  mental  vigociT.  After  a  time  exertion  becomes  afai^H 
impossible,  and  it  is  wonderful  to  sea  what  an  extniordmazj  change  ii|fl 
duced  in  an  amazingly  short  time  if  water  can  be  then  procured.  The  ia|pM 
of  water  be^^omes,  then,  a  matter  of  the  most  urgent  necessity  when  mmiM 
undergoing  great  muscular  efibrta^  and  it  is  very  important  thnt  the  ^gU 
should  be  by  small  quantities  of  water  being  frequently  taken^  and  n<Q^^| 
luge  amount  al  any  one  time.  The  restriction  of  water  by  trainers  is  ^H 
on  a  misapprehension ;  a  little  water,  and  often,  should  be  the  rulei  VH 

EXBRCISE.)  ^V 

Sub-Sbotion  n. — Impurb  Scpplt.  1 

At  present,  owing  probably  to  the  difficulty  of  maHug  analyBes  of  wiM|| 
the  exact  connection  between  impure  watit^r  and  disease  does  not  stand  mml 
precise  an  experimental  basis  aa  might  be  wishecL  There  are  some  ptisafln 
who  have  denied  that  even  considerable  organic  or  mineral  impurity  csald 
proved  to  produce  any  bad  effect ;  while  others  have  believed  that  SDod 
mineral  ingrodienta,  such  as  calcium  carbonate,  are  nsefikL  I 

It  may  be  true  that  water  containing  a  large  quantity  of  organic  matler«  m 
much  calcium  and  magnesium  sulphate^  has  been  uBed  for  lon^  perioda  withM 
any  ill  eflbcta  The  water  of  the  Canal  de  rOurcq,  which  contains  nmfl 
calcium  bicarbonate,  and  some  calcium  and  magiiesiuiii  sulpha te^  was  foaan 
by  Panmi-Duchitelet  to  produce  no  bad  etfect,  and  Boudet  haa  lately  oa^M 
the  same  thing,*  ^H 

In  some  of  these  cases,  however,  very  little  careful  inquiry  has  been  wSP 
into  the  stata  of  health  of  those  using  the  water,  and  that  most  fallaciowd 
ail  e\dtlencB,  a  general  impression,  without  a  careful  collection  of  fact^^H 
often  been  the  only  ground  on  which  the  opinion  has  been  come  to.  AmB 
observed  by  ^Ir  Bimoii,  in  one  of  his  philosophicjil  Eef>ort8,t  we  cannot  (S- 
pect  to  find  the  effect  of  impure  water  alwayti  sudden  and  violent ;  ita  IMJJI 
are  indeed  often  gradual,  and  may  elude  ordinary  olnservation,  yet  be  n^fll 
less  real  and  appreciable  by  a  ch:>8e  inquiry.  In  fact,  it  is  only  w^hen  atriHV 
and  violent  effects  are  produced  that  public  attention  is  arrested  ;  the  mintf 
and  more  insidious,  but  not  less  eertaiji,  evils  are  borne  with  the  indiflerencc 
and  ajiathy  of  custom.  In  some  cases  it  is  by  no  means  improbable  that  tl» 
nae  of  the  impure  water,  which  is  supposed  to  be  innocuous,  has  been  really 
restricted,  or  that  experience  has  shown  the  necessity  of  purification  in  scam 
way.  This  much  seems  to  be  certain,  that  as  precise  investigations  proceed, 
antl,  indeed,  in  proportion  to  the  care  of  the  inquiry  and  the  accuracy  of  ihi 
examinution,  a  continually  increasing  class  of  crises  is  found  to  bo  connecwd 
with  the  us©  of  impure  water,  and  it  seems  ooly  reasonable  to  infer  that  a  still 
more  rigid  inquiry  wUl  further  prove  the  frequency  and  importance  of  tliij 
moile  of  origin  of  some  diseases. 

Animal  organic  matter,  especially  when  of  faecal  origin  ;  vegetable  organic 
matter,  when  derived  from  marshes ;  and  some  salts,  are  the  principal  noxioui 
ingretlients. 

Of  the  hurtful  substances,  the  suspended  animd,  and  especially  fmoA 
matters,  are  probably  the  worst  At  lea^^t,  it  is  remarkable  how  fi^ex^uentlyi 
both  in  outbreaks  of  diarrhnia  and  typhoid  fever,  the  reports  notice  turbidity, 
discoloration,  and  smell  of  tht>  water.     It  is  this  fact  which  makes  the  examina 

.   *  TLq  Can  id  de  I'Ourcq  {wUck  bia  a  boat  population  of  about  40,000)  u  now  abandoiied  ai  a 
coiitto  of  drfcking  water,  and  the  greater  part  of  Pari*  is  supplied  ftrom  the  river  Vanne, 
fSeocmd  Aauirnl  Report  to  the  City  of  London,  p.  121. 
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horsee,  on  the  ground  that  it  makes  the  coat  staring  and  rough — a  resoh 
which  has  been  attributed  to  some  derangement  of  digestion.  The  exact 
amount  which  will  produce  these  symptoms  has  not  been  determined,  boi 
water  containing  more  than  8  grains  of  each  substance  individually  or  collec- 
tively appears  to  be  injurious  to  many  persons.  This  ^would  correspond  to 
about  10  degrees  of  permanent  hardness.  A  much  less  degree  than  this  will 
affect  some  persons.  In  ^a  well  water  at  Chatham,  which  was  found  to 
disagree  with  so  many  persons  that  no  one  would  use  the  water,  the  main 
ingredients  were  19  grains  of  carbonate  of  lime,  11  grains  of  calcium  sulphate, 
and  13  grains  of  sodium  chloride,  per  gallon.  The  total  solids  were  50  giainfl 
per  gallon.  In  another  case  of  the  same  kind,  the  total  solids  were  58  grains 
per  gallon,  the  calcium  carbonate  was  22,  the  calcium  sulphate  11,  and  the 
sodium  chloride  14  grains  per  gallon. 

Iron,  in  quantities  sufficient  to  give  a  slight  chalybeate  taste,  often  pioduoei 
slight  dyspepsia,  headache,  and  general  malaise.  Custom  seems  to  partly 
remove  these  effects. 

Diarrhoea, 

Many  conditions  produce  diarrhoea. 

(a)  Suspended  Mineral  Substances, — Clay,  marl — as  in  the  cases  of  tlie 
water  of  the  Maas,  the  Mississippi,  the  Missouri,  Eio  Grande,  Kansas,*  of  tiie 
Ganges,  and  many  other  rivers — will  at  certain  times  of  the  year  produce 
diarrhoea,  especially  in  persons  unaccustomed  to  the  water.  The  hill  diarrhoea 
at  Dhiumsala  is  produced,  apparently,  by  suspended  very  fine  scales  of  mica.t 

(b)  Suspended  Animal^  and  especially  Fcecal  Matters,  have  produced 
diarrhoea  in  many  cases ;  such  water  always  contains  dissolved  organic  matten, 
to  which  the  effect  may  be  partly  owing.  The  case  of  Croydon  in  1854 
(Carpenter)  is  one  of  the  most  striking  on  record.  In  cases  in  which  the 
water  ia  largely  contaminated  with  suspended  sewage,  it  is  important  to 
observe  that  the  symptoms  are  often  markedly  choleraic  (purging,  vomitings 
cramps,  and  even  some  loss  of  heat).  This  point  has  been  again  noticed  by 
Oldekop  of  Astrachan,  I  who  found  marked  choleraic  symptoms  to  be  produced 
by  the  water  of  the  Volga,  which  is  impregnated  with  sewage.  Seven  cases 
in  one  house  of  violent  gastro-intestinal  derangement  (vomiting,  diarrhoea, 
colic,  and  fever),  produced  by  water  contaminated  by  sewage  which  bad  passed 
into  the  cistern,  are  recorded  by  Dr  Gibb.§  In  the  prison  at  Halle  an  out- 
break of  diarrhoea  was  traced  by  Dolbruck  to  the  contamination  of  water  with 
putrid  substances.  In  St  Petersburg  the  water  of  the  Neva,  which  is  rich  in 
organic  substances,  give  diarrhoea  to  strangers. || 

Sus^^ndeil  animal  and  vegetable  substances,  washed  off  the  ground  by 
heavy  rain  into  shallow  weUs,  often  produced  diarrhoea,  as  at  Prague  in  1860, 
when  an  endemic  of  '^  catarrh  of  the  alimentary  canal "  was  produ^d  by  heavy 
floods  washing  impiuitiee  into  the  wells.  IT 

(c)  Suspf^ntleti  Vegetable  Substances. — In  this  country,  and  also  in  the  late 
American  civil  war,  several  instances  have  occurred  of  diarrhoea  arising  from 
the  use  of  surface  and  ditch  water,  which  ceased  when  wells  were  sunk ; 
possibly  there  might  be  also  animal  contamination.     It  is  not,  therefore,  quite 

^  Hammond's  Hygiene,  p.  218. 

fWbitveU,  vuU  Dr  Maautmara't  8th  Report  oo  Potal>le  Waten  in  Bei^.  Appendix, 

J  VipAow't  ArduT,  bend  xxri  p.  117. 

f  Britbb  Medical  Jonnud,  Oct  1870. 

lllbch.  quoted  by  Bolb  and  Lex,  Mil  Gennidbeitspfl.,  pc  24« 

f  Ckwtatte  Jahneb.  1S«3.  toL  iL  p.  SI. 
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Boudin  refen  to  an  outbreak  of  diarrhiija  at  Oxan^  in  Algiers,  whicb  waft  dii' 
tinctlj  traced  to  bad  wator,  and  ceased  on  tlie  cauae  being  removed  ;  the  oott- 
po«ition  of  the  water  ia  not  explicitly  giv«n,  but  it  contained  lime,  ma^itfii,  | 
and  carbonate  of  soda.  Sulphates  of  lime  and  magnesia  also  cause  diaiTbttS) 
following  sometimes  constipation.  The  selenitic  well  waters  of  Paris  used  to 
have  thi^  cttect  od  strangers.  l*arenH)ueh&telet  ♦  noticed  the  constant  exc» 
of  patiente  furniishod  by  the  prison  of  St  Lazare,  in  conBequence  of  diarrbcxii 
and  he  trtu.'ed  this  to  the  water,  which  '*  contained  a  very  large  proportiaii  ai 
suljihate  of  lime  and  other  purgatiYo  salts ; "  and  he  tells  us  that  Pinel  bud 
noticed  the  same  fact  twenty  years  before  in  a  particular  section  of  iIm 
Salp^tricre,  In  some  of  the  West  Indian  stations,  the  wati^r  drawn  from  tbf 
calcareous  fumiation  haa  been  long  abandoned,  in  consequence  of  the  t<?ndcncy 
to  diarrh(ea  which  it  caused. 

Nitrate  of  lime  waters  ako  prcHluees  diarrhtea.     A  case  ia  on  record^  m^ 
whicb  a  well  water  was  obliged  to  he  disused,  in  eonsecjuence  of  ite  impr 
tion  with  butyrate  of  lime  (105  grains  per  gallon),  wliich  was  derived  * 
trench  hlled  with  decomposing  animal  and  %'egetidile  matters. f 

Brackish  whUt  (whether  rendered  so  by  the  sea,  or  derived  from 
sands)  |»roduce8  tliarrhom  in  a  large  pTcentag©  of  jiersons,  and  at  some  of  I 
Cape  frontier  Mkitiona  water  of  this  character  formerly  caused  much  d' 
this  kind.     In  a  watir  I  examined,  which  became  brackish  frrim  se 
and  which  prochiccd  diarrhtea  in  almost  all  persons^  I  found  the  amoimt  i 
chlorida  of  sodium  to  be  253  grains  jh^t  gallon.     But,  doubtlesa,  a  much  1« 
quantity  than  tbia,  especially  if  chloride  of  magnesium  be  present,  irill  act  in 
this  way. 

(h)  Mefallk  Impreafjiaiion* — Occasionally  animal  organic  mutter  acta  in  i& 
indirect  way,  by  producing  nitrites-  and  nitrates,  which  act  on  nietaJs. 

L>r  Biedeker,  I  a  physican  in  Witten,  was  called  to  some  cas<^8  of  aickneii 
protiuced  apparently  by  water.  On  examining  the  point,  he  found  the  water 
was  iirawii  from  a  pump  with  a  copf>er  cyliJider,  and  containtHl  a  considenhli' 
quantity  of  copper,  which  seemed  to  be  in  combination  with  some  orpaak 
matters 

Lead  (as  might  have  been  anticipated)  was  also  largely  present  in  this  '^ 
as  leaden  pum|ie  were  ujsed ;   iron,  on  the  contrary,  waa  not  dissolved. 

D3^sentery  also  is  decidedly  produced  by  impure  water,  and  this  uq 
lanks  high  in  Ibe  etiology  of  dysentery,  though  perhaps  it  is  not  the  first 

Several  of  the  older  army-surgeons  refer  to  this  cause.  Pringlo  does  CO 
aevend  times,  and  Donald  Munro,  in  the  "CamiMiigns  in  Flandew  and 
Germany."  In  the  West  Indies,  Lemprifere,]!  in  1799,  noticed  the  incraiM 
of  bowel  complaints  in  Jamaica  in  May,  when,  after  floods,  the  water  mu 
ba«i  and  turbid,  "and  loaded  with  dirt  and  filth,"  He  also  mentions!^  that  »t 
Kingston  and  Port  lioyal  the  dysentery  was  owing  to  brackish  water. 


It 


•HygifeDe  Publimm,  t,  I  p,  236. 

f  Zeitachrift  fur  Hygiene,  vol  L  p.  165.  See  also  a  rpmirk  on  the  effect  of  calcfmn  asd 
pot^Miunt  mimt«  In  cjiuKing  «  tcMidency  to  dinrrbcBa  ia  the  Report  ua  the  Drainag*  of  B«fiiA 
(Die  KjuulLBfttion  voa  Berlin,  18tW,  pp!  27,  *28>. 

X  Pftppenhdiu'a  Beitrmge,  heft  iv.  p,  49, 

i  The  Rmount  of  copper  rfwuired  to  pr^wliice  poi»oiioufl  symptoms  appejirs  to  he  doubtM 
It  ia  nA\d  that  the  minen  in  the  desert  of  Attacnma,  in  South  Aniericn,  pnsftsr  to 


eDataiuiDg:  mo  niich  copper  ok  to  have  a  distinct  gri;en  colon r,  mther  than  the  wat«r  bfoujbt 
up  from  the  well  a  near  the  shore  in  akim,  which  give  it  an  anptea«at9t  tast«.     It  ia  tnaa  tnl 
it  in  ua«d  for  making  coffee  and  tiiay  thua  be  to  a  ourtaiii  extent  purilied. 
"  Vol  L  p.  25. 
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Tlio  obs<?rvations  which  prove  so  satisfactorily  that  the  dysenteric  stools  oh 
pro]iagnte  the  disease,  make  it  probable  that,  as  in  the  case  of  typhoid  fefVOT 
and  cholera,  the  accidental  passage  of  dysenteric  evacuations  into  irinlrilJ 
water  may  have  some  share  in  spreading  the  disease.  m 

2.  AFFECTION  OF  OTHER  MUCOUS  MKMBRANKS  B£StDE8  THE  AUUENTARY.      I 

Little  hsis  yet  been  done  to  trace  out  this  point  At  Prague,  after  tin 
severe  tlootl  of  1860,  bronchiiil  catarrh  was  frequent^  probably  caused  chieflj 
by  the  chills  arising  from  the  great  evaporation ;  but  it  was  noticed  that 
bronchial  catarrh  was  most  common  when  the  drinking  water  was  foulest  and 
I>rod«ced  dysentery,  Po43sihly  the  bronchial  and  the  urinary  mucous  mem- 
branes  may  also  suJfer  from  foul  water ;  the  point  is  well  worthy  of  close  in- 
vestigation. 

3.  BPECIFIO  DESEASKS. 

Tliat  some  of  the  specific  diseases  are  disseminate^l  by  drinking  water  is  a 
fact  which  has  only  attracted  its  due  share  of  attention  of  late  years.  It  u 
oertainly  one  of  the  most  important  steps  in  etiology  which  has  been  znaAli' 
in  this  ceutur^^,  and  the  chief  merit  of  its  discovery  ia  owing  to  the  late  Pi 
Snow, 

Malar  mis  Fevers, 

Hippocrates  states  that  the  spleens  of  those  who  drink  the  water  of  marslstifl 
become  enlarged  and  hard ;  and  Ehazes  not  only  ass«*rted  this,  but  affirmed 
that  it  genemted  fevers.  Little  attention  seems  to  have  been  paid  to  this 
remark,  and  in  modem  times  the  opinions  of  LimcisL,  that  the  air  of  matches 
ia  the  sole  cause  of  intcnnittents,  has  been  so  genenilly  adopted,  that  th« 
posBil>Oity  of  tbe  introilnction  of  the  cause  by  means  of  water,  as  well  as  of 
air,  was  overlooked.  Btill,  it  has  been  a  very  general  belief  among  the  in- 
habitants of  marshy  countries,  that  the  water  could  produce  fever.  Heniy 
Marshall*  says  that  the  Singhalese  attribute  fevers  to  impure  waXet^ 
•'  especially  if  elephants  or  butlalot^a  have  been  washing  in  it,*'  and  it  is  to  be 
presumed  that  he  refeiTed  to  periodie^il  fevers.  On  making  some  inrjuiriee  of 
the  inhabitants  of  the  highly  malarioua  plains  of  Troy,  during  the  Crimaui 
wsir,  I  found  the  villagers  universally  stated,  that  those  who  drank  manh 
water  had  fever  at  fill  times  of  the  year,  while  those  who  drank  pure  water 
only  got  ague  during  the  late  summer  and  autumnal  months.  The  same  belief 
is  prevalent  in  the  south  of  India  ;  and  in  Western  Candeish,  Canara,  Balaghut, 
and  Mysore,  and  in  the  deadly  Wynaa^l  district,  it  is  stated  by  ALr  Bettington 
of  the  Madras  Civil  Ser^dce,  that  it  **  is  notorious  that  the  wat^^r  prodnoei 
fever  and  aflections  of  the  spleen,'^  The  essay  by  this  gentleraanf  giveSi 
indeed,  some  extremely  strong  evidence  on  thia  point  He  refers  to  villages 
placed  under  the  same  conditions  as  to  marsh  air,  but  in  some  of  which  feven 
are  prevalent,  in  others  not ;  the  only  differtmcc  is,  that  the  latter  are  supplied 
with  pure  water,  the  former  with  marsh  or  nullah  water  fnUl  of  vegetabk 
debris.  In  one  villf^e  there  two  sources  of  supply, — ^a  tank  fed  by  surfico 
and  marsh  water  and  a  spring  ;  those  only  who  drink  the  tank  water  get  fevef. 
In  a  village  (Tnlhwaree)  no  one  used  to  t^scape  the  fever ;  ^Ir  Bettington  dugm 
well,  the  fever  disappeared,  and,  during  fourteen  years^  has  not  returned. 

Another  village  (Tamhatz)  wtis  also  "notoriously  unhealthy,"  a  well  w» 


to  tlie  diaeosfl  appeared,  bowevwi  to  be  rUo  necessary.    (Schmidt's  JabrhUcber,  1874.  1  voL 
p.  25.) 

*  Tbpograpby  of  Ceylon,  p.  52*  f  Indian  AnnaU,  1866,  p.  526. 
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embarked  with  all  forms  of  paludal  fevere,  and  as  Boudin  himself 
men,  there  was  no  doubt  of  the  dia^oelB.     The  crew  of  the  Argo  had  nd 
single  sick  man. 

All  the  soldiers  had  been  exposed  to  the  same  influences  of  atmosp 
before  embarkation.  The  crew  and  the  soldiers  of  the  Argo  were  exposed  1 
the  same  atmoapheric  condition  during  the  voyage ;  the  iiiOaence  of  air  i 
therefore  excluded.  There  is  no  notice  of  the  food^  but  the  productaan  i 
inalarif»U8  fever  from  food  has  never  been  auggested.  The  water  wa%  1 
ever,  different — in  the  two  healthy  shiiie  the  water  was  goo«l.  The 
on  board  the  Argo  Bad  been  supplied  with  water  from  a  marsh,  which  ] 
disagreeable  taste  and  odour ;  the  crew  of  the  Argo  had  piir©  water. 
evidence  seemB  here  as  nearly  complete  as  could  be  wisheil.* 

One  very  important  circimiatance  is  the  rapidity  of  development  of 
malarious  disease  and  its  fatality  when  introduced  in  water.  It  is  the  t 
thing  as  in  the  case  of  diarrbnea  and  dysentery.  Either  the  fever-n 
cause  must  be  in  larger  quantity  in  the  water,  or,  what  is  equally  proh 
must  be  more  readily  taken  up  into  the  circulation  and  carried  to  the  sp 
than  when  the  cauae  enteis  by  the  lungs. 

In  o|jjHJsition,  however,  to  all  these  statements  must  he  placed  a  rematkl 
Finke'sf  that  in  Hungary  and  HoUatid  marsh  water  is  daily  taken  witi 
injury.     But  in  Hungary,  I>r  Grosz  states  that,  to  avoid  the  injurioua  i 
of  the  marsh  water,  it  is  customary  to  mix  brandy  with  it,  ''  a  custom  ' 
favours  hypertrophiea  of  the  inner  organs."  J     Professor  Odin,  of  the  Vil i 
Grioe,  who  is  so  well  known  for  his  researchea  on  intermittent  fever,g  is  i 
inclinefi  to  question  the  production  of  paroxysmal  fevers  by  marsh 
He  cities  numerous  cases  in  Algiers  and  Italy,  where  impure  marsh  water  | 
rise  to  indigestion,  diarrhoia,  and  dysentery,  but  in  no  case  to  int 
fever,  and  in  all  hia  obsservations   he  has  never  met  with  an  instance  of  i 
an  origin  of  ague.     He  therefore  deniea  this  power,  and  in  reference  to 
celebrated  case  of  the  Aigo,  without  venturing  to  contest  it,  he  yet  viem  f 
with  suspicion,  and  qncstions  whether  Boudin  has  given  the  exact  details. 

An  inatmctive  case,  however,  is  recorded  by  Burgeon-major  Faught  (An 
Medical  Reports,  vol  xviL  p.  212),  The  artUlery  quarteretl  at  TiJburj^  Fott  { 
the  Gravesend  district)  have  generally  suffered  more  or  less  fmm  ague, 
the  people  at  the  railway  station,  and  the  coastguard  and  their  families  m  1 
ship  lying  just  outside  the  fort,  never  suffer  from  malarious  poisoning. 
troops  have  been  supplied  with  drinking  water  from  two  underground  tinb 
which  receive  rain -water  from  the  roof  of  the  barracks,  whilst  the  oihff 
persona  above  meiitione<l  draw  their  drinking-water  frc^m  a  spring  near  ^ 
mUway  station.  From  December  1873  tt>  July  1874  the  troops  were  suppliad 
from  the  same  source,  on  account  of  the  barrai-k  tanks  being  out  of  rspik 
The  following  table  shows  the  returns  of  sickness  !^ 


♦  lUtter,  Hinsch  Id  Jahreab.  fiir  gen,  MecL  for  ia6&,  p-  192. 
f  0«8t«rl«ii*s  Handb.  der  Hyt^floe.     2d  edit  1B57,  p.  129;  footnote. 
^Quoted  liy  Wutxur,  HeiM  in  den  Oiiant.    EnmpAHp  liand  1.  p.  101. 

§  De  r Ingest iun  den  eanx  MirAoBgpoMt  comnie  cause  de  la  DyneiiUirie  it  dea  PI^ttw  Iali|e 
mitteutci,  par  L,  Colin,  Paria  1872, 
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Tlieahaljrietofeha 
wmUn  thoired  Uiat 
the  tanki  were  ex- 
po«ed  to  WMkage 
from  ihe  nimmiid- 
ioM  Ml»  miinh,  for 
elie  to-called  rafn- 
warer  yleldad  4 1 -8 
jrrmtna  per  R»Uon  of 
totnlwJIdflinthcone 
IC4Ue,  and  l4A-2/i  In 
ihtf  other,  tbe  chlo- 
rtne    beioK    reapec- 

Tbe  Italian  vmt«r 
cave  3«  iTTaitu  total 
aoUdfl  and  only  rft  of 
chlortae.  A»regarda 
organic  in«Uer«  th« 
tank  walen  thowed 
actaalljr  leaa  inipinItT 
than  tjie  ■uUoo 
vater1>7  the  aimno- 
ata  method,  but  bj 
the  pfTmanganaie 
method  tht-y  weT« 
three  tlmrs  m  itn* 
pure.  For  r I] tt  details 
and  for  thi«  mlcro- 
icopic  cxjuntniT!on, 
we  tbe  ohfflnil  paper, 


•  TtiU  caae  w«t  In  Implta]  otdjr  Ave  daja:  It  oceamd  mljr  a  few  daya  Rfter  the  anival  of  tike  ba|terj« 
f  None  of  ikflBi  ted«fi|rbad  ague  Wore;  two  bad  to  be  sent  on  ftirloiigli,  being  much  d«bfUlated  by 
malaria 

Typhoid  Fever, 

The  belief  that  typboid  fever  can  spread  by  means  of  wat<3T  as  well  as  air 
appeals  to  be  quite  of  modem  origin,  thougb  some  epidemics,  sucb  as  the 
"Scbleim-fieber*'  of  Gottingen  in  1760,  were  attributed  ia  part  to  tbe  use  of 
impure  water.  In  1822,  Wah  affirmed  tbat  an  ontbn?ak  of  'Hypbus'* 
(typboid)  at  Saarloois,  in  Rbenish  Prussia,  was  caused  by  impure  water ;  and 
in  1843,  Miller  discovered  tbat  129  cases  of  typhus  abdominalis  {typboid)^ 
and  21  deatbs,  which  occurred  in  tbe  garrison  at  Mayence^,  were  produced  by 
fa?rrd  matter  passing  into  tbe  drinking  water,  wbicb  bad  a  disagreeable,  putrid 
smelL  In  1848,  E.  A.  W.  Richter  published  an  account  of  an  outbreak  of 
the  same  kind  wbicb  occurred  in  a  school  at  Vienna,  from  tbe  contents  of  a 
sewer  passing  into  tbe  drinking  water.*  In  1 852,  Dr  AuBtin  Flintf  published 
the  particulars  of  a  similar  outbreak  of  typboid  fever  at  the  hamlet  of  North 
Boston  (Erie,  U.S.)  in  1843, 

In  1852-53,  a  severe  outbreak  of  typhoid  fever  took  place  at  Croydon,  and 
was  thoroughly  inve«tigated  by  many  competent  observers  ;  and  it  was  showTi 
by  I)r  Carpenter  of  Croydon  that  it  was  partly,  at  any  mte,  spread  by  the 
pollution  of  the  drinking  water  from  tbe  contents  of  cesspools. 

In  1856,  Dr  RouthJ  published  a  case  in  which  the  evacuations  of  a  typhoid 
patient  wen?  thrown  into  a  closet,  the  pipe  of  which  passed  dii«ctly  into  the 
eitttom  of  the  drinking  water,  in  a  well- ventilated  house  at  Hastinga.  No 
Imb  than  eight  persons  were  atfected  with  more  or  less  typboidal  sjTnptoms ; 
many  of  these  had  not  been  brought  into  any  personal  contact  wiik  the  sick 
penon. 

In  1859,  Dr  W.  Bnddg  published  two  very  conclusive  cases,  in  wbicb  well 
LWaier  was  contaminated  by  sewage, 

*  All  tliew  caata  arv  related  by  Riecke  in  hii  excellent  work  **  Ber  Ereigs  tisd  Fri«den«- 
khua,**    Nordhanwn,  1850,  pp.  44-68. 
Clinical  Eeporta  on  Continued  Ferer.     By  Atutin  Flint,  M.D.    BafTalo,  1852,  p.  880. 

*  YwcmX  FennenUtion  si  a  Cauae  of  IMaaaae.    Pamphlet    Load,  l^m,  p.  34. 
{Lanoe^  Oct.  29,  1868,  p.  432. 
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Tbere  \s  no  satisfactory  evidence  tliat  typhoid  Btools  bad  been  in  the  eewM 
matter,  but  tlic ir  [iri3senco  is  not  excluded.  I  learD^  from  personal  i  iiiiiiiiiiiB 
cation  with  Dr  Ikidd,  that  he  has  long  been  convinctKl  of  the  occagiarud  pfl 
piigation  of  typhoid  fever  in  this  way.  ■ 

In  1860,  an  outbreak  of  typhoid  fever  occurred  at  the  Convent  of  8l8H 
of  Charity  at.  Munich,  31  perBonsout  of  120  wens  attacked  between  the  ISfl 
September  and  the  4th  of  October,  with  aevere  illness^  and  1 4  of  these  om 
were  true  typhoid  ;  4  died.  The  caiuse  was  traced  to  wella  inipre«^nated  idfl 
much  organic  mutter  (and  among  other  things  typhoid  dejections),  and  odfl 
taining  nitmtes  and  lime.  On  the  cessation  of  the  use  of  thk  water,  the  leifl 
ce^ased.  *  ■ 

The  pnjpagation  of  typhoid  fever  in  Bedford  would  certainly  appear,  fnfl 
^Ir  8iinon  s  rejwit,t  to  have  hixm  partly  through  the  medium  of  the  watet  fl 

Dr  Scliinitt  I  hiis  fur  several  ye^irs  paid  particular  attention  to  this  poifl|l 
mid  in  1861  published  seveml  very  striking  cases. 

A  case  bearing  tin  the  same  point  was  brought  before  the  !Metropolifctt 
Ollicera  of  Health  in  1862,§  by  Mr  Wilkinson  of  Sydenham,  In  this  ci» 
the  water  was  cont«miinatod  by  absorption  of  sewer  gases. 

In  1862,  a  very  sudden  and  severe  outbreak  of  typhoid  in  a  hamusk  al 
Munich  was  traced  to  water  impre^mated  with  f tecal  matter ;  on  ceasing  to  Jm 
the  watf^r^  the  disease  disapi)eiLreil.||  In  1865  a  very  remarkable  outfamk 
of  tyjjhoid  occurred  at  Ratho,  iu  Scotland,  and  was  traced  to  drinking  water 
contiiminated  vnih  sewage.^  In  1866  typhoid  fever  broke  out  in  a  giitf 
school  at  Bisht^f*stc»ke,  near  Southamptcui,  and  was  traced  unequivocally  to 
the  bursting  of  a  sewer  pipe  into  the  well  The  water  was  diaagreeahle  boti 
to  smell  tiiid  taste.  17  or  18  persona  were  aft'ected  out  of  26  or  28.  SepenJ 
very  istriking  instances  are  recorded  iii  Mr  Simon's  Reports  by  Drs  SeatoDi 
Buchaiiiui,  aud  Thome,**  and  in  some  of  these  Ciiisea  analyses  of  the  water  we» 
made,  %vhich  showed  it  to  l)e  impure,  and  to  contain  organic  so  wage,  or  iU 
derivatives.  A  very  good  case,  at  the  Garnkirk  works  in  Glasgow,  is  i^corded 
by  Dr  Perry4t  I^^  ^^^  Heiizy,  the  Sanitary  Commissioner  of  the  Punjab,  bw 
alsu  published  a  remarkable  paper  on  the  extinction  of  typhoid  fever 
in  ^lillbank  prison,  and  abuws,  from  the  statistics  of  many  yoara,  that  tbt 
fever  has  entirely  disajipearetl  since  the  use  of  Thames  water  wa«  given  up; 
the  disappeamnce  was  coincident  with  the  change  in  the  water  supply.     Two 


*  Edinburgb  Medical  Jnunml,  Jtm.  1662|  p.  1153.    See  bIao  Gietlf  Die  Uraachea  dos 
Typbus  in  Miidehed,  18<35.  p.  58. 

f  Thiixi  Report  of  the  Mwbt-al  Officer  of  the  Privy  CounciT,  ISffO. 

*  JoiiriL  de  Mtnl.  de  Bruxelle^,  Sept.  1861 ;  and  CiiDiitatt'ft  Jahtesb.  for  1861,  bond  it.  y^ 
182,  IS-S.     Sfe  lln^  2d  editioD  of  tliia  work  for  a  short  account  of  thein* 

f  Britinb  Medical  Jounial  Murch  1,  1S62. 

II  Gictb  Die  Urwiehen  dea  Ent.  Typbui*  in  MUnchea,  1865,  p.  62.  In  i\m  little  book  U 
mncb  evidence  to  nbow  the  propagation  of  tyi3botd;by  foul  water  and  by  defid^at  arrang«nMltl 
fur  renioval  of  exfri'ta.  m  well  m  many  ioHtanciii.H  of  the  carrying  of  the  disease  from  v\wm  li 
placf?,  anaJo(2foiia  to  those  nan^t*d  by  Bretonneiiu  many  years  ago, 

^  E<iin,  Med.  Jouni.  Dtc.  lStJ5,  In  thia  case  n  Rrooni  came  to  the  houae  ill  with  typhoU 
from  Dundee,  and  tbua  iairotluced  the  ditfoase.  ThLm  fan^t  was  cotiituuuicated  to  me  by  a  nllh 
tion  of  the  owner  of  the  bouse, 

*•  Dr  Seatoa'H  Report  on  Tottenham  {Report  of  Medit'al  OflRcer  to  the  Privy  CouncU  for 
1866,  p.  2iro.  Dr  Buchanan  on  Guildford  {Ibid,  for  18«7.  p.  34} ;  Dr  Thome^s  B^port  oo 
Terling  (Ibid.  p.  41);  Dr.  Buchanan's  Report  on  WicVen-Bonant  (I2th  Report,  p.  72).  In  ail 
th(?*i!i  infttjMjies  the  evidiiuce  reaehe^?  the  hif^lient  degree  of  probability,  and  in  the  cuncjut 
Gutldfonl  and  Wicken-Bonant  of  almost  absolute  certainty.  See  also  Rej>ort  on  Sherborne  by 
Dr  Blaxall ;  on  Caios  College,  CanibridRe,  by  Dr  Buchanan  (both  in  No.  ii.  new  seriea) ;  on  htwm 
by  Dr  Thome  ^No.  iv,  new  series) :  also  the  ease  of  Over-Darwen  (Sanitary  Record,  1675) ;  tsMm 
(tiven  by  Dr  Stfillar«i  (Lancet,  Feb.  1872);  Dr  Barclay's  Reports  on  Bangalore  (Army'lieA. 
Ecport.«««  vol,  xiiL  p,  2*>S),  GeisHlerahoquotes  from  Hagler  a  very  strong  case  ocfurrins  at  T^ntm 
Schmidt's  Jahrb.  1874,  Na  2,  p.  186).  ^ 

ft  Lancet,  June  18C8. 
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wt-re  washed  into  the  stream  fiupplying  the  viHage.     Between  June 
October  1872,  no  less  than  76  causes  occurred  out  of  a  population  of 
persona.     All  those  attiicked  drank  the  stream  water  hahitiially  or  occaelo 
All  who  uaM  liltereil  rain  or  well  water  escaped^  except  one  family  wlio  1 
tlie  water  of  a  well  only  4  or  5  ynvth  fnnn  the  hrtMjL     The  case  seems  q^ 
clear — first,  that  the  water  caused  the  diseajse ;  and  secondly,  that 
pollute<l  with  excrement  for  years,  no  enteric  fever  appeared  until  an  imp 
case  introduced  the  virus.     Positive  evidence  of  this  kind  seeniB  condn 
and  I  think  we  may  now  safely  believe  that  the  presence  of  t}-plioid  e\ 
tions  iji  the  water  in  nece-aaary.     Common  faecal  matter  may  produce  dian 
which  may  perhai>s  be  febrile,*  but  for  the  prtMhictiun  of  enteric  fevier  1 
Bpecific  ap[ent  must  he  present.     The  oiiinicm  tbut  the  ett^^ols  of  typhoid  I 
the  especial  carriers  of  the  poison  was  hiBt,  I  believe^  explicitly  stated  1 
Canstattpt  BXid.  hai  been  also  ably  argued  by  W.  Budd. 

Cliolera, 

Few  of  tbe  earlier  investigators  of  cholera  appear  to  have  i]iuig|i(ri|!^ 
specific  poison  mij^ht  find  entrance  by  the  means  of  drinking  Trater. 
is  an  ititiiiiation  4if  thi^  kind  in  a  remark  by  I)r  Muller  :J  and  Jameaon,  inl 
Bengal   Ifj^jKjrt  of  1820,  alludes  to  the  effect  of  impure   water,    but  ia| 
cursory  way. 

In  1849  the  late  I>r  Bnow,  in  investigating  some  circumscrilx^d  outhn 
of  cholera  in  Htiraleydown,  Wandsworth,  and  other  places,  came  to  the  eou- 
clu!i;ion  that,  iu  these  inatjinces,  the  disease  arose  from  cholera  eviictiBtioii 
tindincr  their  way  into  the  drinking  water*  Judging  from  the  light  of  $^ 
sequent  experience^  it  now  seems  extremely  probalde  that  this  was  the  OB^ 
and  tn  T>r  Snow  must  certainly  be  attributeii  the  very  great  merit  of  disoor^ 
ing  this  most  imperttuit  fact.  At  first,  certainly,  the  evidence  was  defectrrej 
hut  gradually  fresh  instances  were  collected,  and  in  1854  occurred  Aft 
celebmted  instance  of  the  Eroad  Street  pump  in  Londt>u^  which  was  inviati- 
gatfnl  by  a  conmiittei*,  whose  report.,  dmwn  up  by  Mr  John  ^farshaU,  nf 
University  College,  with  great  logical  power,  contains  the  ma^t  conviuciE^ 
evidence  that,  in  that  instance,  at  any  mtc^,  the  poison  of  cholera  fotmd  il» 
way  into  the  botly  through  the  drinking  water.  |] 

In  1855  Dr  Snow  published  a  second  edition  of  his  book,  giving  m 


*  A  gno(l  instfiTicie  la  given  hy  Mr  E.  Bond- Moore  (Londoa  Metiicftl  Record,  Mmj  27,  W^ 
page  327)  m  occuiTingat  Sudgley  Park  school.  Two  years  previouNlv  the  water  supplj  beoUM 
contaminated  with  ordiunrj'  sewnge,  but  no  typhoid  fever  resulted,  Altboiigh  thcl«  *• 
dUnha'ap  siekn^sai  grf;at  l&ng^uor,  (ind  ^^at  prostration.  The  leaking  tlnun  wms  i«|iiii«i 
and  the  attack  c<ea8«a.  Two  years  after,  typhoid  waa  introtlucf  d  by  one  of  th«  boyi  mul  spreil 
apporiatitly  by  the  use  of  the  cloects. 

f  "  VVahrHcheinlich  sind  die  Exbalati  onen  des  Knrakes,  Bcitio  Ejccremeate,  vietUieki  dii 
ii/tfh{fjieH  A  ftftffthiUle  im  Dnrrm.^  die  Triiger  de»  ContagitauB." — Cwistatt,  Spec.  J*aik,  md 
Ther.  2d  e<iit.  baud  ii,  p.  572  (1S47). 

t  EInigfl  Bemtrkuagi?n  lilier  die  Asiftt  Cholera.     Hanover.  1S48,  p.  3^ 

§  Tliere  sei  nied  at  once  «n  a  priori  arguniciit  ndversi*  to  this  viow»  as,  at  that  tiim,  tO 
evidence  wai  again«t  tbt?  iilwi  of  ch<4em  evjicuatifin»  being;  capable  of  eauifim;  the  dit^»- 
They  had  been  tasted  and  drunk  (in  1832)  by  men,  and  been  given  to  anirad^,  without  elTrct 
Persona  inoculntetl  thcmiM!! I v€»  in  di»Bt*ct ions  constantly,  and  bathed  their  hands  in  Un*  fluiib 
of  the  iIltestiIle^t ;  in  India  the  fiariabs  who  rt^move  excreta,  and  everywhere  the  washenranxa 
who  washed  the  clotht-M  of  tlie  sick,  did  not  tsftpecially  ssoffer*  And  to  ttiese  argumeoU  malt 
he  added  the  undunbted  fact^  that  tiiere  were  serious  delicieneiea  of  evidence  ia  Dr  Sdov\ 
early  cams.  (See  review  by  the  author  in  the  British  and  Foreign  Medical  Chintrgical  R^ 
view^  April  1S55,) 

y  Report  on  the  Cliolera  Outbreak  in  St  Jaroes'a  Westminster,  in  I8f51.  I/indoTi,  CbTtHsill, 
185^.^  Every  point  is  discussed  in  this  rejjort  with  a  eandour  and  nreciriii>n  which  leaT«t 
nothing  to  be  desired.  For  further  evidence  on  this  outbreaki  a««  LidiaEi  Sanitary  Report: 
eyidence  of  Dt  DundaA  ThomHon,  p.  272. 
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no  inilueoce  wliatever  was  exerted  by  drinking  wat^r.  No  evidence  could  k 
olitained  either  in  Baden  or  in  villager  nt^ar  Vitimifi.*  And  as  in  all  caseithi 
olmen^cra  were  not  only  quite  conipet^mt^  but  were  fully  cognizant  of  tbi 
opinions  held  in  Enj^land,  this  negjitive  evidence  is  of  great  weight.  At  Hhk 
same  tinie^  it  cannot  be  aihiwtd  to  « ►utweijojh  the  English  cases,  and,  moreoT«, 
even  in  Germany  some  pjsitive  evidence  has  been  lately  given.  Dr  liichter^ 
attributes  a  prejiontlerant  iuHueiice  in  a  local  outbre-ak  among  the  workmen^ 
a  sugar-manufactoiy  to  the  i)olhitioii  of  the  drinking  water  by  sewa^  ;  and  i 
etiU  more  striking  case  is  recorded  hy  Dr  Dinger,  |  in  which  the  dischiii:g«8  cl 
a  cholera  patient  passed  into  a  broc>k^  in  which  also  the  clothes  were  wasbfidi 
the  water  of  thLi  l)rt:M>k  being  utned  for  drinking^  there  was  a  sudden  and  tM 
lat^il  outhi-eak  ath^cting  the  persoiiB  who  toc^k  the  water.  ■ 

In  India  the  evidence  for  choh^m  wat-er  ^w^Lgoning  is  at  present  become  thj 
stTiing.  The  great  chok^m  outbreak  of  1860  and  18C1  was  attributed  by 
medical  officers  U)  the  dr^tik^ment  of  the  tank  water  *^  into  wliich  the 
onlure  of  the  natives  is  washed  during  the  miiiy  season ; "  §  and  still  mom  W 
ctjntly,  what  npjiears  to  be  a  striking  instance  has  occurred.  Nf3  one  can  Wid 
the  able  account  given  by  I>r  Cuiiingham  and  Ur  Cutliffe  in  the  Beogll 
licport  for  186711  of  the  appe-arance  of  cholera  ann^ng  the  Tast  fsmvi 
of  pilgi'ima  after  the  great  bathing  day  at  Hurdwar,  without  coming  to  tk 
couchision  that  it  was  a  case  of  wat*;r  pokoning  ou  a  gigantic  scale.^ 

That  in  India  the  cholera  poison  is  often  carried  by  water  appears  probtthK 
not  only  from  the  Hunlwar  outbreak,  but  from  the  very  atidden  and  viokfll 
outbreaks   and    the  great  Be  wage    contamination  in  the   w^ater    of    wuM 
district^**  ^ 

In  Central  India  Dr  Townsend  has  given  atn>ng  reasons  for  bolieving  tliii 
the  chidera  of  1868-9  was,  to  a  large  extent,  dependent  on  water-fouhfi^ 
(See  Report  on  Cholera  in  the  Central  Pi-ovincee.)  Dr  Macnamara  (on  AsiASie 
Cholera,  1870}  has  given  some  good  evidence  on  the  same  side?  (see  pp,  SJfi^ 
ef  »W-^.),  and  I>r  Cleghoru  {Indian  Medical  Gazette ^  March  1872)  has  m/td 
some  strikiug  jyrLiofa  of  the  same  fact^ft 

So  also  in  other  ctmntrics ;  the  attiick  which  caused  such  Icmm  li 
the  Fn^nch  Division  in  the  Dohnidscha  in  1855,  when  the  wells  were  mf- 
I>osed  to  be  yjoisoned,  and  to  the  English  cavalry  at  Devna^J^  the  watef  m 
ujipan.intly  the  means  of  carrying  the  disease. 

In  evidence  of  this  kitul  we  must  i^member  that  each  sucoessive  inslaBDrt 
adds  more  and  more  weight  to  the  instanoea  previouely  obaervi^il,  until,  fem 

•  Voli  and  Witl&cil,  quoted  by  H track  In  J&hrt^lb,  der  g*pti.  Mtd.  for  1867,  baud  u.  p.SL 

+  Arehiv  rkr  Hdlk,  18fi7,  p,  472.  $  Had.  18C7,  p,  81 

f  M'WiUiam.  Epidtni.  Society  IVftim  vol  i.  p.  274. 

II  Iteiwrt  uf  th<3  Sanitary  Cbtiiiiiissitmcni  vrith  tUe  Government  of  India  for  1867*  Calcitk 
186S. 

H  Dr.  J.  M,  CiinLbgham  1ms,  however,  smoe  renoutioed  the  theory  of  the  water  ounitftt  of 
chokra- 


*♦  Vide  Rei»ort  on  the  SanitAry  Adoiinistnitioii  of  th«  Punjaub  fur  1867,  and 
years,  by  A.  €.  C.  De  Kenny,  Eatj.     (C-nsw*  of  Peishawur  and  AniriUur,) 

if  See  alfto  the  rwmnrkabk  caae  of  the  Yerranda  jjaol,  reported  by  Sur|!:e^n*Mji)cir  H.  Blast. 
Oiit  of  1*279  priHontrH  there  were  24  cases  of  cholera  in  5  days,  with  8  dwitlis.  Of  th»«e  22caMi 
ofx-nrred  among  134  prisoners  e[n;»Ioyed  aa  a  mad-j^uK,  and  only  2  ainonp  all  Ihe  oftiMTt 
Viiriniiiily  employed.  It  was  shown  thiit  the  road-gang  alone  drank  of  water  from  the  Moolla 
llivL-r,  a  little  l>»flow  the  wtxjt  wbere  the  clothea  of  two  cholera  patients  fnim  the  viUag«  W 
been  washinl  and  their  Vtodif*  Imrrit  a  few  tlaya  before.  The  pe«t  of  thi'  prisoners  drank  tlw 
u*na!  water  supply  lai^l  on  from  a  lake  near  Pooiiah,  In  the  two  caseH  amoup  tlios*^  oih&rmm 
employed  direct  infection  was  undoubted  in  one,  as  he  attended  on  cholera  patient-s  and,  eoa- 
trury  to  oixiers,  took  hih  meals  iu  the  cholera  want,  and  drank  water  that  htid  >)een  standiag 
there  ;  the  other  man  ulept  near  one  of  the  first  casea^  the  patient  vomiting  in  hia  immf*^^'» 
vicinity, 

^  1  deiiTe  thhi  mfonztation  from  i  MS.  essay  of  Dr  Catteli 
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W  the  mere  sotnmmktion  of  casea,  the  cogency  of  the  argument  becomes 
I    liresifltible. 

I  2.  The  evidence  derived  from  such  local  ontbreaka  m  aupport*?ii  by  thai 
drawn  from  the  Imtoiy  of  more  general  attacks,  in  which  district  supplied 
with  impure  water  by  a  water  company  have  suJiered  greatly,  while  other 
districts  in  the  eame  locality,  and  presenting  other\Ai9e  the  same  conditions, 
were  suppbe*!  with  pure  wat^sr,  and  eu tiered  very  little.  Tbiis  the  liegistnir- 
General  ha«  Rhown  that  the  districta  supplied  in  1853,  part  by  the  Lambeth 
Company  with  a  pure  water,  and  part  by  the  Southwark  Company  with  an 
impure  water,  suffered  much  less  than  the  disti-icte  suppliwl  by  the  latter 
company  alone  (the  proportion  was  61  and  94  cases  respectively  U\  100,000 
of  population).  Schiefferdecker,  in  Kcinigsberg,  has  also  given  evitlence  to 
show  the  different  extent  in  which  districts  in  the  same  city  supplied  with 
pure  and  impure  water  suffer.* 

In  Bt^rlin,  in  1866,  in  the  houses  supplied  with  good  water  the  number  of 
houies  in  which  cholera  occurred  was  36  "6  per  cent ;  in  the  houses  with  hod 
WBker  was  52*3  per  cent-t 

3.  Additional  arguments  can  be  firawn  from  inatances  in  which  towns 
which  coidd  not  have  had  water  contaminattxl  with  sewage  have  e»cai)eil,  and 
instances  in  which  towns  which  have  siitFerexl  severely  in  one  epidemic  have 
escafied  a  later  one,  the  only  difference  Ijeing  that,  in  the  interval,  the  supply 
of  water  was  improved.  ExeU^r,  Hull,  Kewcastle-on-T)Tie,  Glasgow,  and 
Moscow  are  instancee  of  this.  Two  very  good  cases  are  related  by  Dr  Aclanrl.  J 
The  purish  of  St  Clement  was  supplietl  in  1832  with  iiltby  water  fr<:>m  a 
sewer-receiving  streanL  In  1849  and  1854  the  water  was  from  a  purer  source. 
In  the  liret  year,  the  cholera  mortality  was  great;  in  the  Inst  years,  in- 
significant Two  jails  were  near  each  other ;  the  one  sutfereil,  the  other  did 
not ;  the  water  was  impure  in  one  case  from  dminage,  pure  in  the  other.  The 
jail  with  bad  water  having  got  a  fresh  supply,  the  cholera  did  not  appear  in 
the  next  epidemic.  In  Copenhagen  a  fresh  water  supply  was  introduee<l  in 
1859.  Although  cholera  had  prevailed  very  severely  there  prtiviously,  in 
1865  and  1866  there  were  only  very  few  cases.  The  future  must  shcjw  if 
thijs  exemption  was  owing  to  the  purer  water,§  In  Haarlem,  in  Ilollimd, 
cholem  prevailed  in  great  intensity  in  1849.  In  1866  it  returned,  and  again 
prevailed  as  severely  in  all  parta  of  the  town  except  one.  Tlie  part  entiKdy 
exempted  in  the  second  epidemic  was  inhabited  by  bleachers,  who,  between 
1849  and  1866,  had  obtained  a  fresh  stuirce  of  pure  water.  || 

In  looking  back,  with  this  new  reading  of  facta,  it  would  seem  that  some 
older  reported  caaes  of  sudden  cessation  of  cholera  can  be  ex]>laincd,  such  as 
the  eaae  of  Breslau,  in  1832,  when  the  shutting  up  of  a  pump  was  followed 
by  thfi  very  rapid  decline  of  the  disease.  Doubtless,  however,  in  other  cases 
the  csusea  of  the  cessation  are  different ;  heavy  rain,  by  cleansing  air  and 
mwnBf  and  by  stopping  the  evolution  of  effluna,  will  sometimes  as  suddenly 
arrest  cholera.  Most  important  evidence  is  given  by  PnifeSi^or  Eorster  of 
Brealau  (Die  Verbreitung  der  Cholera  durch  die  Bnmnin,  Brealn!i,  1873). 
^  B«?  shows  that  five  towns  of  Sile«ia  (of  5000  to  12,000  inhnbitiints)  are 
W  entirely  free  from  cholera,  which  never  spre^ids,  even  when  introduced.  Tlie 
r  only  common  condition  is  a  water  supply  from  a  disUmce  which  amaof  lie 
eontominated.     In  Glogan  (13,000)  half  the  water  is  from  a  distance  and  hidf 


♦  aw  Kcport  on  Hygiene,  Army  Med.  Dupt  Report,  vol.  xii,  p, 
t  Die  K«tiAli«ition  von  Berlin,  1868.  p.  So. 

♦  Cbokra  in  Oxfoprl  in  1854,  by  H.  W,  Aclan<l,  M.D,,  p.  51. 
I  HoTDemann  In  Vircbow'ii  Archiv,  Hnnd  53,  p.  156* 

B  Bdlot»  Briti«b  Med.  Jonnuil,  April  ISm. 
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f ojm  wi^Ub  :  those  uaing  tbe  former  Temain  free,  those  using  the  hikes  ^m 
attacked.  In  one  case  iii  Breslau,  on  a  well  becomlDg  coiitaminiited,  tbl^H 
persons  were  inimodiabely  attacked.  Dantzig  and  Kiiuigsberg  xatsd  iooD^H 
to  suffer  equally :  Dantzigi  having  a  new  water^upply,  doeft  i^  flil^l 
Konigsberg,  witli  its  originiil  supply,  continues  to  do  sow*  ^U 

So  alao  other  curious  facta  iu  the  history  of  cholera  become  explial^l 
The  preTalenee  of  cholera  in  Eussia^  with  an  out-door  temperature  belcrw  i^H 
of  Fahf.y  boa  always  aeemed  an  extraordinary  cireumstanca,  and  it  appM^I 
only  possibhto  explain  hy  supposinf^  that^  in  the  houses,  the  foul  airM^^f 
artifieiid  tempemture  must  hjive  giv^GU  the  ]:K)ison  its  necessary  coudi^^^| 
dtiYidopiUi'nt  But  Dr  Eouth  hiua  ]>oint'ed  outf  that,  iu  the  poorer  aHH 
houses,  evertbing  is  tkrtiwn  out  round  the.  dwelliuga ;  then  owing  to  tbe  t^U 
and  the  expense  of  bringing  drinking  water  from  a  diiitatice,  the  inhabtti^l 
content  themselves  with  taking  the  snow  ne^r  their  houses  and  meltiug  it  ^M 
is  thus  easy  to  conceive  that,  if  cholera  evacuations  are  thus  thrown  ootit^l 
may  be  ixgaln  taken  into  tbe  body.  This  is  all  the  more  likely,  as  cliol^l 
8to<jls  have  little  smell  or  taste,  and,  when  mixed  even  in  Iju^q  quantitj  i^| 
water,  are  indefcectabie  by  the  Benses,  H 

We  may  therefore  conclude  that  the  cholera  evacuations,  either  at  ooclH 
after  undei^ing  some  special  f errneuttitive  or  transfonuation  change,  pas  ]^| 
drinking  water  or  float  about  in  the  atmosphere.  In  either  case  they  anH 
ceived  into  the  mouth  and  swallowed,  and  produce  their  elTects  dii^ctlf  fl 
the  mucous  Jiuunbrane,  or  arc  absorbed  int-o  the  blfxid.  Tbe  relative  freqilf^| 
of  each  occm-rencc,  the  incubative  period,  and  the  severity  of  the  disoiid^l 
duce<l,  are  points  still  imcertain.  ^M 

C  Macuamam  states  (**,  Asiatic  Cholera,"  p*  330}  that  the  dangerous  p^no^l 
when  the  water  into  which  cholera  stools  are  passed  is  e wanning  i^H 
vibrioiies,  and  that  when  ciliated  infuaoria  appear  danger  is  over*  He  sptfl 
strongly  on  this  point,  and  from  actual  experiemie,  H 

In  atlditionto  the  production  of  cholera  from  drinking  water  containing  ^ 
cholera  stools,  it  has  been  fiupjx>sed  that  the  use  of  impure  water  of  any  kvP 
predLiixises  to  cholera,  though  it  cannot  absolutely  produce  the  disease  Tb« 
facts  already  quottsd  on  the  iuUuence  of  the  Lamljeth  water  seem  to  suppoil 
this  view  ;  but  some  German  evidence  in  1866  does  not  favour  it. J  ilk 
water  acts  in  this  way,  it  can  only  be  by  causing  a  constant  tendency 
to  diai-rhiea,  or  by  carrj^lng  into  the  alimentary  cantd  organic  matter  'v\ii!^'i 
may  be  thrown  into  special  chemical  cliange^  by  a  small  quantity  of  choi*flH 
poison,  which  haa  been  introduced  with  air  or  food  and  swallowed. 

TtUow  Fei>er* 

As,  like  dysentery,  typhoid  fever,  and  cholera,  the  alimeutary  mucous 
merabraue  is  primanly  atlected  in  yellow  fever,  there  is  an  a  priori  pn:»W 
bility  that  the  cause  is  swallowed  also  in  this  case,  and  that  it  nxay  po^hh 
enter  with  the  drinking  water,  Uut  no  good  evidence  has  been  yet  hrougbt 
forward, 

lioudin  §  c|uut<?&  a  case  from  Eochard  in  which  a  French  frigate  (in  177$) 
took  in  water  at  San  Jago,  where  yellow  fever  prevailed.     Some  days  aft^Jt- 

♦  In  Indiii  also  aimilai'  resnlta  are  found.  CnUcn  eitaa  the  cane  of  Hnrdfl,  rendered  free  fttan 
<fliolera  by  improved  oooditioDs  of  water  iiupply.  Payne  rcportfi  that  tbe  new  water  sapply  tt 
Oftkutta  has  Bail  tbe  strongest  effect  in  diniimabing:the  mortality  from  cholera.  See  aim^ 
Export  on  the  Cholera  in  America  in  1873^  for  casencof  water  CAmage. 

1-  FiBCJil  Fenijentattorii  p.  24. 

£'*■  Bt?©  Jiepi>rt  on  Hvgi«no.  Anuy  Medical  Dept.  Report,  vol.  vii  p.  352. 
TtmtA  de  Geog,  et  de  Stat.  Med.  185b,  t  L  p.  HI. 
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5  waids  yellow  fever  broke  out  with  8ucb  violence,  that  two-thirds  of  the  crew 
1  were  attacked.  **  And  the  proof  that  the  only  catme  was  the  water,"  sa^'a 
Itochani,  **  was  that  the  persons  living  with  the  captain  had  vnth  them  jars 
filled  with  water  from  Eiiro|>e^  and  all  escaped."  Boudin  vc^ry  properly 
obaervL-s,  that  this  evidence  is  very  defective  j  but  yet  we  niiist  remember 
how  coniplek'ly  the  propagation  of  marsh  and  t^^hoid  fevers,  and  of  cholera 
by  water,  had  been  overlooked,  and  how  exactly  this  sudden  and  extensive 
attack  re&emblea  the  case  of  the  Argo, 

The  Barrack  Commissioners  have  also  directed  attention  to  the  fact  of  the 
great  impurity  of  the  water  at  Gibraltar  at  the  time  of  the  yellow  fever 
epidemic 

The  other  Zymotic  Dhemes* 

No  decided  evidence  has  yet  been  given  that  any  other  of  the  specific 
dlseftses  are  pvopag^ted  in  this  way,  but  I>r  Macadam  lia^i  l)riiught  some  evi- 
dence to  show  that  erysijielas  and  throat  ulcer  may  have  a  water  origin,*  and 
Dr  Menzies  has  stated  that,  in  Naples,  QJmm  of  {Efitnhiirgh  J/tv/.  and  Sur, 
Jmirtial,  Sept  1872)  diphtheria  occurred,  which  he  tliinks  were  caused  by 
contaminated  water.  The  evidence  is  not,  however,  at  [jresent  sulhcient  to 
pfove  this. 

4*  DISEASES  OF  THE  SKIN,  AND  SUDCCFTANEOUS  TISSUES. 

A  curious  endemic  of  boils  occurred  in  the  vicinity  of  Frankfort  in  1848. 
It  was  confined  to  a  small  number  of  persons,  and  presented  favourable 
opportunities  for  investigation.  An  elaborate  inquiry  was  made  by  Dr 
(lemenSyt  which  certainly  seems  to  indicate  that  the  complaint  was  caused 
by  drinkiiig  water  containing  sulphuretted  hydrogen  g^is,  which  was  set  free 
in  some  laig<e  chemical  works,  aud  was  washed  down  by  the  rains  into  the 
brooks  from  which  drinking  water  was  derived.  The  case  is  most  elaborately 
and  logically  argued,  but  it  certainly  seems  remarkable  that  other  instances  of 
the  same  kmd  should  not  have  been  observed,  esiwcially  as  in  some  trades 
there  is  disengagement  of  large  quantities  of  8H3  into  the  atmosphere,  and  as 
the  drinking  of  suiphuretteti  springs  is  so  common. 

The  peculiar  forms  of  boO  or  ulcer  common  in  many  cities  in  the  East  have 
been  in  some  cases  referred  to  the  water.  The  Aleppo  evd,  the  Darafl-sciis 
ulcer,  and  some  other  diseases  of  an  analogous  kind,  which  have  the  peculiarity 
of  occurring  only  once  in  life,  are  possibly  more  connect*id  with  the  true  con- 
tagious ;  but  the  unhealthy  boib  or  ulcers  so  common  in  India,  especially  in 
the  north'West  and  along  the  frontier,  are  probably  connected  with  bad  water. 
The  so-called  Delhi  boil  has  much  decreaseil  in  frequency  since  the  wat-ers  of 
the  Jumna  were  use<:l  in8U:'ad  of  the  impure  well  watt'r,J  l)Ut,  on  the  other 
hand,  Fleming's  observations  have  thrown  doubt  on  the  fact  of  the  water  being 
to  biame,§  With  reganl  to  the  frontier  idcers  in  Indiji,  Dr  iVlcock  {35th 
Bcgt)  has  given  some  cuiious  evidence^  wliich  seems  to  connect  them  with 
vegetable  detritus  and  the  evolution  of  sulphuretted  hydrogen. 

The  elephantiasis  of  the  Arabs  (the  so-called  Barbadoes  leg  or  Pachydermia) 

♦  Tnow.  of  the  Royal  Scottinh  Society  of  Arts,  1B6L 

t  Heole't  Zeitachrift  fiir  Nat.  Med,  1849,  vol,  viii,  p.  216. 

Z  See  AoQtial  Heport  of  San,  Com,  with  the  Govenmieiit  of  India  for  1S67,  p>  178  (1868), 
Some  excellent  utalyte«  of  the  Delhi  Wftien  are  given  by  Dr  Slieppard  ;  ^'ide  Dr  KlacnAttiara's 
Second  and  Thiid  Report*  of  the  snalysee  of  potable  watera  in  the  Bengal  Presidency.  Cal- 
CtttU,  1868. 

$  The  later  obeenratiom  of  Dn  D,  Conningham  and  T.  Lewis  have  t^ndedr  oq  the  other  hand^ 
to  weokiBti  Ihoee  of  Fkodiig,  and  to  show  that  the  wster  b  probahly  to  bknie. 
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hoB  "been  ascribed  to  organic  impurities  in  vater,  but  on  no  very  stringenJ 
evidencew  ~ 

5.  BlSEABEa  OF  THE  BONES. 

Water,  impregnated  with  sulphurous  acitl,  gives  rise  in  cattle  to  a  numhif 
of  serious  sjinptoma,  among  others  to  diseases  of  the  honea»  The  sulpbtm^l 
acid  evolved  from  the  copper  works  at  Swaiisea  has  caused  numerous  actioil 
on  account  of  the  Ut&s  i>f  herhitge  and  cattle^  J-kjssignol*  states  that  wnfti 
highly  charged  with  calcium  carhimate  and  sulphate  was  fouod  to  give  fis^t 
exostoses  iii  horses;  pure  water  being  |t:^ivenj  the  bone^  ceikjed  to  be  ~ 
Hani  water  is  said  to  make  horses'  coats  rough. 

6.   CALCULL 

It  has  long  been  a  popular  opinion  that  drinking  lime  waiters  gives  rise  ta 
calculi  (calcium  phosphate  and  oxalate).  JSeveml  medical  writers  have  held 
the  same  opinion,  and  have  ajdduced  iDilividual  instances  of  calculi 
(pbospbatie  ?)  lieing  ai>[)arently  caused  by  haal  waters,  and  cured  by  the  use 
of  soft  or  distilled  water.  On  a  lai^  scale,  statistical  evidence  L^,  as  f ar  a£  1 
know,  wanting.  The  excess  of  cases  of  calculi  in  ^^orwich  and  Norfolk 
generally  is  not,  ui  Dv  Itichardson's  ojiinion,  attrihutal>le  to  the  wat4*r,t  Br 
J.  Murray,  of  Newcastle,  has  lately  given  some  evidence  J  to  show  a  connection 
between  the  lime  waters  anti  calculi,  especially  phosphatic,  but  it  does  not 
app(iar  to  be  more  convincing  than  tliat  previously  adduced. 

At  Canton  stone  is  common,  whUe  at  Amoy,  Shanghai,  Xingpo,  and  c>t]icr 
plae4?8,  it  is  not  met  with.  The  cauije  of  the  difference  is  not  known,  but  it  is 
not  chalk  water,  as  the  Chinese  always  drink  lnjiled  water. § 

Professor  Gamgee,  however,  states  that  aheep  are  ptirticularly  affected 
calculus  in  the  limestone  districts. 


7.  GOITRE. 


1 


The  opinion  that  impure  drinking  water  is  the  cause  of  goitre  id  as  old  m 
Hipjiocrates  and  Aristotle,  ami  has  been  held  by  the  ninjority  of  pbysiciaM* 
The  opinion  may  he  sahl  actually  to  have  been  put  to  the  test  of  expertmenli 
since  both  in  France  and  Italy  the  drbiking  of  certain  waters  has  been  resorted 
to,  and  api>arently  with  success,  for  the  purpose  of  j^rodncing  goitre,  and 
thereby  gaining  exemption  from  military  conscription. ||  And  this  is  sujiported 
by  the  evidence  of  Bally ^  Coindct,  and  by  many  of  the  French  army  surgeons, 
who  have  seen  goitre  jiroduced  even  in  a  few  days  (8  or  10)  by  the  use  of 
ceiiain  waters-H  While,  conversely,  Johnston  saw  goitii^  whieh  vrtis  Ciimmon 
in  a  jaO,  disappear  when  a  pm'e  water  was  used.**  Apart  from  this,  the  evi* 
dence  for  the  causation  by  water  is  extremely  strong,  many  cases  being 
recorded  where,  in  the  same  village,  and  under  the  same  conditions  of  locality 
and  social  life,  those  who  drank  a  particular  water  suffered,  whUe  those  who. 


•  Traits  d*Hvffi^ne  MilitaJre,  1857,  p,  357. 

f  Mwl.  Hktoiy  of  tjiKland  ;  M«?dical  Times  and  Gassettc,  1S64,  p.  100. 

t  British  Medical  Journal,  Septeniher  1872. 

§  Dr  Wing  in  Chinesfl  Customs  Report  for  1S70,  p.  7L 

If  Among  other  evitlencc  on  this  point,  the  Inte  work  of  M.  Saint-Loi^r  (Sar  les  cam 
CretiniBuie  etdu  Goitre  enddmi'iiip*  Pftrts,  1867)  may  he  cited  (u.  191,  e(  ffjjX  ns  h©  appesrs  ta 
Imvt  carefully  looked  into  the  evulentyj.  See  also  Balllarger  (Compt«,s  R^ndns  de  I'Acad,  t. 
It.  p.  475),  who  also  states^  though  this  ha.'j  been  denied  bjr  Rey,  that  horses  and  iiiiil«« 
btjcorae  alTected  from  rlrinking  the  water  of  the  lahre. 

%  Encycloptetlia  of  Practical  Medirine,  voL  i.  art.  Brpnchr>c«le^  p.  3261.  _ 

••  Edio.  aiouthly  Journal,  May  1855. 
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did  not  do  ao  eeoapod.*    The  latest  author  who  has  written  on  this  subject, 
Ad  who  haa  accumulated  an  immense  amount  of  evidence,  M.  f^aint-Lpager, 

expreases  himself  very  confidently  on  the  point. 

The  impurity  in  the  water  which  causes  goitre  h  not  yet  pifecisely  known* 

It  h  certainly  not  owing  to  the  want  of  iodine,  as  statod  by  Chatin,  and  there 

is  little  probability  of  its  being  cauaeil  by  organic  mattitrs,  by  fluorine,  or  by 
L  silica.  On  the  other  hand,  the  coincidence  of  goitre  with  setlinieiitous  water 
k^  ia  very  fnxjuent  Sinct)  the  elabomte  geological  inqniriea  of  ^L  Grangof 
kbind  iheanalyBes  of  the  waters  of  the  LseW%  mjignesian  m\U  in  some  form  have 
Pf1>^^  often  considered  to  be  the  cause,  to  which  many  add  lime  salts  also  ;  and 
p  certainly  the  evidence  that  the  waters  of  goitr<:>U3  i«Iacc^  is  derived  fi-om  limo- 
I  stone  and  dolomitic  rocks,  or  from  8er{>entine  in  the  gninifcic  and  motamorpyhic 
I  legionSy  ia  very  strong.  The  investigations  m^w  include  the  Aljivs,  Pyrenees, 
I  Dauphine,  aorae  parts  of  Eusaia,  Brazil,  and  districts  in  Onde  in  North-Weat 
F   India.     A  table  compiled  from  Dr  M*Clellau'8  work  J  is  very  striking : — 

Goiire  and  CreHnism  in  Kumaon  {Ouih). 


Wft&er  derived  from 

fercentageof  PopnUrton  AtTeetiHL 

with  (5t.Ure. 

WHh  Ci-istlitlwra. 

Granite  and  gneiss, 

Mica,  slate,  and  hornblende,     .     . 

Clay  slate, 

Green  sandstone, 

limeBtoDa  locks 1 

0*2 
0 

0-54 
0 
33 

0 
0 
0 
0 

3^0 

There  are,  however,  not  wanting  analyses  of  water  of  goitrous  regions 
irhich  show  that  magnesia  may  be  absent  {in  Eheims,  according  to  Mauraen<S ; 
in  Auvergne,  according  to  Bertrand  ;  in  Lomlmrdy,  according  to  Dcniortain  j 
while  Saint*Lager  enumerates  other  case^),  whUe  it  has  been  also  denied  that 
there  neM  be  any  excess  of  lime.  M.  Saint-Lager,  basing  his  opinion  partly 
on  these  negative  instances,  partly  from  his  own  experiments  with  the  soap- 
tent,  which  show  no  relation  between  hardness  of  water  and  goitre,  and  partly 
Irom  the  negative  results  of  exj>eriments  on  animals  with  calcium  sidphate 
and  magneaitm  salts,)  denies  altogether  the  connection  between  goitre  and 
Cfdcitmi  and  magnesium  sulphates  and  carhonati^s.  He  states  ako  that  M, 
Grange  has  now  himself  given  up  the  belief  of  magnesia  being  the  essential 
agent  of  gottre,§  and  aiguea  that  the  constituent  of  the  water  which  is  the. 
actual  cause  is  either  Iron  pyrites  (ferrum  sulphide),  or  more  infrtjtpiently 
copper  or  some  other  metallic  sulphide.  And  he  explains  M*Cle Han's  results 
by  the  supposition,  based  on  an  expression  of  that  writer,  that  in  tlie  limestone 
districts  of  Kumaon  the  water  had  traversed  the  metalliferous  strata  of  the 
roeki*.  Saint-Lager  does  not,  as  far  as  I  see,  support  his  opinion  by  actual 
chemical  analyses,  but  he  brings  forwani  geological  evidence  on  a  large  scale, 
to  prove  that  the  endemic  appearance  of  goitre  coinciiles  with  the  metalliferous 
districts.  He  has  also  made  experiments  on  animtUs  with  iron  salts,  which 
do  not  appear  conclusive,  though  he  believes  he  produced  in  some  cases  an 
effect  on  die  thyroid.     His  hypotheais  seems  to  me  to  fail  from  this  want  of 

•  9«itit'L«irer  (op,  eiC)  cites  Mveml  Rtrong  cwm  (p.  102  e<  weq.). 
+  Ann.  de  Chiniic  et  de  Phy«,,  vol,  xxiv.  p,  8Si. 

i  Medical  Topogrnphj  of  fiengid,    I  have  included  tbe  fkcU  on  cretinism  illso,  wittioat 
dsdring  U»  erpresa  any  <^nio«i  on  ^e  relstion  between  goitre  and  eretinbm. 
I  Bor  Im  cftniM  da  Cretin,  at  du  Goitre,  p.  387. 
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chemical  analysis.  He  has  made  out  s  case  for  inquiry  rather  than  for  cofl 
elusion.  It  seisms  clear  that  while  it  may  be  admitted  that  impure  wiiterit| 
the  cause  of  goitre,  there  ought  to  be  renewed  chemical  analyses,  and  kA 
would  not  seem  diMcult  to  decide  auch  a  point  by  a  pro|>erly  condilctM 
inquiry.  ^ 

In  some  observations  lately  made  by  Dr  Ferguson  on  the  goitrt^us  part  of  ^ 
the  Baree  Doah  district  *  {a  boulder-gravel  subsoil),  the  water  is  stated  to  be 
largely  charged  with  lime.  In  the  jail  at  Durhttm,  Johustonf  etatea  thai 
when  the  water  contfiined  77  grains  per  gaUou  (chieliy  of  lime  and  magnaoaa 
salts),  all  the  prisoners  had  swi^Uings  of  the  neck  j  these  diaappeartsd  wheDi 
purer  water,  containing  18  grains  in  the  galloix,  wus  obtained.}:  M 

Goitre  may  be  rapidly  produced.  Bally  uoticetl  that  certain  "waters  fl 
Switzerland  would  cause  it  even  in  eight  or  ten  days^  and  cases  alinoet  fl 
rapid  have  occurred  in  other  places. g  ■ 

8.  EXT020A,  OR  OTHER  ANIMALS.  ^ 

^Whereas  the  Tmnia  mlmn  and  the  Tienm  jmdiOcaneUatci,  and  many 
entozoa,  find  their  way  into  the  body  with  the  food,||  the  two  fonn«  of  tl» 
Bothrio€sphaiu»  hihis  {T,  lata)  may  pnss  in  with  the  drinking  water. U  Both 
embryo  and  eggs  {but  principally,  or  perhaps  entirely,  the  former)  exist  in  the 
river  water.  The  ciliated  embryo  moves  for  several  days  very  actively  in 
water ;  it  may  then,  after  a  time  lose  its  ciliary  covering,  and  then,  not  being 
able  to  move  further,  perishes  ;  or  it  may  find  its  way  into  the  body  of 
animal^  and  there  develop  into  the  Bothriocephalns  latins. 

It  is  most  common  in  the  interior  of  Itussia,  Sweden,  in  part  of  Pol 
and  in  Switzerland, 

Didonia  hepaikum  {Fasdola  hepaiica), — The  eggs  are  developed  in  wal 
and  the  embryos  swim  about  and  live,  so  that  hitroduction  in  this  way 
eheep  is  probable,  and  for  men  is  pfjssible. 

The  Aacaris  lumbricoidea  (Round-wonn)  appeal^  also  sometimea  to  en\ 
the  body  hy  the  drinking  water.  At  ^Miiulmein,  in  Burraah,  during  the  wd 
season,  and  especially  at  the  commencements,  both  natives  and  Europeaufl* 
both  sexes  and  tdl  ages,  were^  during  my  service  thirty  years  ago,  so  adtacted 
by  lumbrici  that  it  was  almost  an  ejiidemic.**  The  only  circumstance 
common  to  all  classes  was  that  the  drinking  water,  drawTi  cluetly  from  shallow 
wells,  was  greatly  contiiminated  by  the  substances  washed  in  by  the  floods  of 
the  excessive  monsoon  which  prevails  there.  Dr  Paterson  hits  also  noticed 
similar  facts  in  England  (Aitken's  **  Practice  of  Medicine/'  6th  edition,  L  p^ 
124). 

Leuckartft  has  no  doubt  of  the  passage  of  the  ascarides*  eggs  into  drinking 

•  Sanitary  Administration  of  tlie  Punjab  for  1871,  Appendix  i,  p,  33» 

f  Edin.  Mantlily  Jotimal,  May  1855.  

J  In  Nottingham  tlie  people  attribute  Goitre  to  hoTdneas  of  water.  Generally  it  appe«iff 
only  witlt  magnejiium  limestont!. 

I  Manv  iustunoea  are  recordi^  in  the  Frencli  Military  Medical  Jonmal,  Recueil  de  Mem.  dt 
M€d.  MiLf  of  the  acuta  goitre  produr«d  in  a  few  days. 

\\  Dr  Oltver*!  obseiratioDA  in  India  nbow  timt  cattle  may  get  twnia  ova  from  the  water  ;  lo 
that  men  may  do  the  same.     (See  Aitken's  Med.,  6th  ed.  vob  i.  p.  179.) 

5  See  especially  a  paper  by  Dr  Knock  in  the  Peter  burger  Meil.  Zeitacb,  for  186l»  An  ab- 
ettuct  is  given  in  the  Lancet,  Jan.  25,  18fi"2 ;  and  the  pai>er  in  full  is  printed  in  Vrrchow'i 
Arehiv,  hand  xiiv.  453.  Cohbold,  however,  douhta  the  direct  entrance  in  this  way,  and  thinks 
it  more  probahk^  that  fiah  form  the  hoai  for  the  ova,  which  after  development  in  the  first*  may 
fiml  their  way  into  the  bodies  of  men  who  eat  the  liflh, 

••  The  native  treat mynt  is  thejiowder  of  a  fuii^^uii  ( Wah-mrO,  derived  from  the  feiuale  bamboo. 
It  i«  ninat  UJwful.     See  pa|>«*r  by  the  author  in  the  London  Journal  of  Medicine,  184&, 

4i-  Die  Meiuschliclien  Para^iteu,  band  iL  p.  220, 
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water;  antl,  indeed,  they  have  been  actuttUy  seen  in  drinking  water  by 
Mofller*  But  it  seems  yet  doubtful  (aa  till  expeiiment^  have  failed  in  pi-^j- 
ducing  from  the  drinking  water  the  worms  in  imimala)  whether  the  eggs  alone 
will  Buliice,  and  it  seems  possible  that  they  must  piiss  thrtjugh  some  other 
host  l>efore  develn|nng  in  the  human  intestine.  This  is  also  the  opinion  of 
Cohbold,  MosbT  attributeii  in  his  case  much  influence  to  the  large  amount 
of  vegetable  food  taken  by  the  pereona  affected 

The  Dochmius  duothnalis  (Sfrongt/lMS  duodenalUy  AnchylQstomum  mu 
Selerost&ma  duodertaie)  would  appear  from  Leuckart's  statementf  to  be 
introduced  by  impure  water.J 

Filaria  Dracunadus  (Guinea- worm). ^The  introduction  by  water  of  the 
Pilaiia  has  long  been  a  favourite  opinion.  It  haa  been  a  matt^^r  of  defjate 
whetber  it  is  taken  into  the  etomach  aa  drink,  and  thence  finds  its  way  {like 
the  Trichina,  to  the  musclea)  into  the  subcutaneous  cellular  tiiisue,  or  whether 
it  ]:>enetmt<^a  the  skin  during  bathing  or  wa*ling  in  streams.  The  latter 
opinion  seems  to  be  the  most  probable  in  the  majority  of  cases,§ 

Boiling  the  water  before  drinking  appears  to  have  some  preservative  effect  |I 
It  is  possible  that  the  Filaria  sanguinis  Jumtinis  of  Lewis  may  ako  be 
intTOiluced  by  drinking  water. 

Bilharzia  hcematobia,— From  the  observations  of  Griesinger,  John  Harley,fl 
and  Cobbold,  there  seems  no  doubt  that  the  embryos  of  this  entozoon  live  in 
water,  and  the  animal  may  be  thus  introduced  probably  by  the  meiiium  of 
Bome  other  animal  Br  Batho  doubts,  however,  this  introduction  by  water, 
since  the  entozoon  occurred  in  persons  using  lain  water  and  pure  mountain 
stream  water.     (**  Army  Med,  Eep."  vol  xii,  p.  504.) 

Leeches,— HefemTLce  haa  already  been  made  to  the  swallowing  of  small 
leeches,  which  fix  on  the  pharynx,  tmd  in  the  posterior  nan^s.  Clcghom 
(*' Diaeases  of  Minorca,"  1768,  p.  38)  noticed  that  coughs,  naunea,  and  spit- 
ting of  blood  were  thus  caused.  In  a  march  of  the  French  near  Gran,  in 
Algiers,  more  than  400  men  were  at  one  time  in  hospital  from  this  cause.  In 
some  cases  the  rej»eated  bleedings  from  the  larynx  have  siimilated  hiemoptysis 
and  phthisis,  and  have  product  anaemia.  A  leech,  once  fixed,  seldom  falls 
oir  spontaneously.  In  Imlia  no  accidents  of  this  kind  tire  on  reeoni,  yet  we 
must  assume  that  they  occasionally  occw. 

9.  LEAD,  MEBCUBT,  AB8ENIC|  COPPER,  AND  ZINC  POISONING. 

It  is  only  necessary  to  mention  the  fact  of  metals  passing  into  the  drinking 
water,  either  by  trade  refuse  being  poured  into  stnrfams,  or  by  the  water  dis- 
eolving  the  metal  as  it  flows  through  pipes  or  over  metallic  surfaces.  (See 
page  15.) 

In  1864  a  factory  at  Basle  dischai^ged  water  containing  aiBenic  into  a  pond, 
from  which  the  ground  and  adjacent  weUs  were  contaminated,  and  severe 
illness  in  the  persons  who  drank  the  well  water  was  jiroduced,  (Both  and 
Lex,  "Milit  Gesundsheitpfl"  p.  41.) 

•  VirchoVi  Anrhlv,  bo-nd  xriii.  p.  249.  t  Hiiil  band  ii.  p.  4^ 

t  The  importancQ  of  tbe  discovery  of  Grievinger  (Archtv  ftlr  Phya.  Heilk^  1854,  p.  555),  tliftt 
the  «>-caUed  wkk'ly  ipread  EgyptLaa  cblorosist  is  caused  by  ibe  Jjochmivs  duminMlis,  hw 
bardlT  tkeen  enJficieDtly  appreciated.  Not  only  an«e3nui  and  liver  djnea»e8,  but  frymptomii  re- 
ferred  to  dysenteiy  and  D^morrboids,  arc  often  aluo  produced.  Ajid  a*  siaiilar  Jactu  bav© 
DOW  been  oWnred  in  Brazil,  Arabia,  and  Hadaga»car,  it  Mem»  impoMibI«  but  that  in  lurim 
the  formidable  afrectioTm  caused  by  tbe  Dochmius  sbould  not  be  common. 

I  Bee  J)t  AHken'a  long  and  excellent  chapter  on  this  disease,  \n  tiie  f^rst  volume  of  bis 
Fnctioe  of  Medidne,  6tb  edition^  p.  139«  eL  »eq..  for^a  diacuMion  on  the  watei'  and  earth  question, 

II  Greenbow  in  Indian  Annah,  1856.  p.  557- 

%  Med.  Chlr.  Trana.,  toI.  xlvIL  p.  65,  and  vol  lii.  p.  379. 
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General  Candmiom. 

1.  An  endemic  of  diarrlicEa,  m  a  commumij/^  is  almost  always  owing  ( 
to  impure  air,  impure  water,  or  bad  food.     If  it  aiFects  a  number  of  ^ 
suddenly^  it  is  probably  owing  to  one  of  the  two  last  causes,  and  if  it  exl^ndi  I 
over  many  familied^  almost  certainly  to  water.     But  as  the  cause  of  impuiitj 
may  be  tiansienty  it  is  not  always  easy  to  find  experimental  proof. 

2.  Diarrht  ea  or  dysentery,  constantly  affecting  a  commimity,  or  returning 
periudically  at  certain  times  of  the  year,  is  far  more  likely  to  be  produced  by 
bad  water  tban  by  any  other  cause. 

3.  A  very  sudden  and  localised  outbreak,  of  either  typhoid    fever 
cholera,  is  aJmoat  certainly  owing  to  introduction  of  the  poison  by  water. 

4.  The  same  fact  holds  good  in  cases  of  malarious  fever,  and,  especially  i 
the  cases  are  very  grave,  a  j>ossible  introduction  by  water  should  be  carefully 
inquired  into, 

0.  The  iiitKKluction  of  the  ova  of  cextain  entozoa  by  means  of  water  j 
prc^ved  in  some  cases — is  probable  in  others. 

6.  ^\J  though  it  is  not  iit  present  jsossible  to  assign  to  every  impurity  in  ' 
its  exact  share  in  the  production  of  disease,  or  to  prove  the  precise  influ 
on  the  public  health  of  water  which  is  not  extremely  impure,  it  a|i 
certain  that  the  health  of  a  community  always  improves  when  an  abundtst 
and  pure  water  is  given ;  and,  apart  from  this  actual  evidence,  we  are  entitkil 
to  conclude,  from  other  considerations,  that  abundant  and  good  wttter  is  I 
primary  sanitary  necessity. 

SECTION  Y. 

EXAMINATION  OF  WATER  FOR  HYGIENIC  PURPOSES.* 

The  analysis  of  water  for  bygjenic  purposes  has  for  its  object  to 
whether  the  water  contains  any  substances  either  suspended  or  dissolved  iduch 
are  likely  t(5  be  hurtfid.  There  are  some  substances  which  we  know  ar&  not 
Hkely  U>  do  any  hann^  such  as  carbonate  of  sodium,  c^cium,  and  magnesiuia 
in  small  quantities.  Others  are  at  once  viewed  with  suspicion  as  indicating 
an  animot  origin,  and  therefore  being  probably  derived  from  habitations 
or  decaying  bodie-s.  In  other  cases  substances  in  themselves  harmlesa,  such  aa 
nitrates,  nitrites,  and  ammonia,  ar«  suspicious  from  implying  the  co-existence 
of,  or  the  previous  contamination  of  the  watex  by  nitrogenous  substaneeiw 
The  difficulties  in  the  hygienic  examination  of  water  are  not  inconsideraMft. 
A  judgment  must  be  generally  come  to  from  a  collation  of  all  the  evidenoe^ 
rather  than  from  the  results  of  one  or  two  te^ta-f 

CvUcdion. 

Great  care  must  be  taken  that  a  fair  sample  |  of  the  water  is  collected  in  p6^ 
fectly  clean  glaas  vessels  (not  in  earthenware  jars) — Winche^t^r  quarts  art 
most  convenient — which  should  b©  repeatedly  waeheil  out  with  some  of  the 
water  to  be  examined.     The  bottle  should  be  stoppered ;   a  cork  should  hi 

*  I>r  F.  N.  M«icii*miiTn  hsm  prep^r&d  for  use  In  Indi*  "A  Scbenie  for  the  Analysia  of  PoUbb 
WfttereT    It  «  an  admirabk  «clieroe,  and  I  hiive  made  use  of  sorae  p»rt»  of  it. 

f  BoM«  containing  icitte  and  apj^ratus  flnfilcient  to  carry  out  the  analyses  recomnienil«d  In 
thin  book  are  lold  hf  Mentrpt  Savory  &nr|  Moore,  New  Bond  Street,  Londoit,  and  by  M«Mn 
Gnflin  k  Sonji,  Garrick  Street,  Covpnt  Uanien. 

X  Thn«,  in  tnkinjif  water  from  a  sti^ara  or  lake,  the  bottle  onjiht  to  be  phmgted  below  tin 
ntrface  Ijefort*  it  is  15 lied.  In  drawinfj  from  a  pitK\  a  portion  ought  to  be  allowed  to  ran  awaf 
first,  to  f^t  nd  of  any  impurity  in  the  pipo.  In  judging  of  a  town  sitppty,  aamplos  thowA 
be  obtained  direct  fiom  the  mains,  as  well  as  from  the  housed. 
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The  furtlier  and  complete  examination  of  the  water  may  be  con^ 
divided  into  two  ports ;  t^e  examination  of  the  suspended,  and  of  the  dis$oM| 
matters. 


SirB-SKcnoN  L 

ExABOKATIOir  OF  SUSPENDED  MATTKHa. 


The  suspended  matters  may  be  either  mineral  (sand^  clay,  chalk,  fine  fiba  I 
of  mica,  iron  ptiroxide),  or  dead  animal  or  vegetable  matteiSj  or  li\-ing  creauiitt 
(plants  and  animals). 

To  examine  iJie  colour  and  deted  the  presence  of  Su^ipernhd  Matien, 

Pour  some  of  the  water  into  a  tall  white  glass  vessel  place*!  on  white  piper 
or  plaH  !ind  look  down  it ;  a  depth  of  2  feet  is  desiriihle,  but  a  stratum  of  i 
foot  or  1 8  inches  will  give  valuable  information.  A  similar  glass  with  distilled 
water  should  he  used  for  comparison.  8ul)stince^  giving  colour  ami  op^cilT 
iti  water  c^nbe  thus  detect4id  when  merely  looking  through  the  water  gives  lu 
indication.  Perfectly  pure  water  has  a  bluish  tint,  and  several  feet  of  thid- 
nifss  do  not  ol>scure  the  bottom  of  the  vesseL  As  water  becomes  turbid  tib 
buttfim  of  the  ve.ssel  is  less  distinctly  seen,  or  is  obscured  altogether,  by  pa^ 
haps  only  a  few  inches  of  water.  The  depth  obscuring  the  bottom  of  tk 
vessel  should  be  noteii,  and  the  kind  of  colour ;  a  green  colour  indicates  t^ 
table  impurity  generally,  a  yellow  or  brown  colour  animal  ina purity,  extxpL 
in  peat-water. 

Living  animals  moving  through  the  water,  like  the  water-ilea  or  Cyclops,  m 
best  dett»cted  by  lixiking  through  the  water.  Any  water  which  is  veiy  turhH 
IB  A  saspicious  one,^ 

To  determtne  tJw  nature  of  the  Suspended  Matters,  ^B 

Suspended  sand  or  clay  gives  a  yellow^  or  yellow- white  turbidity ;  Tegetilw 
humus  and  pmt  give  a  darkish,  sewage  gives  a  light  bro^vn  colour  ;  but  dift 
colour  or  turbidity  alone  is  a  very  insufficient  test.  Then  boil  the  water,  and 
fM>ur  it  back  into  the  long  glass.  Sancl,  chalk,  and  heavy  particles  of  tfaa 
kiud  will  be  deposit4Hl ;  finely  suspended  sewage  and  vegetable  matter  tslittit 
affiicte^i,  unless  it  be  a  chalk  water,  when  the  deposit  of  calcium  carboni^ 
may  carry  down  the  sus|:>ended  matter.  When  the  water  is  commencing  to 
boil,  smell  it  to  see  if  there  is  any  tmce  of  sewage. 

■ 

I^IJCR0SC0PIC  Examination.! 

The  examination  with  the  micniscopo  can,  however,  alone  give  accurate  in- 
fonaation  of  the  nature  of  the  suspended  matters.  Very  high  jiowera  (1000 
f>r  1200  diameters)  are  necessary  for  a  complete  examination,  though  lowsr 
]H»wer9  \vill  givQ  much  information. 

If  the  matter  is  entirely  suspended,  a  drop  of  the  water  must  be  taken  al 
Kfico;  but  when  it  can  be  obtained,  a  little  of  the  se^lioient  is  more  satisfifr 
tory.  To  get  a  sediment,  the  water  should  be  placetl  in  a  conical  glaas,  caro- 
fully  covered  and  allowed  to  stand  for  a  few  hours ;   and  the  upper  part  of 

•  Q^nrdm  fecommcndB  that  tbe  Itiatre  (iclati  slioulii  be  noted,  antl  consi<l^r8  it  an  indtx 
of  tbe  i»n'senc«  of  oxy^^n  in  Bolwtioii ;  &  pure,  weU  aerated  wnter  ba-i  a  liriliimit,  spurkliu.  «r 
adamanltuv  UiJitre,  whil«t  an  impure,  bmily  aerated  water  h&»  m  dnU  or  vitreous  luutre.  ^^ 

t  For  A  ^rood  n'suiiie  of  this  part  of  the  exaniiiiatioiij  refen?nce  may  be  mmle  to  ProfeMor 
Mnrdf)ii.iUrs  Lxeellent  work,  *'  A  Guide  to  the  Mkro«copic  exaruiuatiou  of  Drinking.waier  by 
J.  D.  Macdonald,  R.N.,  F.R.S.,  Deputv  Iiwpector-gemaral  of  Bosx^iUh  and  ¥\mU,  Professor  df 
NuTol  Hygkne,  Army  Medical  School" 
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witli  immersion  lenses)  are  require*!  to  see  them  properly.  When  they  appeiTj 
ill  water  it  is  necessary,  as  Lex*  has  shown,  that  besides  oxygen  three  cm- 
ditiona  muat  he  present — (!)  an  organic  carbcmaceoiia  substance ;  (2)  i 
iiitrogt^nous  substauee,  which  need  not  \m  orgauic- — a  nitrate,  for  examiib^ 
will  wc41  nourish  bacteria,  and  is  reduced  to  nitrite  by  their  growth ;  (3>  § 
phosphat-e,  which,  however,  may  Ijo  in  exceedingly  small  quantity.  Tbi 
bacteria  may  either  orij^diifilly  exist  in  the  water^  or  be  introduced,  BunJciii- 
Sanderson's  exj^eriment^,  however,  are  not  favutimble  to  the  introduction  d 
bacteria  from  the  air,  though,  as  notictnl  un<leryl/r,  large  numbers  of  o«Jk 
which  seem  to  belong  to  the  same  dimn  can  be  obtained  from  the  air. 
appears  froui  Burdon-Sanderson*s  observations,  that  the  germs  {if  thw  tej 
allowed)  of  bacteria  may  exist  in  water  and  be  indetectable  by  the 
microscopic  powers,  or  even  by  Tyndall'a  t^st  of  the  electric  beam."  To 
detect  these  the  t-est  by  cultivation,  or  what  may  be  called  the  microzf/me  t'M 
for  waffry  can  be  emi>loyed.  Take  a  little  recently  prepare*!  clear  Pasteur's 
iluid,  I  boil  it*,  and  put  one  or  two  G,C.  into  a  test  tul>e  previoualy  sti\»n^jr 
heated  to  356°  Fahr,  dn>p  in  three  or  fuur  dn>|i.s  of  the  water,  and  close  ih& 
mouth  of  the  tube  with  cotton  wuot  If  niicrr»z;^nues  or  their  germs  exist  m 
the  water,  in  a  few  days  the  liijuid  becomes  milky  from  countless  bacteridin 

As,  however,  even  distilled  water  and  the  purest  ice-water  contain 
bacteritiiii,  the  test  cannot  he  used  as  an  indicatictn  of  good  or  bad  wntei^ 
except  in  connection  with  others^  ami  with  due  regard  to  temperature^  whicK 
has  a  great  efi'ect.  All  it  will  show  is,  that  the  great*??  or  less  rapitiity  of 
apfw^arances  of  opalescence  will  prove  that  microzymes  are  more  or  kn 
abmulant 

The  present  view  is,  that  while  it  has  not  been  conclusively  shewn  that 
bacteria  or  vibrioues  are  in  themselves  hurtful  (though  they  aru  so  held  by 
some  observers),  their  i*resence  indicatea  the  coexistt^nce  of  certain  oi^gaaie 
substant5t)s  and  putrefactiou,  and  putrefactive  substances  in  water  are  certainly 
dangerous. 

The  epirUlum  can  also  bo  often  detected  in  water.  In  addition  to 
microzymes  the  water  will  always  contain  various  allied  protozoa,  which  are 
usually  termed  monads  or  zoogltea,  and  which  seem  to  have  the  same 
significance^  as  bacteridia.§ 

{e)  Iihizo|ioda,  es]>eL'ially  ama^bie  and  similar  forms,  may  often  be  detected 
with  high  powers.  They  api)ear  to  indicate,  like  bacteridia,  the  existence  of 
putrefying  substances,  but  this  is  not  yet  certain. 

{/)  Euglenffl  (of  diflerent  sj^ecieSp  such  m  E.  mridis,  E,  pyrum^  &c)  are 
found  in  many  watei-s,  especially  of  x>ontls  and  tanks. ||  Ciliated,  free,  and 
rapidly  moving  infusoria,  belnnging  to  several  kinds  of  common  protozoa,  sudi 
as  kolpoda,  paramecium,  colejxs,  steutor,  kerona,  stylonichia,  oxytricha,  &c, 
are  also  found.  The  abundance  of  these  botlies  indicate,  of  course,  that  tlin 
water  contains  food  for  them,  and  this  must  be  either  vegetable  or  animal 
organic  matter,  but  the  mere  preacnee  of  these  infusoria  will  not  show  whicli 

•  Ct'Utrolbmtt.  ftir  die  MecL  Wis*.,  No,  20,  1872,  p.  305. 

t  Evetitimlly  tlie  nitrite  dUappeara,  nitrogen  beiripj  libenitetl 

*  Pasteur's  duid  is  composed  of  10  granimea  of  cryatnlliBed  sugar  ;  '5  gramine*  of  ammonimB 
Urtrate  ;  '1  of  well  burnt  yeast  iwh,  and  100  C.C.  of  distilled  water.  It  should  be  quite  iter. 
It  \a  a  capital  breedinc-ground  for  micro«yrnea  or  fungL 

§  According  to  Dr  Macxionald,  **  All  aoaloj^y  would  go  to  iudicat*  tbfit  the  Zooglftjn  fonn  of 
Baeterium  (enno  may  be  regarded  as  the  pri  ruary  or  iiormal  alale  of  thiJ*  orgHDwru,  the  avi' 
rounding  gelatinous  matter  being  simply  the  representatiun  of  that  wMcli  forms  the  indefinite 
form  of  Microhaim,  or  Paimdla  for  examnle,'*  (op,  ciL  p  14). 

II  There  appears  reason  to  believe  that  all  or  most  of  the  flagellate  an  i  male  tiles  are  regetablcw 
and  tba  mlimter  are  (such  «a  monju)  probably  counectdd  with  the  reproduction  of  higher  fotiu% 
giicK  as  fungi. 
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Is.  Hassull  noticed,  however,  in  1850,  tbat  the  Thames  water  helow 
[IBrentford,  where  it  was  mixed  with  sew^e,  swarmcil  with  pmumt^cia,  while 
Kew,  where  the  water  was  freer 'from  sewage  matters,  they  had  almost 
^i$ap[>eared«  Suhseqtient  obeervations  have  not,  however^  proved  the  relation 
^between  paramecia  and  animal  matter  in  the  water  to  be  ayffidently  constant 
>fco  allow  the  former  to  be  used  as  a  test  of  the  latter.  Fixed  or  slr^vv^  moving 
-infusoria,  a»  the  vorticeUas,  are  also  often  seem 

(*/)  Fungi, — ^In  any  water  which  contatna  nitrogenous  matter  (of  animal 

nature,  at  any  rate)»  sugar,  and  a  little  i»hosphate,  fungi  will  soon  appear,  and 

ibe  spores,  no  doubt,  enter  from  the  atmosphere.     Spores,  sporeH^ase^,  and 

I  delicate  mycelium  can  be  seen,  and  oft«n  bacteridia  co-exist     If  fxmgi  are 

I  found  in  water  they  indicate  impurity,  and  such  water  should  not  ho  used  if 

it  cam  be  avoid ed^  or  should  lie  purified.*     Boiling  does  not  kill  the  fungi, 

•rdingto  Heisch;  charcoal  filtratitm  does  so  according  to  tbesame  observer, 

h  Frankland  bis  thruwn  some  doubt  on  this  point     Animal  ciiartoal 

some  phosphate  to  the  water,  and  in  this  way  might  aid  the  growth  of 

fimgt      According  to  Warrington   and   Bisr.hof   spingy  iron  (obtained  by 

QBkining  with  charcoal  the  residue  from  burnt  copper  p>Tites)  gives  off  no 

phosphate,  and  water  filtered  through  it  is  tjuite  freed  from  fungi. 

Heischf  states  thai  sewage  matter  in  water  gives  rise,  when  sugar  is  added 
to  the  water,  to  a  peculiar  fungus,  which  he  describes  as  formed  of  very  small, 
perfectly  spherical  transparent  cells  arranged  in  grapie-like  bundles ;  they  grow 
xapidly  into  mycelia,  and  are  attended  with  the  special  character  of  producing 
the  cxlour  c»f  butjTic  acid.     The  mycelium  soon  disappears. 

Dr  Frsmkland  doubts  whether  fungi,  which  are  rt^adily  produced  by  adding 
sugar  to  sewage  water,  are  distinctive  of  sewage,  as  apparently  similar  cells  ore 
caused  by  other  animal  matters. 

The  identification  of  the  sp<ires  of  fungi,  and  even  of  the  mycelium  as  seen 
in  water,  is  so  extremely  difficult  that  it  would  lie  at  present  ra,sh  to  affirm 
that  any  fungoid  elements  are  distinctive  of  fcecal  matter.     The  butyric  arid 
*  smell  also  is  given  oflf  by  so  many  impure  waters  that  it  could  hardly  be  u^ed 
as  a  test  for  f secea. 

{h)  Algae  and  diatoms  are  found  in  almost  dl  running  streams,  and  algse  are 
also  seen  in  many  well  waters.  They  cannot  be  held  to  indicate  any  great 
impurity ;  and  to  condemn  water  on  account  of  their  presence  woidd  \m  really 
to  condemn  aU  waters,  even  rain,  in  which  minute  algold  vemclt^  (protococci) 
are  often  foimd. 

The  forms  of  theyarious  confervce  in  water  are  very  numerous ;  some  being 
oolouisd  graetn,  at  other  times  they  are  quite  colourleas,  round,  ij^iLited,  or 
clustered  vedicles^  The  immature  forma  may  not  be  easy  of  identific^'ition. 
The  diatoms  are  always  easily  leoognised  ami  identified.  In  many  waters  the 
living  objects  in  the  above  five  classes  comprise  all  that  are  seen,  but  in  other 
cases  there  are  itnimals  of  a  larger  kind 
I  (i)  Hydrozoa,  especially  the  fresh  water  polyps,  are  common  in  most  still 
KTHratei^,  and  do  not  indicate  any  thing  hurtful. 

r  (At)  Worms,  or  their  eggs  and  embrj^os,  belonging  t«3  the  class  Scide^ida, 
may  occur  in  water,  and  are  of  gre^it  importance.  The  eggs  and  joints  of  the 
tapeworm,  the  embryos  of  the  Bothrit:)cephali,  the  eggs  of  the  round  and  thread 
W0!nii%  and  perhaj^d  the  worms  themselvea,  the  Guinea-worm,  and  other  kinds 


*  Intbectaea  of  mtUrlotifl  fever  at  Tilbury  Fort  (Army  Med.  Reports,  toI.  xvii.)  fungoid 
Ktmctnrei  were  fotiiid  in  lb«  water  wbove  u*e  was  coincident  with  ilio  fcvor^  but  were  at»««nt 
fmrn  the  water,  following  cm  whoee  use  the  fever  ceoaed, 

+  Cbeinical  News,  JuM  1870. 
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of  Filaria ;  the  eggs  of  Dockmiiis  duodenali^,  and  other  dietomata,  and  in  I 
enihryoB  of  the  Bilharzid,  have  all  been  recogniBed  in  wat(ir  thciugh  it  hm  M I 
yet  Inien  «hown  that  in  all  cases  they  can  Iw  thus  introduciitl  int<3  the  humaa| 
body.  Possibly  the  Ftlarla  mtiguinu  hoviiim  may  l>e  taken  m 
water,  hut  evidence  is  wtmting.  The  wonns  themselves  cannot  ha  overL 
hilt  both  the  eggs  and  the  free-moving  embryos  are  diflicult  of  ident 
The  gix'ateat  care  should  be  used  in  examining  water  to  detect  the  ova, 
India  the  abundance  of  minute  Filariie  baa  led  to  the  genei^  termoll 
**  tank- worm  "  being  applied. 

The   presence   of   even   common    Anguillula^   in   water  shows    geiieii%  I 
an  amount  of   impurity,  and   aucb  a  water  must  be  regarrled  with  grat] 
suspiciun.     Small  leeches  fdso  are  not  uneummon  in  both  still  and   runiu^i 
waters. 

The  wheel  animalcules  are  common  enough,  and  cannot  be  regarded  i 
very  imiKjitant,  though  certainly  when  they  exist  there  must  be  a  good  dul  I 
of  food  for  them,  and  consequently  impurity  of  water. 

{/)  Entoniostraca  (such  as  the  water  Ik^a,  Duphnia  puhx^  fig.  2  :  the  C^eZcfil 
quftdricQniis^  %.  3 ;  the  Siday  Moina^  Pohjphemfii^^  and  others)  are  veif 
cunmioii  in  the  spnug ;  they  occur  in  so  many  good  waters  that  they  cannfll  | 
be  considered  as  indicating  any  dangerous  impurity.     It  is  said  that  they  m 
only  found  near  (within  one  or  two  feet)  of  the  surface. 


r 


Fig.  2. 


Fig.  8, 
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(m)  There  are,  of  course,  many  other  tolerably  lai^e  animala  often  found 
in  water  j  the  lan^se  of  the  Avater-gnat  (Dtjii^cu^i)^  the  water-boatman,  or  skip- 
jack {Notouecia  glaujca)^  and  the  pujMi  fonu  of  many  insects  may  bts  found,  but 
they  are  chiefly  in  iKjnd  water, 

8o  many  are  the  objects  in  water  that  the  observer  will  be  often  very  much 
at  a  loss,  £r8ty  to  identify  them,  and  secomlly,  to  know  what  their  preseiMe 
implies.  The  best  way  is  first  to  see  what  objw^ts  apjjear  to  be  tmnenil,  or 
non-li%TJig  ve^etiible  substances,  and  %o  fix  the  origin  and  i!iitiniate  the  f|uajiti! 
as  far  as  it  can  be  done.  Then  to  turn  to  the  living  ci-eatimis  and  to  k^^jk 
attentively  for  bactej'idia,  amoebaa^  fungi,  and  ovii^  and  small  worms  and 
leeches.  If  none  of  these  exist,  the  water  cannot  be  considered  dangerous. 
Ciliated  infusoria  of  various  kinds,  Diatoms,  De^smids,  and  Algse^  are  chiefly 
important  in  comiection  with  microgcopic  evidence  of  decaying  vegetable 
matters,  and  with  chemical  tesls  showing  much  dissolved  oiganic  imptirity  in 
the  water. 

The  subjoined  plates  show  the  principil  objects  found  in  a  deep  well  water 
(Plate  I.) ;  in  a  slow  running  stream  (Plate  lb) ;  in  Thjimes  water  taken  in 


^ 


Descbiption  op  Plate  I. 

Sediment  from  South  wing  WeUy  Netley,  drawn  with  the  Camera  lucida  at  ths 
digtance  of  10  inches  from  the  centre  of  eye-piece  to  paper. 

The  presence  of  infusoria  and  animals  of  low  type  indicates  the  presence  of  orp^anic 
matter,  animal  or  yegetable,  and  it  is  therefore  important  to  note  their  presence  ;  but 
it  has  not  at  present  been  shown  that  they  are  in  themselves  at  all  hurtfnL 

aaa  Actinophrys  Sol,  early  and  complete  stages,  x  260. 

h  Supposed  decomposing  amceba-like  expansions  of  Gromia  fluviatilis, 
X  435. 

e  Fragment  of  carbonate  of  lime,  x  435. 

d  Navicula  viridis,  x  435. 

e  Qrammatophora  marina  ?  x  435. 

/  Supposed  encysted  stage  of  Euglena  viridis,  x  435. 

g  Pinnate  conferva,  x  780. 
hhh  Fragments  of  decaying  vegetable  matter,  x  65. 

ii  Fragments  of  carbonaceous  substance. 

j  Part  of  conferva  filament.  Conferva  floccosa  ?  showing  the  various 
conditions  of  the  protoplasm  in  the  old  and  new  cells,  x  435. 

k  Part  of  leaf  of  Sphagnum  or  bog-moss,  x  108. 

I  Qrammatophora  marina,  435. 
m  Minute  spores  with  zoospores  ?  x  435. 

n  Diatoma  hyalinum,  x  435. 

0  Cell  with  dividing  protoplasm,  x  435. 

p  Oxytricha  lingua,  x  260. 

q  Rotifer  vulgaris,  small,  x  108. 

r  Anguillula  fluviatilis,  x  108. 

s  Peraaema  globosa,  x  108. 

t  Statoblast  of  a  fresh- water  zoophyte  ?  x  108. 

u  Arthrodesmus  incus,  x  435. 

V  Minute  Desmidioe,  Scenedesmus  obtusus,  x  780. 

w  Oscillaria  (oscillatoria)  loevis,  x  780. 

z  HonuBocladia  filiformis  1  x  435. 

y  Ankistrodesmus  Meatus,  x  435. 

z  Minute  moving  particles,  x  435. — (?)  Zoospores. 


(To  Bind&r^To  face  Plate  I.) 


Description  op  Plate  II. 

Sediment  of  Ditch  Watery  drawn  with  the  Camera  lucida  at  ihe  distance  of  10  inch^i 
from  eye-piece  to  paper, 

a  Deca3rmg  vegetable  matter,  cellular  tissue,  x  108. 
b  Pleurosigma  formoeum,  before  dividing,  x  170, 
c  Oxytricha  gibba,  x  108. 
d  Amphileptus  anser,  x  170. 
e  Euglena  yiridis,  x  285. 
/  Supposed  urceola  of  some  rotifer,  x  108. 
g  Surirella  gemma,  x  108. 
h      Do        da      X  65. 
i  Foraminifera,  x  65. 
j  Trachleocerca  linguifera,  x  65. 
k  Small  Plauaria  ?  ovisacs  distended,  x  65. 
I  Navicula  viridia,  x  285. 
m  Paramecium  aurelia,  x  170. 
n  Coleps  hirsutus,  x  285. 
0  Pleuronema  craasa,  285. 
p  Monura  dulcis,  x  170. 
q  Surirella  splendida,  x  170. 
r  Biddulphia  pulchella,  x  285. 
8  Surirella  striatula,  x  170. 
t  Rotifer,  Monolabis  conica  ?  x  108. 
u  Aregma,  spore  cases,  x  285. 
V  Stcntor  ceruleus  ?  do.  v.  x  contracted,  x  170. 
w  Trinema  acinus  ?  x  170. 
X  Pinnularia  grandis,  x  170. 
y  Gyrosigma  angulatum  before  dividing,  x  170. 
z  Alyscum  saltans  ?  x  170. 
oa  Synedra  ulna,  x  170. 
bh  Amphiprora  alata,  x  285. 
cc  Gyrosigma  Spencerii,  x  285. 
dd  Nitzschia  sigma,  x  170. 
ee  Brachionus  angularis,  x  170. 
ff  Young  Vorticella?  x  170. 
gg  Gyrosigma  fasciola,  x  285. 
lih  Trachelius  strictus,  x  285. 
a  Cocconema  Boeckii,  x  170. 
jj  Confervoid  cell  /  with  divided  protoplasm,  x  285. 
kk  Euplotes  Cbaion,  x  170. 

(To  Byndef—To  face  PlaU  11.) 


Dbscbiftion  of  Plate  III. 

Dramng  ofSedimmtin  Thames  Water,  taken  put  above  Teddington  Lock,  in  AfrU 
1868.  Notice  ih$  evidence  of  impwriiiee  from  men,  vu.,  epiiheUum,  wodkn^ 
cotton,  and  flax  JUtree, 

Fig.  1.  Coleps  hiisuttLB. 

2.  Bodo  grandiB. 

3.  ActinopluyB  EicbomiL 

4.  Epithdiom  (teesellated). 

5.  LeucophijB  striata. 

6.  Anguillola  fluviatili& 

7.  Paramecium  chrysalifl,  dividing  (?  sexual  stage). 

8.  Vorticella  microstoma. 

9.  Eerona,  young  ? 

10.  Vorticella  microstoma  (stemless). 

11.  Paramecium  aurelia. 

12.  Conferva. 

13.  Cocconema  lanceolatum. 

14.  Synedra  splendens. 

15.  Gjrosigma  attenuatum. 

16.  Gomphonema  acuminatum. 

17.  Wool  fibre,  dyed. 

18.  Cotton  fibre,  dyed. 

19.  Conferva  floccosa. 

20.  Hair,  barbed,  of  ? 

21.  Keroua  mytilus. 

22.  Siliceous  spicule. 

23.  Diatoma  vulgare. 

24.  Fimgi(?Torula). 

25.  Flax  fibre. 

26.  Arthrodesmus  quadricaudatus. 

27.  Stylonicbia  ?  histrio,  dividing. 

28.  Paramecium  caudatunL 

29.  Woody  fibre,  1  rootlets. 

30.  Pollen. 

31.  V^etable  tissue  and  mycelium,  with  spores. 

32.  Decaying  vegetable  matter. 

33.  Gomphonema  curvatum. 

34.  Spores  of  Fungi  (?  Aregma). 

35.  Antherozoid  of  ? 

36.  Encysted  spore. 

Decaying  vegetable  matter  and  infusoria  abundant. 
(To  Binder^Toface  Plate  IIL) 


68  WATER. 

The  stability  of  the  nitrogen,  the  inciease  in  the  carbonic  acid,  and  ^ 
lessening  of  the  oxygen,  are  well  seen.  If  water  contain  much  carbonic  loi 
bubbles  of  the  gas  form  on  the  sides  of  the  glass  in  whicli  the  water  is  placei 
To  determine  the  quantity  of  those  gases,  we  require  a  mercurial  troogfa,  i 
graduated  tube-measure  to  be  filled  with  mercury  inverted  into  the  trough,  • 
flask  and  a  connecting  tube  with  a  bulb  blown  on  it  The  flask  is  filled  vitk 
water  and  connected  with  the  bulb-tube  by  an  indiarrubber  tube,  whicli  is  to 
be  closed  by  a  clamp.  Some  water  is  put  into  the  bulb,  and  boiled ;  ihkv 
to  expel  air  from  the  connecting  tube ;  and  when  this  is  done,  the  end  of  tk 
tube  is  put  into  the  mercurial  trough  under  the  vessel  filled  with  meicoij, 
the  clamp  is  removed  from  the  india-rubber  tube,  and  the  water  is  cautioiBlT 
boiled  for  an  hour.  The  gases  collect  in  the  mercurial  tube,  and  are  measmcd 
[(due  regard  being  had  to  temperature  and  pressure,  and  the  other  correcticHk&); 
the  carbonic  acid  is  absorbed  by  potash,  the  oxygen  by  potassium  pyrogaUiUt 
and  the  nitrogen  is  read  as  the  residue. 

As  regards  the  carbonic  acid,  there  is  an  objection  to  this  method,  as  tbe 
heat  decomi)Oses  the  calcium  and  magnesium  bicarbonatea,  and  therefore  tk 
amount  of  carbonic  acid  evolved  is  greater  than  existed  in  the  water  as  fat 
carbonic  acid.  On  the  other  hand,  it  is  impossible  by  heat  alone  to  obttia 
all  the  oxygen  and  nitrogen.* 

As  this  operation  is  a  rather  delicate  one,  and  requires  some  practice,  vA 
as  the  information  it  gives,  in  a  hygienic  point  of  view,  does  not  appear  to 
be  so  useful  as  that  obtained  by  other  methods,  it  may  be  omitted  except  n 
cases  where  the  amount  of  aeration  is  considered  very  important  Tbe 
amount  of  free  carbonic  acid  can  also  be  determined  approximately  by  tk 
soap  solution  subsequently  described.  Dr  Macnamara  has  directed  in  his 
scheme  a  still  simpler  method  for  the  examination  of  water  in  India. 

Dr  Frankland  has  proposed  a  very  ingenious  plan  for  extracting  the  gass 
from  water  without  heat  It  is  an  application  of  the  Sprengel  pump,  in  whkh 
the  Torricellian  vacuum  of  a  barometer  is  made  to  act  as  an  air-pump.  The 
gases  can  be  extracted  either  at  the  ordinary  or  boiling  temperature.  It  is 
probable  that  in  laboratories  where  much  water  analysis  is  carried  on,  this 
plan  will  come  into  general  use,  but  it  can  hardly  at  present  be  applied  by 
army  medical  officers. 

Hydrosulphimc  acid  sometimes  occurs  in  water  from  the  decomposition  of 
sulphates  by  organic  debris,  even  by  the  cork  of  the  bottles,  and  then  libera- 
tion of  SHg  by  carbonic  acid.  In  some  mineral  waters  (Marienbad) 
sulphuretted  hydrogen  appears  when  alg®  are  in  the  water,  but  not  without + 

If  the  gas  ia  present  in  any  quantity,  it  can  be  detected  by  the  smell 
Sulphides  have,  however,  less  smolL  Both,  even  without  smell,  can  be 
detected  by  salts  of  lead.  A  large  quantity  of  water  should  be  taken  in  au 
evaporating  dish,  and  a  little  clear  lead  subacetate  or  acetate  allowed  to  flow 
tranquilly  over  the  surface.  Black  fibres  of  lead  sulphide  are  formed  If 
lead  acetate  is  mixed  with  solution  of  soda  until  the  precipitate  which  at  first 
forms  is  redissolved,  a  very  delicate  test-liquor  is  obtained.  Solution  of  sodium 
nitro-pnisside  is  also  a  delicate  test,  and  give^  a  beautiful  violet-purple  colour. 
As  it  only  acts  on  the  sulphides,  a  little  solution  of  soda  must  also  be  added 
to  detect  the  free  hydrosulphuric  acid. 

Carburetted  hydrogen  in  small  quantity  in  water  is  not  readily  detected, 

*  The  plan  of  detennining  the  oxygen  by  means  of  the  sodium  hydrosnlphlte,  suggested  by 
€chUtzenberger  and  Gerardin,  is  ingenious  and  rapid,  but  it  has  the  inconvenience  oFrequiriDg 
the  reagent  to  be  fteshly  prepared,  as  it  will  not  keep.  (See  Comptes  Rendus  de  TAcad^mio 
des  Sciences  ;  Lefort,  Traits  de  chimie  hydrologique :  Annales  d'Hygi^ne.  Janvier.  1877. 

t  Archiv  flir  Wiss.  Heilk,  1864,  No.  IIL  p.  261. 
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Water  not  Concentrated — oontinuecL 


Sabctance  Kmgtat 
for. 


Reagents  to  be  oMd,  aad  cffMts. 


Nitric  Acid. 


Nitrons  Acid 

Ammonia 

Iron 

Sulphuretted 
Hydrogen 

Sulphides 


Oxidisable 
matter,      in- 
cluding    or- 
ganic matter. 


Do. 


Lead  or  Cop- 
per. 


Zinc. 


Solution  of  snlphate  of  iron 
and  pnre  smphnric  add. 

Olive-coloured  zone. 

Solution  of  pyrogallic  add 
and  pure  sufphnric  acid. 

A  pink  zone  turning  purple. 


Iodide  of  potassinm*  and 
starch  in  solution,  and  di- 
lute sulphuric  add. 

An  immediate  blue  oolonr. 

Ncssler's  solution. 
A  yellow  colour  or  a  yellow 
brown  precipitate. 

Red  and  yellow  pruasiates  of 

potash. 
Blue  precipitate. 

A  salt  of  lead. 
Black  precipitate. 

Nitropmsside  of  sodium. 
A    beautiful    violet   purple 
colour. 

Gold  chloride :— colour  vary- 
ing  from  rose-pink  through 
violet  to  olive  ;  a  dark 
violet  to  black  precipitate. 


Permanganate  of  potassium. 
Red  colour  disappears. 


Ammonium  sulphide.  Dark 
cclour,  not  cleared  up  by 
hydrochloric  acid. 


Sulphuretted  hydrogen, 
white  precipitate. 


Add  an  equal  bulk  of  pure  solphuiE 
add  to  the  water,  and  after  codii^ 
poor  in  gently  the  iron  solution,  so  a 
to  float  above  the  mixed  add  and  vuk. 

Add  to  the  water  and  sulphuric  bol, 
(prepared  as  for  the  Brudne  test}  i ; 
aiop  or  two  of  the  solution  of  pTio-; 
gallic  add  (strength  about  2^  per  cesl  I 
slij^htly  acidulated  with  solphnrie, 
acid.)  ' 

Add  the  solntion  of  iodide  of  potunn  j 
and  starch,  and  then  the  add ;  thebhr 
colour  shoold  be  immediate  ;  luke  t 
oompamti ve  experiment  with  diitiM 
water. 

If  in  small  qoanti^,  aeveral  inches  ia 
depth  of  water  shoold  be  looked  dowa 
on  a  white  gronnd.  i 

The  red  for  ferrous  and  the  yellow  far 
ferric  salts.  | 

When  the  water  is  heated  the  undl  d 
sul^mettod  hydrogen  may  be  per- 
ceptible. I 

A  black  predpitate  with  lead,  but  is 
colour  with  nitropmsside  shows  tliat 
the  sulphuretted  hydrogen  is  unoom- 
bined. 

The  water,  which  should  be  neutral  or 
feebly  acid,  must  be  boiled  for  iO 
minutes  with  the  gold  chloride.  If  = 
no  nitrous  acid  be  present,  the  re-j 
action  may  generally  be  consideRdI 
due  to  organic  matter.  I 

In  the  absence  of  nitrites,  the  reaction ' 
indicates  organic  matter;  if  actios  I 
rapid,  probably  animal ;  if  slow,  pro- 1 
baoly  vegetable.  I 

Place  some  water  (100  C.C.)  in  a  white ' 
dish,  and  stir  up  wiUi  a  rod  dipped' 
in  ammonia  sulphide  ;  wait  till  coloar 

Produced,  then  add  a  drop  or  two  of 
^drochloric  acid.  If  the  colour 
disappears  it  is  due  to  iron ;  if  not,  to 
lead  or  copper,  t 

This  test  is  not  available  if  there  be  iron 

f  resent,  should  the  water  be  alkaline. 
t  forms,  however,  in  perfectly  neu- 
tral waters,  but  not  in  acid. 


test  may  be  used  in  another  way :  mix  a  cr3r8tal  of  brucine  with  a  drop  of  sulphuric  add  on  t 
watch  fflass.  and  then  let  a  drop  of  water  run  down  into  it 

*  Iodide  of  potassium,  1  part ;  starch,  20  parts  ;  water,  500  parts ;  make  the  starch  first  and 
filter  when  cold,  and  add  to  the  solution  of  iodide  of  potassium. 

fWanklyn. 
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ammonia,  and  sometimes  pliosphoric  acid ;  and  if  the  contamination  be  lecec 
of  oxidisable  organic  matters.  A  stream  fouled  by  animalR  or  excreta  my 
tbus  show  at  different  times  of  the  same  day  different  amounts  of  cUoiioe, 
and  this,  in  the  absence  of  rain,  will  indicate  contamination. 

Ammonia  is  almost  always  present  in  small  quantity,  but  if  it  be  in  hm 
amount,  and  be  unaccompanied  by  nitric  acid  and  nitrouB  acids  and  chloiise, 
it  probably  indicates  vegetable  impregnation,  and  perhaps  a  marsh  origin.  A 
lai^  quantity  of  ammonia  in  water  is  always  suspicioua  If  nitrates,  &^M 
also  present,  it  is  more  likely  to  be  from  animal  substances,  excreta,  k^ 
Nitrates  and  nitrites  indicate  previously  existing  animal  matters,  excreta,  i^ 
mains  of  animals,  or  other  animal  substances  -^  but  it  has  not  yet  been  pooTed 
that  vegetable  matters  may  not  furnish  nitrates.  If  nitrites  largely  exist,  it  is 
generally  supposed  that  the  contamination  is  recent  The  coincidence  of 
easily  oxidised  organic  matters,  of  ammonia,  and  of  chlorine  in  some  quantitj, 
would  be  in  favour  of  an  animal  origin.  If  a  water  gives  the  test  of  nitiir 
acid,  but  not  nitrous  acid,  and  very  little  anmionia,  either  nitrate  d 
pottussium,  sodium,  or  calcium  is  present,  derived  from  soil  impregnated  irith 
animal  substances  at  a  long  anterior  date.  If  nitrites  are  present  at  first,  and 
after  a  few  days  disappear,  this  arises  from  continued  oxidation  into  nitmtes; 
if  nitrates  disappear,  it  seems  probable  this  is  caused  by  the  action  of  bactem, 
or  other  low  forms  of  life.  Sometimes  in  such  a  case  nitrites  may  be  foimed 
from  the  nitrates.  Phosphoric  acid,  if  in  any  marked  quantity,  indicates 
origin  from  phosphatic  strata  (which  is  uncommon)  or  sewage  impregnation. 
Lime  in  large  quantity  indicates  calcium  carbonate  if  boiling  removes  the 
lime,  sulphate  or  chloride  if  boiling  has  little  effect  Testing  for  carbonate  of 
lime  is  important  in  connection  with  purification  with  alum.  Sulphuric  add 
in  largo  quantity,  with  little  lime,  indicates  sulphate  of  sodium,  and  usuallj 
much  chloride  and  carbonate  of  sodium  are  also  present,  and  on  evaporatioa 
the  water  is  alkaline.  If  water  acts  greatly  and  rapidly  on  potassic  pennan- 
ganatc,  nitrites  or  sidphuretted  hydrogen  will  probably  be  found ;  if  not,  the 
rapid  action  is  from  organic  matter,  which  is  decomposing ;  probably  animal 
as  vegetable  matter  acts  more  slowly.  Ferrous  salts,  which  also  act  on  per- 
manganate, are  uncommon  in  drinking  waters.  Large  evidence  of  nitric  acid, 
with  little  evidence  from  permanganate,  indicates  old  contamination ;  if  the 
permanganate  gives  large  indications,  and  especially  if  there  be  nitrous  acid 
as  well  as  nitric,  the  impregnation  is  recent 

Tabular  View  of  Inferences  to  be  Drawn  from  Qtuilitaiive  Examination. 


OxidlMible 

Character 
of  Water. 

Chlorine. 

matter  by 
Gold 

Nitratea. 

Nitrltea. 

Ammonia.  Salphatea. 

Phosphates. 

BeomkiL 

Chloride. 

Goo<l  .     . 

Slight. 

Slight. 

Trace. 

Nil. 

Nil 

Trace. 

Trace. 

A  pure  water. 

Usable     . 

Marked 
to  large. 

Slight. 

Trace 
or  nil. 

NU. 

NU. 

Marked. 

Trace  or 
niL 

Probably  sea 
water  con 
taminaticuL 

Suspicious 

Large. 

Marked. 

Trace. 

Trace. 

Trace. 

Marked. 

Marked. 

Probable  ani- 
mal     con- 
tamination. 

Bad     .     . 

Large. 

Lai^ge. 

Marked. 

Marked. 

Marked. 

Marked. 

Marked. 

Probablysew- 

Suspicious 

Slight 

Moderate. 

NiL 

NiL 

Large. 

Trace. 

Marked. 

Pro^bly 
marsh?      | 

Usable     . 

Marked. 

Slight 

Marked. 

Trace. 

Trace. 

Trace. 

Trace. 

Old    animal 
contamina- 
tion. 

*  Dr  Frankland  has  considered  these  substances  as  the  representatives  of  '*  preYions  sewage 
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A  water  oontaining  any  metal  (except  iron),  oilier  than  the  alkaline  and 
earthy  metaJa,  Ib  to  be  condemned. 

A  water  containing  any  gas,  other  than  oxygen,  iiitTOg»?n,  or  carbonic  acid,  is 
to  be  considered  suapiciona,  and  not  to  be  used  without  boiling  or  filtration, 
or  both. 

QDANTTTATrVB  ExAHl^ATION  OF  DISSOLVED  SoLlDS. 

The  gasea  diasolved  in  the  water  have  been  already  aUuded  to»  Of  the 
solids  in  water,  some  are  mineral,  and  derived  frtmi  the  mineral  constituents 
of  the  soil,  such  as  lime,  magnesia,  and  part  of  tbe  chlorine,  pulphuric, 
carbonic,  and  silicic  acitls ;  others  are  al&o  inorganic,  but  are  derived  from  the 
remains  of  animals  or  ve^ tables,  by  oxidation  or  solution,  or  from  the  atmo- 
sphere, as  ammonia,  nitric  acid,  nitrous  acid,  some  of  the  chlorine,  sulphimc , 
and  phosphoric  acids.  Other  constitnents,  derived  fnjui  umuerous  siHircea^ 
are  vegetable  or  animal  matters,  which  are  usually  unstable,  and  are  under- 
going disintegration  and  oxidation.  They  may  be  nitrngefi^^us  or  not.  Tbe 
composition  of  these  substances  is  doubtless  extremely  yarittus;  the  detenuiua- 
tion  of  the  total  quantity  is  difficult ;  the  separation  of  the  different  kinds  from 
eadl  other,  at  present,  imp^ssibla 

The  methods  by  "which  the  quantity  of  this  orpinic  matter  (U*  use 
its  familiar  name)  can  be  expressed  have  been  lately  much  debated,  and  even 
now  there  is  no  general  agreement ;  *  nor,  at  present,  is  there  any  plan  by 


eontAmiaatioD.''  In  manj  ca^e^  tbey  are  ea,  but  it  canaot  be  held  that. they  ore  alwayi  ao  i 
any  olirogencmi  ttibatance,  quite  apart  frotu  new&ge,  may  furnish  them,  so  that  the  phrase  hu 
been  ol^jeeted  to,  and  ia  better  STOiderL 

*  The  foUowin^  plana  have  beea  tried  at  successiTe  times  :— 

L  The  eattmation  by  ignition  of  the  dried  solid Jt.  However  aaefnl  ignition  is  aa  indicating 
the  preeeoce  of  nitritea,  nitrates,  or  organic  matter,  tbe  reeolta  are  very  uncertain  aa  re^rds 
quantity,  owinff  to  the  loss  of  hygrometric  water,  the  decompoattion  of  airbonntej«,  and  errorn 
arising  in  recarbonating,  the  loss  of  nitrites  and  nitmtes,  and  in  aome  c^kses  of  chlorine^  aa  well 
as  the  deatntction  of  organic  matter.  Hence  "Bub«tanc<'H  driven  off  by  heat,"  or  **  volatiJe 
•nhitanoeay"  ia  not  an  equivalent  expnefision  for  "  organic  nmtt^rs/' 

2.  Predpiiation  by  perchloride  of  iron,  weighing.  Incinerating,  and  wrelghing  again.  The 
difficatty  here  ia  that  all  the  oiganic  matter  is  not  precipitated,  and  other  mineml  suLnstances 
may  be* 

3.  The  dfrterminatioo  of  the  nitrogen  and  carbon  in  the  organic  sibstancea.  This  is  th<? 
plan  proposed  by  Dr  Franklan^  who  determinea  the  nitrogen  in  the  anmioniA,  nitiic  and 
nitrous  acids  which  may  be  maent,  aad  also  that  in  organic  combination,  and  m  ihfjj  way  gets 
at  the  oitFogen,  which  must  nave  formed  part  of  tbe  organic  matter  ("organic  nitm^^n  '').  Iti 
the  same  way  the  carbon  existing  other  than  in  tlie  <ihaDe  of  carbonic  acid  is  determineii 
('*  organic  csroon  **),  He  has  proposed  a  most  ingenious  and  beautiful  proceas,  a  short  account 
o(f  which  the  medical  officer  will  llud  in  my  Report  on  Hygiene  in  the  Army  Medical  Depart- 
ment Bine  Book,  vol.  viii.  p.  300.  Tlii^  mo«t  recent  and  be^t  account  of  the  whole  process  is 
Dontaified  in  Sutton's  Voluraetric  Analvsia,  3d  £d<  p.  2dL     lliis  plan  requires  so  mtich 

iQBy  time,  and  skill,  as  to  be  quite  beyond  the  reach  of  medical  officers,  and  it  would  also 

that   in  the   hands   of   even  very  able  chemif^ti  it  gives  contrmlictory  results  ;   the 

ntitiea  are  in  fact  ao  small,  and  the  chances  of  error  bo  repeated,  that  In  its  present  fomi 

i  really  beaatiful  plan  seems  not  adapted  for  hygienic  water  analy!ii».     It  in  uhn  ditllcult 

kaow  what  construction  should  be  pnt  on  the  results :   a  water  containing   much  nun- 

jemmi  organic  matter  may  give  a  very  much  larger  amount  of  "  ori^nic  carbon'"  than  a 

r  oontaining  a  much  smaller  amount  of  nitrogenous  matter,  and  yet  be  much  less  hurt- 

Thn  determination  of  the  nitrogen  of  the  organic  matters  (as  ammonia  I  by  means  of 

ioe  permaDganate  of  potassium  ("albuminoid  ammonia'*),  after  all  ammonia  existing  as 

tn  tne  water  has  been  got  rid  of.    This  plan,  proposed  by  Wankhii  and  Chamnan,  baa 

i  merit  of  simplicity  and  rapidity.     It  has  been  objected  to  by  Frankliind  on  the  ground 

the  whole  of  tbe  nitrogen  is  not  obtained.     There  is  no  doubt  of  tlii*  ;  but  Wanklyn 

that  tbe  quantity  obtained  is  constant,  and  therefore  comparison  between  different 

can  be  instituted.     Thudichum  and  Dnpi^,  in  their  work  on  Wine  (p.  W2),  Ktate  that 

find  the  albuminoid  ammonia  process  eo  Sfcnrste  for  albumen  in  wine,  that  they  use 

Preference  to  other  methods.    It  moat  be  ccmfcsMfl,  I  think,  that  this  point  hax  not  ^et 


been 


proberl  to  the  bottom,  and  that  espedally  the  relation  of  the  "  alhiiminoid  ammonia 
pfodnoed  by  tbe  Wftter  baa  not  been  yet  made  out.    llie  *'  albuminoid  ammonia 


of 
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which  dissolved  vegetable  may  be  distiiigiushed  from  animal  matter,  exce^ 
by  reference  to  the  microscopic  characters  of  the  sediment^  to  the  source  of  ^ 
water,  and  the  coincident  inorganic  snbstancea. 

The  quantitative  processes  which  appear,  in  a  hygienic  sense,  to  be  most 
useful  are  as  follow  : — 

Determination  of  the  following — 

1.  The  dissolved  solids. 

(a)  Total 

(b)  Fixed 

(c)  Volatile. 

2.  Chlorine. 

3.  The  hardness,     (a)  Total     (6)  Fixed,     (c)  Removable. 

4.  Free  or  saline  ammonia  and  nitrogenous  organic  matter. 

(a)  Free  ammonia. 

(b)  Albuminoid  ammonia. 

5.  Oxidisable  matter  and  products  of  organic  oxidation. 

{a)  In  terms  of  oxygen  required  for  total  oxidisable  matter. 
(h)  In  terms  of  oxygen  required  for  organic  matter  only. 

(c)  Nitrous  acid. 

(d)  Nitric  acid. 

6.  Sulphuric  acid,  silica,  iron,  and  the  alkaline  chlorides  and  carbonated 
may  be  determined,  but  are  seldom  required. 

The  statement  of  results  is  usually  given  in  this  coimtry  in  grains  per  gallon, 
or  in  parts  in  10,000  or  100,000 ;  or  it  may  be  given  in  grammes  per  htre, 
which  is  the  same  as  parts  per  1000,  and  by  shifting  the  decimal  point  to  the 
riglit,  pjirts  per  10,000,  100,000,  or  per  million  are  obtained.  The  smaller 
quantities  are  conveniently  expressed  in  milligrammes  per  litre.* 

1.  Determinaiion  of  the  Dissolved  Solids. 

(a)  Total  solids. — The  remark  already  made  about  suspended  matters  must 
be  attended  to ;  if  possible,  obtain  a  clear  water  by  subsidence  rather  than  by 
lilteriiig  through  paper.     The  solids  are  determined  by  evaporation.     If  very 

pure  potable  water  han  been  simply  taken  as  a  standard,  and  the  wholesomenees  of  other  waters 
judged  of  by  reference  simply  to  this.  But  at  the  present  time  it  appears  to  me  the  best 
])roce8s  we  have,  and  (with  some  reservation  as  to  the  precise  inferences  to  be  drawn  fixm  it)  it 
seems  likely  to  oe  generally  adopted. 

5.  Estimation  of  the  organic  matter  in  terms  of  the  oxygen  required  to  oxidise  it,  the  per- 
manganate of  ])otassium  being  the  oxidising  agent.  This  process  has  been  much  nscd  and 
much  objected  to,  and  some  chemists  have  now  given  it  up.  It  gives,  certainly,  only  sn 
approximation,  recjuires  care,  and  will  only  indicate  the  organic  matter  capable  of  oxidation. 
Yet  it  gives  really  useful  information,  as  it  often  adds  additional  evidence  to  Wanklyn's  method, 
and  gives  some  indication  as  to  the  old  or  recent  origin  of  nitric  acid  and  is  easy  of  applieatioiL 
In  spite  of  the  o])ini<>n  expressed  against  it  by  Frankland  and  others,  it  appears  to  me  very  ondesir- 
al>le  to  discontinue  it ;  and  in  those  cases  where,  from  want  of  apparatu8,the  distillation  necetaary 
for  Wanklyn  and  Chapman's  method  cannot  be  done,  it  is  at  present  absolutely  essential. 
Kubel  and  Tiemann  reject  both  Frankland's  and  Wanklyn's  methods  as  untrustworthy,  and 
trust  to  modifications  of  the  permanganate  process. 

*  (Iramnies  per  litre  are  convei*ted  into  grains  per  gallon  by  multiplying  by  70.     Milli- 
grammes per  litre,  if  multiplied  by  -07.  are  brought  into  grains  per  gallon.     Grains  per  gallon 
are  converted  into  parts  per  100,000  by  dividing  by  -7  ;  parts  per  100,000  are  brought  into 
grains  per  gallon  by  multiplying  by  7. 
Etiuivalcnts  of  the  French  weights- 
Gramme,  —  15"48   grains. 

Decigramme,  -    1-648     „ 

Centigramme,         ^      *1548   ,, 

Milligramne,  -      -01548,, 

Litre,  .    1*764  pints. 

Cubic  Centimetre,  -  16-9  minims, 

28*4  C.C,  —  1  fluid  ounce  avoir. 
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2,  Dderminatum  of  Chlorine. 

CMorine  may  be  detefmiiied  very  rapidly  hj  the  vohunetric  method. 

'Make  a  aglution  of  pure  silver  nitrate,  by  dissolving  1 7  grammea  (one-teatk 
of  an  equivalent)  in  1  litre  of  water.  Of  this  solution  1  00=3-53 
mil ligmm  111128  of  chlorine,  or  5*85  of  sodium  chloride,* 

Take  100  CM  of  the  water  to  be  examined ;  place  it  in  a  white  popcekia 
dish  ;  atid  enough  solution  of  yellow  potassium  chromate  to  make  the  soltition 
just  yellow,  drop  in  the  silver  nitrate  from  the  burette,  and  stir  after  eadi 
tddition.  The  red  silver  clmjmate  which  is  Erst  formed  will  dij4appt54r  » 
long  a«  any  chlorine  is  present  Stop  directly  the  least  red  tint  is  perauiiiiiiit 
Multiply  the  C'.C-  used  by  10,  aod  tbeii  hy  the  co-efl&cient  of  cblorin^  €ir  of 
sodiimi  chloride  if  it  lie  assumed  that  salt  only  is  present.  Neither  the  fobr 
tion  of  adver  nor  the  water  must  be  acid ;  if  the  latter  is  acid,  a  little  sodium 
earbonat*i  must  be  ailded. 

Ejuimpk. — In  100  C.C.  of  water,  a  few  drops  of  potaasium  cliromiite  vui 
1*5  C.C,  of  silver  solution  gave  a  red  colour — 1*5  x  10  x  3*55— 61 
milligTammes  per  litre  :  53  x  0"07  =  3'71  gmim  per  gallon. 

This  calcrdation  may  be  shortly  perfcjrmeti  hy  midtiplying  the  detail 
numlwr  of  C.C.  used  by  248.     The  result  is  grains  per  gallon, f 

If  it  be  retikoned  as  sotbum  chloride,  the  factor  should  be  409.  Tliis 
process  is  very  useful  for  determining  the  amount  of  salt  in  various  artidos  of 
food  and  drink.     In  water  it  is  extremely  ea 

3.  Hardness. 

Clark's  very  usefvd  soap  test  offers  a  remly  mnde  of  determining  this  in  « 
maimer  quite  suthcient  for  hygienic  and  economic  purposes.  J  ITie  procesKS 
with  the  soap  test  may  be  divided  into  two  headings, 

I,  The  detennination  of  the  aggregate  earthy  salts,  and  free  carbonic  iiCMlt 
as  expressed  by  the  term  total  hardness.  The  aggregate  determination  can  be 
divided  into  two  kinds  of  hardness,  viz.,  that  which  is  unaffected  and  thfti 
which  is  attbctcil  by  boilings  and  theee  are  termed  the  permanent  and  thfi 
retnovahte  fntTxtness, 

II.  The  determination  of  the  amount  of  certain  constituents,  as  the  lime, 
magnesia,  sulphuric  acid,  and  free  carbon ie  acitL  These  results  are  only 
approximative,  especially  in  the  case  of  the  magnesia ;  hut  they  are  very  use- 
ful, as  they  give  us  enough  information  for  hygienic  purposes,  and  are  done 
in  a  very  short  time. 

A2}i)aratm  required  for  the  Soap  Test^ — Burette,  divided  into  tenths  of  a 
cubic  centimeter ;  measure  of  50  C.C,  or  100  C.C. ;  stoppered  bottle^^  of  about 
4  ounces  capacity. 

Sot  at  tons  Jiiynired. — L  Stimdard  solution  of  barium  nitrate.  The 
strength  of  the  s^uidard  solution  is  0*26  gnmimes  of  pure  barium  nitrate  to  1 
litre  of  water ;  of  the  concentrated  eolution^  ten  times  this  strength,  or  2*6 


*  If  4 '788  grammes  of  nltntte  of  iilrer  b^tq  take^i  instead  of  17  graniMeSt  and  dlBnolved  in 
1  litre  of  water,  1  C.C,  will  correapond  to  1  uiiUiffmninie  of  cblorine.  Tlae  l»  the  ttreacA 
or«lered  in  Dr  Mrtciiamttra'u  scljemts  and  recnmniended  l*y  Wanklyn.  Sutton  proposes  ft  i^- 
lion  half  the  strength  and  50  C.C.  of  wat^r  to  be  u^ed. 

t  Fur  greater  accuracy  a  correction  for  colour  may  be  madd,  hy  deductiag  0*15  grmias  per 
gnllon  from  thw  renult  m  chlorine^  or  0-24  as  sodiuni  chloride,  per  galloQ. 

X  The  lOftp  ftolution  here  recommended  waa  snmsted  by  Asaurtaiit-Suigeon  Nichol-wn,  R.A.. 
who  has  aiiio  given  a  complete  ■}'«tem  of  analyse  based  on  tke  eoap  teat,  Cbtimical  Journal, 
Decern  her  180Z.     Clark's  solution  may,  however,  be  used. 

g  MM.  Boutron  and  Boodet,  aome  yeart  ago,  made  '«ome  modifications  in  the  soap  teat 
manipalntion,  and  their  plan  is  now  commonly  followetl  iti  the  French  anny,  and  is  term«d 
'*  HydrotiiQ^tne/'    1  am  indebted  to  this  plan  for  several  adaptatioua. 
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^  C.C.  OP  1  measmje  Soap  solution  I  .^^  ^^  ^  .^  caldum.* 
equals  in  milligianimes  J 

„  „  *1  magnesia  or  -6  magnesiunL 

„  „  *2  anhydrous  sulphuric  acid  SO3,  or 

•24  SO4. 
„  „  '25  calcium  carbonate. 

„  „  *34  calcium  sulphata 

„  „  '21  magnesium  carbonate. 

„  „  '22  carbonic  acid  COj,  or  -3  COy 

„  „  "115  sodium. 

„  ,y  '195  potassium. 

„  „  '177  chlorine. 

•14  iron. 

Processes  with  the  Soap  Test. 

(a)  DeterminaHon  of  the  total  Hardness  of  the  Wat^, — Take  50  C.C  of 
the  filtered  water ;  put  it  in  a  small  stoppered  bottle,  and  add  the  soap  solution 
from  the  burette ;  shaking  it  strongly  until  a  thin  uniform  beady  lather  spre&ds 
over  the  whole  surface  without  any  break.  If  the  lather  is  permanent  for 
five  minutes,  the  process  is  complete ;  if  it  breaks  before  that  time,  add  a  drop 
or  two  more  of  the  solution,  and  so  proceed  until  a  lather  be  obtained  that  is 
permanent  for  five  minutes. 

Then  read  off  the  number  of  measures  of  soap  solution  used. 

From  the  total  number  of  measures  (or  tenths  of  a  centimeter)  used,  deduct 
two,  as  that  amount  is  necessary  to  give  a  lather  with  50  C.C.  of  the  purest 
water,  and  this  deduction  has  to  be  made  in  all  the  processes.  The  soap  solu- 
tion which  has  been  used  indicates  the  hardness  due  to  all  the  ingredients 
which  can  act  on  it ;  in  most  drinking  waters  there  are  only  lime  and  mngnAfykn 
salts,  iron,  and  free  carbonic  acid. 

The  amount  of  this  total  hardness  is,  for  convenience,  usually  expressed  in 
this  coimtry  in  the  manner  proposed  by  Dr  Clark,  i.e.,  though  dependent  on 
various  causes,  it  is  expressed  as  equivalent  to  so  much  calcium  carbonate  per 
gallon,  and  in  Clark's  scale  1  grain  of  calcium  carbonate  per  gallon  is  called  1 
degree  of  hardness.  Express  the  total  hardness,  therefore,  in  degrees  of  Clark's 
scale.! 

This  is  done  as  follows : — 

Each  01  C.C,  or  in  other  words,  each  measure,  of  our  soap  solution  corres- 
ponds to  •25mg.  of  calcium  carbonate.  Multiply,  therefore,  this  co-efficient  by 
the  number  of  measures  of  soap  solution  used,  and  the  result  is  the  hardness 
of  50  C.C.  of  water  expressed  as  calciimi  carbonate.  Then,  as  we  have  acted 
on  one-twentieth  of  a  litre,  multiply  by  20  to  give  the  amoimt  per  litre,  and 
then  by  0*07  to  bring  the  amount  to  grains  per  gallon. 

Example. — A  lather  was  given  with  5*2  C.C.,  or  52  measiu:es  of  the  soap 
solution.  (52  -  2)  x  -25  x  20  x  0*07  =  17*5  grains  of  calciimi  carbonate  per 
gallon. 

Hardness  expressed  as  calcium  carbonates  17'*'5  Clark's  scale 

(viz.,  1° « 1  grain  of  CaCog  per  gallon). 

*  The  numbers  of  the  metals  as  well  as  of  the  oxides  are  given,  as  the  custom  is  beoommg 
general  of  statins  the  amount  of  the  metals  themselves.  So  also  the  sulphuric  acid  mav  be 
stated  as  SO4  (like  chlorine)  instead  of  80. ;  this  also  facilitates  a  calculation  of  combinations, 
if  this  is  desired.  For  the  same  reason^  toe  corresponding  quantities  of  chlorine  and  sodium 
are  given,  for  the  convenience  of  calculation. 

t  Hardness  is  now  frequently  expressed  as  parts  in  100,000— to  convert  Clark's  degrees  into 
this  notation,  multiply  by  1  '48.  Conversely  degrees  per  100,000  may  be  converted  into  Clark's 
degrees,  by  dividing  by  I'iSw 
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Sulphurie  Acid  by  Soap  Ted. — ^This  plan  was  propoeed  by  Boutron  and 
Boudet,  and  is  briefly  as  follows : — ^The  baidnees  of  the  water  being  knovn, 
50  C.C.  of  the  standard  barytic  solution  ('2^  grammes  per  litre)  are  added  to 
50  C.C.  of  water,  and  the  mixture  is  allowed  to  stand  for  24  hours.  The  bald- 
ness (supposing  no  SO^  were  present)  would  be  exactly  equal  to  the  original 
hardness  of  the  water  and  of  the  baiytic  solution  combined.  But  SO^  being 
present,  barium  sulphate  is  precipitated,  and  there  is  a  loss  of  hardness.  Each 
degree  of  loss  equals  '24  of  sulphuric  anhydride  (SOJ. 

Example. — Original  hardness, 62 

50  C.C.  barytic  solution         ....  22 

84 
After  precipitation, 71*2 

DiflFerencc,        ....  12*8 

•24  X  12-8  X  20  X  0-07  =  3-584  grains  per  gallon  of  SO^. 

Example.— ToXaX  haidneM,  ....  52 

After  lime  prodpitatedy    .  .  .  .  10 

Difference,  ....  42 

42  measures  x  *14  x  20  x  0'07->8'2S2  grains  of  lime  per  gallon. 
Or,  to  save  trouble,  multiply  the  number  of  measures  by  '196  ;  the  result  is  grains  per  giDoii. 
If  carefully  done  this  result  will  be  near  the  truth. 

Magnesia  by  the  Soap  TV^^.— Boutron  and  Boudet  propose  to  determine  the  magnesia  bj 
boiling  the  water  from  which  the  lime  has  been  thrown  aown.  All  usual  elements  of  luud- 
ness,  except  the  magnesia,  are  thus  got  rid  of.  This  is  by  no  means  so  accurate  a  procest  as 
that  of  the  lime  ;  the  lather  is  formed  much  less  perfectly  and  sharply,  and  in  adoition  the 
constitution  of  the  magnesia  and  soap  compound  is  variable.  The  result  must  be  considered 
as  quite  approximative,  but  may  sometimes  be  rendered  more  accurate  by  diluting  with  dis- 
tilled water. 

Take  200  C.C.  of  water ;  add  to  it  the  number  of  drops  of  solution  of  ammoniom  oxalate 
known  to  be  sufficient  by  the. lime  experiment ;  allow  to  stand  for  twenty-four  hours ;  filter, 
boil  for  half  an  hour,  replace  loss  by  distilled  water ;  allow  to  oool  in  the  vessel,  which 
should  be  well  corked,  ana  determine  hardness  in  50  C.C. 

As  the  lime  has  been  thrown  down  and  all  iron  removed,  and  carbonic  acid  driven  off,  the 
hardness  is  owing  to  magnesian  salts  of  some  kind. 

Calculate  as  magnesia,  the  co-efficient  of  which,  for  each  degree  of  soap  solution,  is  *1,  or, 
as  magnesium,  the  co-efficient  of  which  is  *06. 

^a»mp^.— Hardness,  after  {driving  off  carbonic'acid  by  boiling  and  precipitating  lime  -^11. 
(11-2)  x'l  X  20  X  0*07  —  1*26  grains  of  magnesia  per  gallon. 
Or,  to  save  trouble,  multiply  the  number  of  degrees  by  -14 ;  the  result  is  grains  per  ffaUon. 

Although  this  result  is  approximative,  it  is  really  nearer  the  truth  than  the  detenmnaticHi  by 
weighing  in  the  hands  of  a  beginner. 

Free  Carbonic  Acid  by  the  Soap  Test— In  order  to  get  rid  of  the  fallacy  from  finee  carbonic 
acid  acting  on  the  soap,  Clark  recommended  that  the  water  should  be  well  shaken  in  a  bottle, 
so  as  to  disengage  some  of  the  COj,  and  then  that  the  air  should  be  sucked  out.  But  this 
does  not  entirely  remove  the  carbonic  acid. 

By  the  soap  test  the  free  carbonic  acid  can  be  determined -in  the  following  way:  Throw 
down  all  the  lime  carefully  by  ammonium  oxalate,  without  adding  an  excess,  and  determine 
the  hardness  in  60  C.C.  as  usual.  The  hardness  will  be  owing  to  magnesian  salts,  iron,  if  it 
exists  (or  alumina  or  barvta  in  mineral  waters),  and  carbonic  acid.  If,  now,  the  water,  freed 
from  lime,  be  boiled,  and  the  loss  of  water  replaced  by  distilled  water,  the  carbonic  acid  will 
be  driven  off.  The  hardness  should  be  then  again  determined.  The  difference  between  the 
Arst  and  second  trials  will  (if  no  iron  exist  in  the  water)  give  the  amount  of  soap  solution 
which  had  been  previously  acted  on  by  the  carbonic  add. 

Eosample, — 1.  Total  magnesian  and  carbonic  add  hardness,     —  12  measures. 
2.  Magnesian  hardness,    .  .  .  .    7       ^^ 

Carbonic  acid  hardness,  .  .    »    5        ,, 

1  neasuro  of  soap  sol.  corresponds  to  '22  milligranunes  carbonic  acid.    Therefore, 
•22x 6x20xO-07-l-64  grains  per  gallon. 
As  2*116  cubic  inches  weigh  one  grain,  multiply  the  numbei^  of  grains  by  2*116  to  bring  into 
cubic  inches  per  gallon. 

*^  1-64  X  2*116-8*26  cubic  inches. 
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Shoulil  til©  latter  be  already  ktiOivn  (througli  the  Lajdtiess),  Hje  diftwftfil,!^ 
any,  will  represent  godmm  carbonate,  and  may  be  calculAtod  oat  as  such.      f 

i.  Dderminaiion  of  Ffe»  or  Satim  Ammonia  and  ^iimQmem         I 
^^m  Orgame  Mtttier,  I 

pip  (a,)  Free  AmTnonia.  I 

Strictly  speaking,  ammonia  is  not  derived  solely  from  organic  matla;  lii  ■ 
is  found  in  thD  atmijspbere.  Organic  matter  passiog  into  water  v^  iMIlg^d 
the  chief  source^  and  it  seems  clear  thnt  both  vegetable  and  animal  sabi^^H 
will  give  rise  to  ammonia.  ^^m 

The  vpTy  delicate  teat  of  ammonia  dificovered  by  Nessler*  was  first  appliidfl 
td  quantitative  determinations  by  the  late  Professor  Miller  and  Mr  Hadow,  iiv!  n 
more  recently  lias  been  adopted  by  Dr  Fraukland,  and  by  Professor  Wankbi 
and  Mr  Cbapmam     It  is  now  very  largely  used  in  water  analjsiai  and  aflOBU 
6  method  of  determining  several  important  e/anstitnents.  ■ 

Freparaiion  of  Nesiiei^s  S^o/mA/om.— Take  50  grammes  of  potassitun  iodiiM 
and  diiwolve  in  250  CC.  of  distilled  water;  reserve  a  small  quantity,  wiisfl 
the  larger  part,  and  atid  a  strong  aqueous  fuilution  of  corrosive  sublimate,  until 
the  precipitate  ceases  to  dLsap|iear,  then  add  the  reserved  Bolution  of  iodide  m 
as  to  just  dissolve  the  red  precipitate ;  filter,  and  add  to  the  filtmte  SOO I 
gmmmes  of  solid  pot^iab  disi^ulvedin  boiled  water.  Dilute  to  1  litre,  and  nUl 
5  CC.  of  a  patunited  aijueous  solutinn  of  mercury  bichloride.  Allow  to  toM 
side,  decant  the  cleiir  liquid,  and  keep  it  iu  a  dark  place,  I 

Sfftndard  Sofftfion  of  Ammonium  Odoride. — M^ke  a  solution  of  ammonioM 
chloride  by  dLssolviug  *0315  grammes  !n  a  litre  of  water:  this  is  e<imvaleiil  tel 
*01  gramme  of  ammonia  (XHg)  in  the  litre;  in  other  words,  each  CC  will 
represent  '01  millignimrae  of  ammoniiL 

Instead  of  weighiu)^^  0315  gramraea^  it  is  best  to  make  a  solution  of  tea 
times  the  strength  (^iz.,  '315  per  litn3  =  d  milligramme  of  NHg  for  1  CC), 
and  to  dilutee  it  when  required  by  adding  nine  jmrt-s  of  wat^^r  to  one  of  th« 
liquid.  If  sulpbat-e  of  ammonia  is  used  instead  of  chlorid*\  the  amount  ii 
'3882  grammes  per  litre  for  the  Mnmff  solution  (1  CC  ^  '1  milligramme)* 

Pitre  DintdlfA  Wnter^^li  distilkd  water  is  redistilled^  and  the  first  portion 
be  rejected,  the  next  portion  is  usually  free  frtim  ammonia*  Or  the  witter 
may  be  distilled  frtmi  potixssinm  p?nuang>tnat^»  A  gmid  plan,  suggested  by 
I)r  J.  L.  Notter,  is  \o  atld  pho.^^phoric  acid  to  the  water  before  distilling :  titti 
fixes  the  timmonia.  lief  ore  ibe  te^t  is  used,  the  water  should  itself  lie  teitdt 
with  NeAsler's  solution,  and  it  should  be  ali^o  certtnn  that  it  contains  no 
oi^anic  matter  wbiidi  can  furnish  anmiouift  It  should  also  be  free  from  CX), 
which  interferes  with  the  sharpness  of  the  roaction. 

These  SLdutions  l>eing  ready,  the  following  process  is  gone  through  : — 

Pljite  in  a  retort  250  CC  of  the  water  to  l>e  examined,  and  5  CC  of 
saturated  sodium  carbonat-e  stdutinn  (although  Wauklyn  says  that  this,  as  & 
rule,  is  not  nece.<i.sanr').  Attach  the  retort  to  a  Liebig's  condenser,  and  distiij 
off  about  120  CC  ;  carrtfidly  measure  the  amount  of  distillate  ;  test  a  little  1 
with  Nessler's  solution  in  a  tcst-tulie  ;  and,  if  the  colour  be  not  too  dork,  take 
100  CC.  t)f  the  distillat*j  and  put  it  into  a  cylindrical  glass  vessel,  placed 
upon  a  white  plate  or  piece  of  white  pa}ier»  Add  to  it  1 J  C*C  of  Neefder. 
Put  into  another  similar  cylinder  as  mauy  CC  of  the  standard  ammonium 
chloride  solution  as  may  be   thought  necessary  (practice  soon  showa  the 

*  The  brown  preiripitate  pnvluccd  by  Neistler'i  wlutitm  hu  tb«  c<miw»ition  KlJg,  I,  j 
there  are  17  )mrt«  of  ammcinm  in  550,  fto  tbiitmiL]iip1}'inKtbe  weigikt<vf  tn«  jirecipitatv  hf  \ 


f  viz,^  Ac)  P^6«  the  weight  of  the  ammonia. 
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no  to  1 20  C.C.  distilled  oS*.  It  is  8ometime«  eoiiTO&iant  to  add  a  little  jwa  i 
distill Hci  wat4?r  to  the  residue  if  the  first  distilktion  has  been  carried  rallw 
far.  Waiiklyit  retxjniiiieuds  succe^isive  quantities  of  50  CC-  to  be  di^tiM  , 
off  aod  tested  until  no  more  ammonift  comes  over.  Defcermiae  the  amotml  4\ 
anrnionia,  m  was  done  in  the  c^e  of  the  free  ammonia,  and  state  th*  i 
in  tliis  case  ass  alb^iminoid  atnmanuL  In  thiss  ilistiliation  there  ifi  i 
a  little  difficulty  caused  by  **  bumping,"  esjiecially  in  the  case  of  bad  wilm: 
to  remedy  this  it  has  been  reconimejided  to  use  pieces  of  tobacco  pi|ie  (t 
charcosd.*  It  is  better,  however,  to  dilute  the  water  if  it  be  a  bad  one^ttd 
not  to  diatd  too  rapiJly, 

A  good  deal  of  controversy  has  taken  pkice  as  to  the  significance  of  tbit 
teat,  some  ehemists  denying  that  ail  the  nitrogen  [a  obtained.  Wazddjn, 
however,  uL^^i^sts  that  what  i-a  ol)tained  is  a  constant  quantity,  and  that  tdti 
times  the  ammonia  rei>resent8  fairly  accurately  the  nitrogenous  organic  inattet  T 
Although  it  may  not  l>e  perfectly  accui*ate,  it  seems  better  adapt€d  foe 
hygienic  piirf>os(^^s  than  Frankland  s  method,  which  requires  appamtud  of  i 
complicated  and  costly  character,  besides  being  liable  to  wide  Umiu  of  eJTOt. 
With  Wanklyn*!*  process  a  bad  water  jg  not  likely  to  escape  detection,^ — h 
the  words  of  llaasall,  "  a  bad  water  wdl  apf»ear  ba^l,  and  a  good  wattsr  nill 
apjjear  good,  although  the  absolute  quantities  of  organic  matter  cannot  be 
thus  detenninwl."     (**  Adulterations  Detected,"  1876,  p.  82.) 

The  standard  limit  of  allriiminoid  ammonia  in  good  ^^ater  ia  0^8 
milligrammes  per  litre,  hut  Wanklyn  thinks  anj^hing  above  005  obj«ctiaii' 
able  if  the  free  ammonia  be  large.  He  classities  wateiB  into  three  daflee^t 
"viz.  L — Chiss  /.,  waters  of  extnMjnlinary  orgtinic  purity,  conttiiuing  from  0^ 
to  0'05  of  albuminoid  fumnonia,  Cttuiii  IL  comprehends  the  general  drinking- 
waters  of  this  country,  giving  from  0*05  to  OdO  of  albuminoid  ammuai^ 
Such  water  is  isafe  oTganically,  Class  IIL,  the  dirty  waters,  yiehiing  loOlf 
than  0*10  of  albuminoid  ammonia.  This  last  seems  to  be  rather  too  sweep- ■ 
ing  a  etatement.  Although  animal  matter  is  the  chief  source  of  albtmiinoid 
ammonia,  it  may  \ye  yielded  by  vegetable  as  well.  Decaying  leaves  prcdua 
it  (Parkcs),  dso  peat  (Dearoig,  Abel,  Thorp,  Kussell).  "  Much  albuminak 
ammonia  (which  generally  comes  over  slowly),  little  free  ammonia,  and  almosi] 
entire  absence  of  chlorides,  is  indicative  of  vegetable  conLamiiiadoa-*| 
(Wanklyn).  In  the  Leek  workhouse  jiersnns  drinking  such  a  water  (fn 
ammonia  0'02,  albuminoid  0*34)  8 offered  from  diaixha^  There  was  oalj^ 
0'5  grains  of  chlorine  ]>er  gallon.  In  the  water  of  a  pond  in  Perthshire  I 
found?  free  ammonia  0*36,  albuminoid  2 "00  milligrammes  jn^r  litre,  and 
chlorine  only  0  62  grains  per  gaUom  This  had  been  used  for  many  yeats^ 
without  any  bad  efliicts  observed.      (F,  de  C.) 

lu  well-watera  in  villages  there  is  often  a  large  amount  of  albuminoid 
ammonia, J     Wanklyn  found  in  the  Thames   at   Hampton   Court    0*28,  atj 
London  Bridge  at  Idgh  tide  0"59.     Dr  Palmer   found  the  tank    water  iil| 
Calcutta  to  vary  accowling  to  the  time  of  year  and  amount  of  rain,  the  i 
impurity  being  in  May  and  June,  the  hotte^st  and  driest  time.     The  tani 
supplying  the  Bengal  Club  showed  iu  Niiveml>er  0  38,  in  May  0*50  nnd 
June  0-62.     The  water  of  the  Hooghly,  16  miles  above  Calcutta,  had 
December  0"10,  in  May  0*14,  and  in  June  0*10. 

It  has  aometiraes  been  suggt'stiMl  to  distil  off  at  once  the  total  ammonia  by 
the  process  with  peniianganate  and  potash     Dr  Macnainura  mentions  thatj 
this  was  done  daily  in  Cjdcutto  for  a  considerable  time,  and  that  *'  by  ite  uatj 

•  Both  niuat  he  heated  to  r^tiesa  inunetliattily  boforo  use. 
t  Water  iVjialysia,  -Itli  ed.  p.  34. 

*  For  eiamplea,  aee  my  Lecturet  oa  StmU  M&dicine,  p.  78,  table  lil    [F.  de  CLl 
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milligrainmes   of   oxygen  required    for  nitrous  acid:    0*6d  x  2'875«lfi 
niillignimmta  |ier  litre  of  nitrous  acid  (XOj)- 

HiLssiill*  has  suggested  an  improvement  on  tbe  al>OTe  proceM  (Df 
Cliauraont's),  namely,  iiLstead  of  boiling  away  the  nitrous  acuL  to  distil  il 
over  and  (ietermine  it  directly  in  the  distillate.  Freaenius  proposes  a  mjsm- 
wliat  similar  plan^  only  using  acetic  acid  for  the  distOJation,  and  tbsn  iol^ 
pliuric  acid  for  the  sulj^rment  titration.  Paul'sf  plan  ^  to  precipitnis  t^ 
oi^janLC  msitter  with  aluminous  chloritie  and  80<lium  carbonate,  evaptmlt 
slowly  down,  decant,  iidd  distilled  water,  and  determine  with  the  pemsma^ 
nate  in  the  cold.  Thin  is  a  more  tedious  iiroceaa,  and  does  not  aesoi  tett 
more  accurate. 

ihie  or  two  precautions  are  neceasary  in  the  permanganate  prooe8se&  II 
procesii  (a)  permimganat^  miiBt  be  added  to  the  water  fi\^in  the  very  coi 
ment,  in  order  not  to  lose  nitrous  acid,  whit'h  may  be  ilriven  off  as  the 
is  being  heated.  The  faintest  tinge  of  colour  that  can  be  distinctlj  seenoogbi 
to  l>e  aceeptecl,  piriviiled  it  remain  for  ten  minutea.  Care  must  he  taken  to 
a<ld  the  sulphnric  aei<i  in  every  case  at  the  beginning;  if  thb  is  not  dome* 
brown  colour  is  struck  which  spoils  the  experinient  Sometimes  this  tcHmo 
appcarSj  even  aftiT  acid  is  added,  and  is  then  proliably  due  to  excess  of  OTfmic 
matter;  dUution  with  distilled  water  sometimes  remedies  this.  Th*  wat«i 
shotdd  bt?  freed  from  sediment  by  subsidence  and  decantatiom  The  perman- 
ganate acts  upon  the  india-rubber  tube  of  the  common  burette,  therefoiu  it  id 
well  always  to  run  oil'  what  ha.s  been  in  contact  with  it  before  beginnings  or 
to  nee  a  burette  with  a  glass  stop-cock. 

The  jierniauganate  process  ijs  the  only  one  (except  Frankland's)  that  giwi 
us  any  measure  of  the  oxidisahlc  organic  matt^^r  in  water,  and  is,  in 
the  present  state  of  our  knowledge,  indisiiensable,  imperfect  though  its  indict- 
tioua  may  be.  It  is  certain I3'  an  aid  to  otir  judgment  of  the  eondifcioii  <rf  s 
ilrinking  vrater,  being  to  Frankland's  carbon  pirocess  something  the  aaoie  as 
the  albuminoid  ammonia  methotl  is  to  his  nitrogen  one.  None  giTQi 
us  thoroughly  trustworthy  information,  but  for  the  army  or  navy  nw 
officer,  or  any  one  not  provided  with  a  well  ajipoint^d  laboratory,  the 
ganate  pRicees,  combined  with  Wankiyu-s,  gives  as  much  infoimation 
likely  to  be  got  at  present,  and  sufiieient  for  hygienic  purposes  It  mi 
remembered  that  the  pennanganate  does  not  act  upon  fatty  substances^ 
urea,  hippuric  acid,  creatin,  sugar,  or  gelatine. 

Aditm  of  PermanganuU  in  presence  of  an  AUcaIi\ 

In  order  to  avoid  some  of  the  fallacies  tmd  inconveniences  of  the  teat  with 
acid,  F.  8chnltzeJ  has  tried  the  following  plan,  which  has  been  slightly 
modified  hy  Lex.  Five  or  more  vessels,  each  containing  60  C,C,  of  the  water 
to  he  examined,  are  taken,  and  to  each  2  C.C.  of  thin  mdk  of  lime  are  added, 
and  then  1,  2,  I^,  4,  6  C,C»  v^'c,  of  the  permanganate  solution  (viz.,  '395 
grammes  per  litre)  are  ailded  and  left  for  two  houi-s.  At  the  end  of  that  time 
some  of  the  mmiples  will  be  decolorised,  others  still  coloured ;  if  Ko.  1  and 
No,  2  are  colourle^,  and  No.  3  is  coloured,  then  the  amount  of  pennanganati* 
destroyed  is  between  2  and  3  C.C.  As  in  the  cold  each  equivident  oi 
pernmnganate  oidy  gives  off  3  (not  5  atoms)  of  oxygen,  e^ich  CC.  corresponds 
]iot  to  *1,  but  to  *06  milMgtummes  of  oxygem§     It  is  for  this  reason  that  60 


t  Roth  fend  Lex,  op,  cit  p.  91, 


•  Adtiltertttioas  Det*icted»  18761  p.  84. 

t  Watt's  Dictiorwry  of  Chemktry  Vol,  \^  jxlOS^. 

§  With  sulphuric  scid  the  following  la  the  reaction;  — 

2(KMn04)  +  SiH.SOJ  -  K^SO^  +  2<MiiS0,)  +  8(H,0j  +  0, 
'Without  ttcid  the  reaction  is  : 

2(KMuOJ  +  H,0  -  2(MiiOj  +  2<KU0)  +  0,. 
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CC  of  Wftter  aro  UdLan  instead  of  100,  for  it  is  dear  that  if  1  CC  of  tim  pei« 
tnuogiuuta  solution  givoa  only  ^6  nuUigmmine^  to  60  CC,  it  i^  the  mmQ  tm 
*l  to  100  CC  of  the  water*  TUe  calcidation  of  the  resultfi  is  thus  ciaisj  j  iif| 
for  example,  Noa  1  and  2  are  decolorized,  while  Na  3  is  coloured,  the  amount 
uf  oxygen  required  is  between  *2  and  '3  miUigrunmes  for  100  CC,  or  2  and 
3  per  litre.  If  60  CC  of  a  water  take  leas  than  3  CC  of  the  permanganate 
aolution  to  gi re  it  a  colour  permanent  for  two  houi^  Lex  considers  that  it  is  a 
good  water  as  far  as  thig  test  is  concerned  ;  if  3  and  4  CC  are  rac^uired  it  ia 
a  medium  water,  and  if  the  5  CC  do  not  give  a  colour  the  water  is  bad. 

(d)  Niiric  Jm/. — The  most  convenient  process  for  determining  this  is 
Wankyln  and  Chapman's  modification  of  Schulse  s  procesS|  which  consists  in 
converting  the  nitrogen  acids  into  ammouia.  We  require  caustic  soda 
perfectly  free  from  nitrates  (which  can  only  be  got  by  dia8olFii]ig  metallic 
sodium  in  pare  distilled  yrater^  2  grains  tu  100  CC  of  distilled  water)  j  and 
sheet  aluminium.  100  CC  of  the  water  to  be  examined  are  mixed  with  an 
equal  bulk  of  the  alkali  solution,  and  a  piece  of  aluminium  foil,  larger  than 
is  capable  of  dissolving,  is  placed  in  it  and  left  for  several  hours.  At  the  end 
of  the  time  the  liquid  is  distilled  in  a  small  retort  and  Nesalerised  if  the 
ammonia  be  moderate  in  amount^  or  determined  by  a  standaid  acid  solution| 
if  it  be  large  (Wanklyn).  In  this  process  the  ammonia  that  comes  over  ii» 
made  up  of  the  free  or  saline  ammonia  present  in  the  water,  and  that  whidn 
resolta  ^m  the  reduction  of  both  nitric  and  niti\»us  acids.  We  can  apply  the 
neoeaeary  corrections  if  we  have  ascertained  the  amount  of  free  ammonia  and 
of  nitrous  acid  by  the  other  processes.  Thus,  let  us  suppose  that  we  have 
found  in  a  sample  of  water  0O52  of  free  ammonia,  and  1  *27  of  nitrous  acid ; 
dividing  the  lattt^r  number  by  2*706  we  get  the  unount  of  ammonia  thai 
would  result  from  the  nitrous  acid  alone,~in  this  case  0469.  If  we  obtainad 
by  th«  aluminium  process  3 '371  of  total  ammonia,  we  should  have : 

3-371  -  0^52  -  0-469  •  2*850  ammonia  from  nitric  acid. 

To  convert  this  into  nitric  acid  we  must  multiply  by  3*706  for  HXO^,  by 
3*647  for  NOj,  or  by  3-176  for  NjO^;  so  that  in  the  above  case  we  should 
have  10-562  of  HNO,,  or  10394  of  ^fUj,  or  9-053  of  K^i  ^  ^ 
milligrammes  |jer  litrei 

6.  The  determination  of  milpliuric  acid  has  already  been  lefeind  to  (page 
80). 

Iron  is  seldom  required  to  be  determined  quantitatively^  but  it  may  be  done 
by  a  colorimetric  test  (as  sugg^jsted  by  Wanklyn),  Eitbsr  the  water  may  be 
tasted  directly,  or,  what  is  better,  the  incinerated  residue  of  the  solids  may  be 
IreaMl  with  hydrochloric  acid,  and  made  up  to  100  CC  with  distilled  water. 
A  cubic  centimeter  of  solution  of  ferrocyanide  of  potassium  is  added,  which 
will  strike  a  blue  colour.  A  comparative  experiment  with  a  standard  solution 
of  iron  may  be  made.  (See  under  Alum  in  Bread.)  This  is  a  better  piocess 
than  the  permanguiate  method,  which  with  small  quantities  of  iron  gives  very 
uncertain  result&. 

Siiica  may  be  determined  from  the  incinerated  residue,  by  treating  it  with 
fttnmg  nitric  or  hydrochloric  acid,  evaporating  to  dryness,  and  again  treating 
with  acid  ;  distilliBd  water  (about  50  CC)  is  then  added,  and  a  little  heat 
applied  till  everything  soluble  is  dissolved ;  the  residue  is  silica,  which  may 
be  collected  on  a  small  filter,  ignited  and  weighed.  A  number  of  Indian 
wvlcra  contain  oonaideiable  quantities  of  silica,  either  combined  or  in  the  sus- 
pended matter,^ 


E 


f  Dr  KidkoUoa,  BX.  Ilu  ti(»tic«d  Uta^  tli9  w^Uu  at  Kaispi««j  liotb  fmm  tht  nrer  |fid  froia 
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'  Leadj  Copper^  Ai'seme,  Zinc — The  mere  presence  of  these  metals  is  enoogk 
to  condemn  a  water,  therefore  it  will  seldom  be  necessaiy  to  determine  tha 
quantitatively. 

Inferences  from  the  Quantitative  Tegts. 

The  conclusions  to  be  drawn  from  the  qualitative  tests  (page  72)  hold  gociil 
for  the  quantitative,  only  greater  precision  is  given.  It  is  necessary  not  to  be 
satisfied  with  a  single  test,  but  to  collate  the  evidence  derived  from  seveiaL 
For  example,  a  large  quantity  of  nitric  and  nitrous  acids  with  much  oxidisable 
and  nitrogenous  organic  matter,  and  much  chlorine,  show  recent  sewajjp 
impregnation ;  while  a  large  amount  of  nitric  acid  and  little  oxidisable  organi: 
matter  show  that  more  or  less  complete  conversion  of  organic  matter  has  taten 
place.  Much  albuminoid  ammonia  and  nitric  acid,  with  little  free  ammonia 
and  little  chlorine,  show  vegetable  impregnation ;  whilst  much  albumiDoid 
and  free  ammonia,  nitric  and  nitrous  acids,  with  little  chlorine,  show 
contamination  by  gaseous  emanations.  The  determination  of  the  chlorine  is 
especially  important,  as  it  is  done  so  rapidly  and  accurately  that  it  afford* 
a  good  test  of  alterations  in  the  water ;  and  if  at  every  station  this  quantita- 
tive test  were  frequently  done,  and  the  qualitative  tests  "were  also  noteiJ, 
the  entrance  of  sewage  or  other  impure  matters  containing  chlorine  would  be 
easily  detected.  Next  to  the  chlorine  the  varying  amounts  of  tree  ammonia, 
as  tested  without  distillation,  where  it  can  be  done,  would  give  useful  indica- 
tions, with  a  very  little  expenditure  of  time,  provided  the  amount  usuaUv 
present  in  the  water  was  ^own.  The  water,  not  only  of  streams,  but  uf 
shallow  wells,  is  much  influenced  in  composition  by  rain,  and  this  has  to  be 
taken  into  account  In  all  cases  the  microscopic  conditions  ought  to  be  care- 
fully noted,  when  possible,  and  considered  in  drawing  deductions  from  the 
chemical  results.  It  is  of  great  importance  that  water  should  be  examined, 
when  it  can  be  done,  on  the  spot  where  it  is  obtained.  At  all  events  tb« 
fullest  possible  information  about  its  source  and  surroundings  should  be  gc^t 
before  giving  an  opinion  based  on  the  examination. 

General  Statement  of  the  Results  of  the  Water  Analysis,* 

The  analysis  can  be  stated  in  any  convenient  form,  and  the  quantities  given  in 
grains  per  gallon  or  in  milligrammes  per  litre. 

The  following  is  the  Form  of  Eeport  at  present  used  at  Netley  : — 

Report  an  a  sample  of  Drinhing-water, 

Drawn 187 

from Eeceived 187 

Source 


Physical  Characters, 

Colour  (through  18  inches) Lustre. . 

Turbidity Taste... 

Sediment Smell.. 


wells,  containfl  from  2  to  6  grains  per  gallon  of  silica  derived  from  micaceous  gravel;  it  u  com- 
bined with  magnesia,  and  it  renders  the  soap  test  inapplicable. 

*  For  details  of  farther  processes  reference  may  be  made  to  Sutton's  Volumetric  Anal3r8i8, 
Sd  edition  ;  Wanklju's  Water  Analysis,  4th  edition ;  or  HassaU's  Adnlteration  Detected,  1876. 
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^ 
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miUi- 
grammes 

per  litre^ 


^ 


CHEMICAL  ANALYSIS, 
Qnolitative, 

lime ..♦.-*,,,..».,.,..,..     Ammonia , 

Magnesia ,.. Kitric  acid 

Chlorine Nitrous  acid 

Sulphuric  acid Organic  matter 

Pbosphoric  acid.  Iron 

Lead  or  copper Zinc........... 

Ilardnem.         Total \      Degrea'j 

Fixed I  of 

Tempomry  or  Eemovabia J  Clark's  scale. 

QaanHtaiive,  graim per  gallon^ 

Yolatilo  matter  [by  incineration  and  after  recarbonating]  . , 

'  Oxygen  required  for  organic  matter 

Ammonia,  free  , 

Do.,      albuminoid , 

Nitric  acid........... 

Nitrous  acid ..-,*..,.♦, .•.»,.».^^ 

Chlorine 

Sodium  (combined  with  da) 

Calcium  carbonate,* 

Fixed  hard  salts  (estimated  as  calcium  carbonate) 

*Siilphuric  acid 

*AlkaUue  carbonates,  4rc. 

*Silica,  Alumina,  &c 

Total  solidjs  by  evaporation * 

Micro$e(^c  eharacters  and  retnarks, 

Examination  of  Wafer  gtupeciefi  to  he  contaminated  with  the  discharges 
from  ChoUra  or  T^haid  PatientSy  or  with  Marsh  Wfiter. 

The  examination  of  water  contaminated  with  cholera  discharges  is  a  moat 
difficult  process.  If  choleraic  stook  are  added  in  snnie  quantity  the  water 
distuictly  hazy,  and  in  places  where  cholera  jtrevaOis  aiiythinjjr  like 
hare  should  lead  to  the  disuse  of  the  water.  If,  however,  the  choleraic 
dischai^  is  in  small  amount,  the  transparency  of  the  wat'cr  may  be  unohangwl, 
JMifl  in  this  case  it  is  certain  that  no  chemical  test  would  detect  what  miifht 
be  a  fiufficient  amount  of  cholera  poison  to  cause  the  disease.  Fortunately  we 
'^liave  a  micruscopic  tc^^t  of  Talua  Dr  C.  Macnaniarat  has  stated  that  in 
wat<»r  contamiuiited  with  cholera  discbarges  viliriones  appwar  with  great 
rapidity,  and  the  water  is  dangerous  during  this  period  of  active  vibriunal 
1  growth.  This  observation,  made  by  a  careful  observer,  should  certainly  be 
attended  to ;  the  water  should  be  carefully  examined  for  vibriones  with  high 
powers  (1000  to  1200  diameters),  and  if  they  are  pre^aent  ehuuld  be  at  ouco 
sjected.  Pasteur*8  fluid  may  also  be  used,  and  wuuld  pr^ibaVily  become 
'  in  a  ye^vy  short  time,  and  this  might  be  an  additional  test.  XMien  the 
ibrional  stage  is  replaced  by  the  appearance  of  ciliated  infusoria,  the  water, 
ording  to  Macnamara,  is  no  longer  dangerous. 
In  the  case  of  the  discharges  of  enteric  fever  entering  water,  the  amount  of 


•  Wliwi  tlMM  eoostiiii«fiti  liavv  D<yt  been  detenniDed  in  detail,  thuy  c«i  b©  gTOU£«d  together 
tiDiler  tli«  b«4id  of  "  other  •ubetailoes." 

t  On  AAutic  Cbolen,  1870,  pp.  S30  and  3IB7. 
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tha  diBckarge  is  usually  large,  and  the  water  is  rendor^  ptraepllbiy  told  k 

smell  and  taste ;  chemical  evidence  of  sewage  (excess  of  ammonia,  cblohufi, 
l)hospboric  acitl,  and  oxidisable  matters)  seems  to  be  usually  attainabk. 
Altboufjh  no  obsen^ation  has  been  ma<ie  on  the  pointj  it  seems  iikelj  that,  if 
vibriones  exist  in  great  number  in  the  typhoid  at^x^ls,  they  would^  as  m  tbr 
case  of  cholera,  be  found  Ln  the  water. 

In  the  case  of  marsh  water,  again,  there  is  always  abma dance  of  Tegetabfc 
and  animal  lift%  and  in  heating  the  water  the  pt-culiar  marshy  smell  inaj  often 
be  perceived.  Tii^mann  notices  that  pbosphonc  acid  is  attmetimes  found  in 
large  quantities  in  water  from  marshy  mu^idows, 

SECTION  VI. 
Sdh-Sectiojt  L — ^Skaroh  after  Water, 

Occasionally  a  medical  officer  may  be  in  a  position  in  wbick  be  has  to  aearck 
for  water.     Few  precise  rules  can  be  laid  down. 

On  a  plain ^  the  depth  at  which  water  will  hti  found  will  dejiend  on  tho 
f>ermeabiJity  of  the  mil,  and  the  depth  at  which  bartl  n>ck  or  clay  will  hold 
up  water.  The  plain  should  bo  well  sniTcyed ;  and  if  any  part  seem*  bebw 
the  genend  leveb  a  well  should  be  sunk,  or  trials  maiie  with  Nortou^e 
we  Us.  The  part  most  covered  with  herbage  is  likely  iv  have  ihet 
nearest  the  surface.  On  a  dry  sandy  plain,  morning  mists  or 
insects  are  said  sometimes  to  mark  water  below*  Xear  the  »«3a,  water  ii 
geneniMy  found  ;  even  close  to  the  sea  it  may  be  freak,  if  a  krge  Kniy  of  imsk 
water  ilowing  from  higher  ground  holds  ba*ik  the  salt  water.  But  usually 
wells  simks  near  tbo  sea  are  brackish ;  and  it  is  necessary  to  mnk  several, 
passing  farther  and  farther  inland,  till  the  point  is  reached  where  tbe  freek 
water  htis  the  prtidominance. 

Among  the  hills  the  search  for  water  is  easier.  The  bills  etort^  up 
which  runs  otf  into  plains  at  their  feet.  WeUs  should  be  amik  at  the  foot 
bills,  not  on  a  spur,  but,  if  fiossible,  at  the  lowest  point  j  and  if  there  arv  any 
indications  of  a  water-t:iour8e,  as  near  there  as  possible.  In  the  valleys  among 
liills,  the  junction  of  two  long  valleys  will,  e^peeially  if  there  is  any  nairowiJig, 
generally  give  water.  The  outlet  of  the  longest  valleys  should  be  choatm,  and 
if  there  ift  any  trace  of  the  junction  of  two  water-courses,  the  well  should  be 
8Unk  at  their  union.  In  a  long  valley  with  a  contraction^  water  should  be 
sought  for  on  the  mountain  side  of  the  contractiom  In  digging  at  the  side 
of  a  valley^  the  side  with  the  highest  bdla  should  be  chosen. 

Before  commencing  to  dig,  the  country  shouJd  be  as  care  fully  looked  oy«r 
as  time  and  opportmiity  peniiit,  and  the  dip  of  the  strata  made  out^  if 
possible.  A  little  search  will  stimetimes  show  which  is  the  directiou  of  faU 
from  high  grctunds  or  a  water-ehed. 

If  moist  gn>und  only  is  reached,  the  insertion  of  a  tube,  pierced  with  holes, 
deep  in  the  moist  ground,  will  sometimes  cause  a  good  dt-al  of  water  to  be 
collected,  i^orton's  Amerietm  tube  well  (page  7)  gave  satisfaction  in  Abys 
Hinia,  although  it  did  not  succeed  so  well  in  Ashantce,  A  common  pump 
wiU  raise  the  water  in  it  if  tbo  depth  be  not  more  than  24  or  26  feet;  if 
deeper,  a  special  force  pump  has  to  be  used. 


1  neia 
hebw     J 

ter  i     I 


foot  0^^ 

Pl»   ATlT 


Sub-Sbotion  IL — Spboial  Considkbatioks  on  the  Supply  of  Water 

TO  SOLHIERa, 


In  barracks  and  hospitals,  and  in  all  i^ual  stations,  all  that  has  to  be  donO 
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common  jtltm  is  to  cany  a  cfisk,  charred  inside,  and  pierced  with  sibaH  IwW 
at  the  bottom  ;  it  ie  mink  in  a  small  stream,  and  the  water  rises  thn>Qgk  tli? 
holes.     A  Letter  plan  still  is  to  Have  two  caska,  one  inside  the  other ;  tk 


Fig.  6. 


Fig.  6, 


Fig.  7. 


Fig.  S, 


cater  pierced  with  holes  at  the  bottom,  and  the  inner  near  the  top  ;  the  wpv» 
between  ijb  fQled  with  sand,  gravel,  or  charcoal,  if  procurable ;  the  water  : 


Fig.  9, 

through  the  gravel  between  the  barreb,  and  flows  into  the  inner  ban^l.     In 
the  French  army  it  is  ordered  f  that,  if  other  means  cannot  be  procure*!,  fresh 

t  Code  des  Officiew  de  Sunt*,    Par  Dldiot.    P.  515. 
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It  might  be  inferred  from  the  physioloj^rical  evidence  of  the  paramount  import- 
aiii".e  of  proper  aeration  of  the  bloody  tliat  the  hreathlng  of  air  remiered  impurs 
from  any  cause  ia  hurtfid,  and  that  the  highest  degree  of  health  is  only  poi- 
eiblo  when  to  the  other  conditions  is  added  that  of  a  proper  supply  of  pure 
air.  Expenence  strengthens  this  inforence.  Statistical  intpiiriee  on  mortaUty 
prove  beyond  a  doubt  that  of  tbe  causes  of  death  which  usually  are  in  action, 
impurity  of  the  air  ia  the  moat  important  Jndividaal  oh^rvations  confirm 
this.  No  one  who  has  i>aid  any  attention  to  the  condition  of  health,  and  the 
recovery  from  disease  of  those  jitTsons  who  fall  under  his  oliservation,  can 
doubt  that  impurity  of  the  air  marvellously  affects  the  first.,  and  influencesv 
and  sometimes  even  regidate^,  the  second.  The  average  mortality  in  tUia 
country  increases  tolerably  regularly  with  density  of  population.  Density  of 
population  usually  implies  poverty  and  insufficient  food,  and  unhealthy  work; 
but  its  main  e^jncomitjint  condition  m  imparity  of  air  from  overcrowding, 
deficiency  of  cleatdinoss,  antl  imperfect  removal  of  excreta,  and  when  tliis 
condition  in  removed,  a  very  dense  and  jioor  population  may  be  perfectly 
healthy.  The  same  evidence  of  the  effect  of  pure  and  impure  air  on  health 
and  mortality  is  still  more  strikingly  shown  by  horses  *  ftir  in  that  case  the 
question  is  more  simple  on  account  of  the  absolute  similarity  in  different 
periods  or  places  of  food,  water^  exercise,  and  trefitment  Formerly,  in  the 
French  army,  the  mortality  among  tbe  horses  was  enormous.  Eossignol*  states 
that,  pre\iou8  to  1836,  the  mortality  of  the  French  cavalry  horses  varied  from 
180  to  197  per  1000  per  annimi.  The  enlargement  of  the  stables,  and  the 
**  increaised  ijuaiitity  of  the  ration  of  aLr,"  reduced  llie  loss  in  the  next  tea  yeaSB 
to  6S  per  1000,  t  Ifi  ^^he  Italian  war  of  1859,  M.  Moulin,  the  chief  veterinary 
surgeon,  kept  10,000  horses  many  months  in  barracks  o|ien  to  the  external 
air  in  pi  nee  of  closed  stables.  Scarcely  any  horses  were  sick,  and  only  one 
case  of  glanders  occurred,  f 

In  the  English  cavidry  (and  in  English  racing  stiibles)  the  same  facta  are 
well  known.  Wilkinson  g  informs  us  that  the  annual  mortality  of  rivalry 
horses  (which  was  formerly  great)  is  now  reduced  to  20  per  1000,  of  which 
one-halif  is  from  accidents  and  iucurable  diseases.  Glanders  and  farcy  have 
almost  disappeared,  and  if  a  case  occurs,  it  is  considered  evidence  of  neglect. 

The  food,  exercise,  and  genend  treatment  being  the  same^  this  result  has 
been  obtained  by  cleanliness,  dryness,  and  the  freest  ventilatioiu  Tbe  ven- 
tilation is  threefold — ground  ventilation,  for  drying  the  floors ;  ceiling  ventila- 
tion, for  dischaiTge  of  foul  air  ;  and  supply  of  air  beneath  the  horses'  noses,  to 
ddutc  at  once  the  products  of  respiration. 


L 


•  Traits  d^Hyd^ne  Mtlilaire.     Parii,  IS***?. 

t  Wilkinaotij  Jouraul  of  the  Royal  Af^cultural  Sodetji  No,  80,  p  &1,  et 

t  Umy,  Hygifene  ries  Hap.  Mil,  1862,  p.  63,  ^Op.c 
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smell  nor  taste,  and  are  inlialed  without  any  knowledge  on  the  pait  i 

0  who  br^iithe  them.     Others  are  smt^lt  or  lasted  at  first ;  but  in  a  sbiOA 

'time,  if  the  substance  remains  in  the  atmosphere,  the  nervee  lose  their  delicacj ; 

80  that,  in  many  cases,  no  warning,  and  in  other  instances,  elxght  waniiu§ 

only,  ig  given  by  the  senses  of  these  .atmaspheric  impurities. 

As  if  to  compensate  for  this,  a  wonderful  series  of  processes  goes  on  in  tbt 
atmosfiheit},  or  on  the  earth,  wliich  ke(.^f»s  the  air  in  a  state  of  purity. 

Gases  diffuse,  and  are  carried  away  by  wimJ^,  and  thus  become  so  diluted 
^liB  to  be  innocuous ;  or  are  decomposed  if  compound*  or  are  washed  down  bj 
ain ;  solid  Biibstances  liiU^.d  into  the  air  by  winds,  or  by  the  ascensional  force 
of  evapomtiou,  ftdl  by  their  own  weight ;  or  if  organic,  are  oxidised  into 
Hiinjile  euiiii>"juudH,  Huch  as  water,  carbonie  acid,  nitric  acid,  and  ammonia; 
or  dry  and  brL-ak  up  iuto  imjialj^iable  particles,  which  are  washed  down  bj 
raiiL  Difrusi^m,  ililutiou  by  wimls,  oxidation,  and  the  fall  of  rain,  aie  the 
great  punhers ;  and  in  addition,  there  is  the  wonderful  laboratory  of  tfaf 
vegetable  world,  which  keeps  the  carlKjnic  acid  of  the  atmusphere  within 
certain  limit**.  If  it  weiN^j  not  for  these  coimterlmiancing  agencies,  the  atmo- 
Bphbre  would  soon  become  too  impure  for  the  humtm  race.  As  it  is,  it  ii 
wonderful  how  soon  the  immense  impurity,  which  daily  passes  into  the  nil, 
is  rciuioved,  except  when  the  perverse  ingenuity  of  lunu  opfKises  some  ob 
or  makes  too  great  a  demsiuil  eveu  u|xjn  the  purif  mg  powera  of  Nature. 

The  air  passing  into  the  lungs  in  the  necessary  and  antomatic  _ 
r^pii-ation,  is  drawn  successively  through  the  mouth  and  nose,  the 
and  the  air  tubes.     It  may  consist,  according  to  circumstances,  of 
perfectly  giLseous  (as  in  puie  air),  or  of  a  mixture  of  gases  and  solid 
mineral  or  organic,  which  have  passed  into  the  atmosphere. 

The  truly  gt^eous  substances  will  doubtless  enter  the  passages  of  the  luDgSi 
and  w^ill  meet  there  with  that  wonderful  surface,  covered  with  the  moal 
dflicate  tufts  of  blood-vessels,  unshielded  even,  it  is  siipixised  by  some^  by 
epithelium,  which  stand  up  on  the  surface  of  5,000,000  or  6,000,000  air-cells, 
and  through  which  the  blood  Hows  with  great  velocity ;  there  they  wiil  br 
absorbed^  and  if,  as  has  been  calculated,  the  surface  of  the  air-cells  is  as  much 
as  from  10  to  20  square  feet  (and  some  have  placetl  these  figures  much  higher), 
we  can  weU  understand  the  ease  and  rapidity  with  which  gaseous  substance* 
will  enter  the  blood. 

The  solid  particles  or  molecules  entering  with  the  air,  may  lodge  in  the 
mouth  or  nose,  or  may  pass  into  the  lungs,*  and  there  decompose,  if  of 
destructible  natiu-e;  or  may  dissolve  ur  breii  down  if  of  mineral  formation; 
or  may  reinuin  as  sources  of  irritation  until  dislodged ;  or  perhaps  become 
coverctl  over  with  epithelium,  like  the  particles  of  carbon  in  the  niiner*a  lung, 
or  may  pass  into  ejdthehum  and  enter  the  body  thiT^ugh  the  lymphatics. 

If  such  particles  lodge  in  the  mouth  or  nose  they  may  he  swallowed,  and 


^ 


*  The  evidence  of  '*  roinerfl'  phttiisis  "  proves  tbls  ;  but  in  addition,  Frofesaor  Zenker  hi* 
pulilitihefl  ca^ea  in  wtiicb  anuff  and  di  He  rent  coloured  powders  have  been  found  in  the  loiigi  Q^ 
workmen  employed  in  worksbopi*  in  whioh  such  particlci  have  been  luixed  witb  nir.  Dr  K;  * 
(Vircbow*«  Ardnv,  band  39,  p.  442)n>nflrjed  niiitqalii  in  aliox  Inta  which  the  particles  of  a 

lump  possed  ;  tlie  imiinalK  were  well  fed  and  were  healthy  ;  the  ch«rcoal  pwwed  into  the  1     ^ 

and  wan  ^(ti  rid  of  by  expectc»mtion  in  the  form  of  pigment -cf-lk.  Wben  Knanff  inhjiled  jmr^ 
tide«  of  ultmiiiariue  for  only  tt^n  minut^^H,  and  eianiinvd  his  MpuU,  he  fouud  <^Us  with  bine 
pftrticles  in  thfir  interior.  In  a  cat  chaiiioal  particles  jieneti-ated  in  three  days  from  th©  long* 
into  the  Ipnpbatic  filands  and  to  the  pleura. 

Dr  Green  now  (Trans,  PatboL  Society,  1B68-09)  bos  also  pointed  out  liow  eaiily  amall 
floating  iwirtii  lei»  enter  tiie  air  cells,  and  encroach  on  thn  alveoli,  and  pass  into  tbe  inteiioi'  of 
ciliated  t-pithelinm.  Villarvt  confined  rabbits  in  a  »moky  fitnupsiibere  and  proved  the  existence 
of  line  iiarlicle*  of  carbon  in  the  bronchi.  Franke  ^Deutsche  KUnik,  1S60,  No.  id)  found  par- 
ticks  at  charooal  in  the  Innga  in  a  tnan  employed  in  loading  charcoal. 
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pMs  into  the  ftlimentery  canal,  and  it  is  even  more  probable  that  this  should 
be  the  case  with  all  except  the  lightest  and  nio^t  finely  divided  substances, 
thiiu  tliat  they  should  pass  into  the  longa.  Although  incapable  of  present 
prtM>f,  there  is  some  resison  to  think  that  mnm  of  the  specific  poisons,  which 
float  about  in  an  impure  atmosphere,  such  m  tho^e  which  arise  from  the 
typhoid  or  cholera  eiracuationa,  may  protluce  their  firet  effect^  not  on  the 
lungs  or  blood,  but  on  the  aUnientary  mucous  membrane,  with  which  they 
mre  brought  into  contact  when  swallowed. 

Sl^^bction  L-~8u8fendkd  Mattbrsi 

Nafure  of  Suspended  Subsfanc^s. — An  immense  number  of  substances, 
orpfauic  and  inorganic,  may  be  suspended  in  the  atmosphere^  From  soil  the 
winds  lift  aiUca,  finely  powdered  silicate  of  alumina,  carbonate  and  phosphate 
of  calcium,  iind  peroxide  of  iron.  Volcanoes  throw  up  fine  particles  of  carlion, 
sand,  and  dried  mud,  which  passing  into  the  higher  regions,  may  be  carried 
over  hundnL»«Js  of  miles. 

The  animal  kingdom  is  represented  by  the  debris  of  the  perished  creatures 
who  have  lived  in  the  atmosphere,  and  also  it  would  appear  that  the  ascen- 
sional force  of  evaporation  will  lift  even  animids  of  some  magnitude  from  the 
surface  of  marsh  water.  The  germs,  also,  of  Yibriones,  Bacteria,  and  Monads 
(if  we  may  call  these  animals),  are  hugely  present,  and  small  eggs  of  various 
kinds. 

From  the  vegetable  world  pass  up  seeds  and  dthrn  of  vegetation ;  pollen, 
spores  of  fungi,  mycodemis,  muci^dine.s,  which  may  grow  in  the  atmosphere, 
and  innumerable  volatile  substances  or  cHlours. 

From  the  sea  the  wind  lifts  spray,  and  the  cMoride  of  sodium  becoming 
dried  is  so  diffused  through  the  atmosphere,  that  it  is  difficult,  on  spectrum 
analysis,  to  find  a  spectrum  without  the  yellow  line  of  soda. 

The  works  and  habitations  of  man,  however,  fiimish  matters  probably  of 
much  greater  importance  in  a  hygienic  point  of  view. 

It  b  not  easy  at  present  to  give  a  complete  enumeration  of  all  the  sub- 
stances, but  the  foUowing  are  the  chief  facts,  divided  under  the  headings  of 
suspended  substances  in  the  external  air  \  in  rooms  inhabited  by  healthy 
pezBons ;  in  rooms  inhabited  by  sick  persons  ]  in  workshops  and  factories. 

Suspended  Suhsianceg  in  External  Air, 

L  Dust  gad  sand  showers.  In  different  parts  of  Europe  there  occur  from 
time  to  time  showers  of  dust  and  sand.  Ehroub^rg*  gives  the  microscopic 
examination  of  seventy  showers ;  in  addition  U*  |>ai*ticles  of  saml  and  oxide 
of  iion  there  were  nnmeroua  organic  forms,  which  are  cluisse^l  by  Elirenberg 
un«ier  the  headings  of  polygustrica  (194  furms),  phyUdLllmriie  {U.!>  fornis)^ 
polytbalmia,  A'C  In  aildition  there  were  portions  of  plants  and  fragments  of 
inaecta  In  a  dust  storm  of  February  1872,  in  Hicily,  Silvestri  f  found  four 
of  diatoms  and  living  infusoria,  lliese  sand-storms  are  sometime 
monsoon  showers,  but  It  would  appear  that  any  violent  storm  of  a 
cvclonic  chanieter  mny  lift  the  dust  from  sandy  wastes,  as  from  the  African 
deserts^  and  tzBAsport  it  great  distances. 

It  remains  yet  uncertain  whether  all  dust^stonns  are  entirely  of  telluric 
origin ;  it  has  been  supposed  that  some  may  be  derived  from  meteoric  showers, 


KS^i 


•  BbroDbCTs't  latest  work  wm  publiibetl  in  1871.  TJeberHitHt  der,  nelt  1847,  fprtgwtrtcn 
UnlsiMichniigeo  fiber  dat  ron  der  Atmcwpheiv  tmsicLtbar  goimgeDo  reictie  oi gatiliichtf  Lebeti, 
B«vtlB,lS71. 

tOMnplM  R«iidii4. 1872,  «Tid«  p,  m. 
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i,e.f  may  enter  our  atmosphere  from  the  realms  of  space,  and  there  has  hm 
some  speculation  as  to  whether  morpholithes  of  peculiar  nature  may  not  be 
contained  in  such  meteoric  dust  showers.  But  the  point  at  present  has  no: 
been  cleared  up. 

There  seems  no  doubt  that  atmospheric  dust  may  travel  to  great  distancp^. 
the  air  of  Berlin  has  evidently  contained  organisms  derived  from  the  Africa:, 
deserts,  and  the  sails  of  ships  600  or  800  miles  from  Africa  are  often  quiv 
red  with  the  sand  which  lodges  on  them. 

2.  Independent  of  these  sand-storms  there  are  numerous  living  creatures  in 
the  atmosphere :  some  lifted  from  the  ground  by  winds,  others  growing  in  tlir 
air.  Ehrenberg  has  discovered  at  least  200  forms — ^rhizopoda,  tardigrajea,  an  1 
anguillulae.  These  can  be  dried,  and  will  then  retain  their  vitality  f  :■: 
months,  and  even  years. 

When  the  external  air  is  examined,  either  by  means  of  an  aeroscope  of  some 
kind,  or  by  drawing  it  through  previously  heated  glass  tubea,  surrounded  by 
a  freezing  mixture,  many  of  these  organisms  can  be  found.  Their  numlier 
cannot  be  directly  estimated  at  present.  Indirectly  A.  Smith  baa  endeavouroJ 
to  calculate  the  amount*  from  the  ammonia  in  the  air  which  appears  to  be 
derived  from  organic  matter,  and  has  supposed  that  there  might  be  529,560 
germs  (  =  -0056  grain)  in  one  cubic  foot  of  the  air  of  a  city.  But  indirect 
calculations  of  this  kind  are  of  course  doubtful  The  following  are  the  mo&t 
important  kinds : — 

(a)  Extremely  small  round  and  oval  cells,  sometimes  growing  together,  or 
more  probably  cleaving,  and  then  presenting  an  appearance  like  the  figure  of 
8.  The  cells,  described  by  Lemaire,t  Trautman,!  B<^.champ,  and  others,  ar^ 
exceedingly  minute,  and  it  requires  a  power  of  600  to  1000  diameters  to  see 
them  properly.  Trautman  states  that  they  grow  faster  when  sulphuretW 
hydrogen  is  in  the  air,  and  are  checked  by  carbolic  aCid  Lemaire  found  them 
in  immense  quantities  in  the  air  of  dirty  prison  cells,  and  in  the  sweat  of  tbo 
prisoners ;  they  will  occur,  however,  in  the  open  air.  They  are  supjxxsed  to 
increase  rapidly  by  cleavage,  but  their  future  development,  if  any,  ha*  not 
been  traced ;  no  effect  on  the  body  has  been  proved  to  be  produced  by  them. 
To  these  bodies  the  term  microzymes  should  perhaps  be  restricted. 

To  the  same  class,  perhaps,  as  those  round  and  oval  cells,  the  bacteria  and 
monads,  which  have  been  described  as  gathered  from  the  air,  must  be  assigne^l : 
the  development  of  these  cells  into  moving  vibriones  and  rod-like  bacteria, 
though  asserted,  has  not  yet  been  definitely  proved,  and  indeed  Bunion- 
Sanderson's  observations  rather  throw  doubt  on  the  statement  that  true 
bacteria  exist  in  the  air.  Dr  D.  D.  Cunningham§  found  that  Bacteria  are 
rarely  present  (that  is,  recognisable,)  in  dry  atmospheric  dust,  but  they  were 
occasionally  found,  as  well  as  a  specimen  of  green  spirilluuL  But  in  the  de- 
posit from  the  moist  air  of  sewers  distinct  Bacteria  were  frequently  observed 

{b)  Spores  of  fungi  are  not  infrequent ;  in  the  open  air  they  occur  ma^t 
conunonly  in  the  summer  (July  and  August  ||) ;  they  are  not  in  this  country 
more  frequent  with  one  wind  than  another ;  the  largest  number  found  by 
Maddox  in  ten  hours  was  250  spores ;  on  some  days  not  a  spore  can  be  found. 
Maddox  leaves  undetermined  the  kind  of  fungus  which  the  spores  dovelojveJ 
under  cultivation ;  the  spores  were  pale  or  olive-coloured  and  oval,  probably 
from  some  form  of  smut     Angus  Smith  found  in  water  through  which  the 

•  Air  and  Rain.  b.  604. 

t  Comptes  Rendus  de  I'Acad.,  Oct.  1867,  b.  687. 

t  Die  Zersetzuugsgase  als  Unache  zur  Weiter-verbrei^ung  dor  Cholera,  1869. 
'   J  Op.  eit. 
V  Maddox,  Monthly  Journal  of  the  Microscopical  Society,  Jane  1870,  an^  Febroary  1871. 
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(f)  It  cannot  b^  doubted  thiit  vAiiofiiA  OflgBiiic  sabstaneee  dried  in  the  gromtd 
and  finely  pulverifled)  maj  be  lifted  into  tne  air  by  winds^  and  maj  be  carrie*! 
to  great  distances ;  nndet  t^e  microscope  the  particles  would  probEtblj  appear 
f otmless,  and  oould  not  be  referred  to  any  special  clasSy  but  would  be  include-! 
under  the  term  of  "  dust,"  or  "  amorphous  matter."  In  this  way  it  is  believed 
that  some  diseases  may  be  propagated ;  cholera,  for  example,  by  the  particles 
of  dried  excreta  lifted  and  carried  by  the  wind,  and  smallpox  and  scarlet 
fever  by  the  disintegrated  epidermis  or  dried  dischargefi.  In  the  case  of 
smallpox  and  scarlet  fever,  the  distances  to  which  the  ''  contagions  "  spread 
by  means  of  the  air  is  certainly  inconsiderable.* 

Some  of  the  various  particles  of  different  kinds  thus  suspended  in  the  air 
reflect  and  scatter  the  rays  of  light,  and  produce  the  appearance  of  fine  motes, 
which  are  familiar  to  every  one,  as  seen  in  the  course  of  a  ray  of  light  passing 
through  a  dark  room,  or  when  aa  electric  beam  is  transmitted  through  a  tnhe. 
When  the  air  is  kept  motionless  they  subside,  so  that  most  of  them  have 
some  weighty  though  some  are  so  light  as  not  to  subside  in  rarified  air 
(Tichbome) ;  when  heated,  Tyndall  has  shown  that  some  of  them  are  burnt, 
and  a  little  bluish  mist  arising  from  the  combustion  can  even  be  perceived ; 
the  destructible  nature  proves,  of  course,  the  organic  origin  of  those  consumed, 
but  does  not  show  whether  they  are  organised  or  not 

Suspended  Matters  in  Enclosed  Spaces, 

1.  Rooms  inhabited  by  Healthy  Persons. — In  all  inhabited  rooms  which  are 
not  perfectly  ventilated,  the  presence  of  scaly  epithelium,  single  and 
tesselated;  round  ceUs  like  nuclei,  portions  of  fibres  (cotton,  linen,  wtxJ), 
portions  of  food,  bits  of  human  hair,  wood,  and  coal,  can  be  found  in  addition 
to  the  bodies  which  are  present  in  the  external  air,  though,  as  shown  bv 
Watson,  mineral  matters  and  vegetable  matters  are  not  so  plentiful,  as  the 
comparative  stillness  of  the  air  allows  them  to  falLf 

In  some  cases  articles  of  furniture  may  furnish  certain  substances ;  the  flock 
wall-papers,  coloured  green  by  arsenical  preparations  ^especially  Scheele's  green 
and  Schwcinfiirth  green),  give  off  little  particles  oi  arsenical  dust  into  the 
room ;  %  and  it  has  been  shown  by  Professor  Fleck  §  that  the  arsenious  acid  in 
the  Schweinfiirth  green,  when  in  contact  with  moist  organic  substances,  and 
especially  starch  sizing,  forms  arseniuretted  hydrogen,  which  diflTuses  in  the 
room,  and  is  no  doubt  the  cause  of  some  of  the  cases  of  arsenical  poisoning 
from  green  papers. 

2.  Sick-Roonis. — In  addition  to  being  vitiated  by  respiration,  the  air  of 
sick-rooms  is  contaminated  by  the  abundant  exhalations  from  the  bodies,  and 
by  the  effluvia  from  discharged  excretions.  The  quantity  of  organic  matter 
is  known  to  be  large,  but  it  is  difficult  at  present  to  give  a  quantitative  state- 
ment Moscati,  who  (in  1818)  condensed  the  watery  vapour  of  a  ward  at 
Milan,  describes  it  as  being  slimy,  and  as  having  a  marshy  smclL  The 
peculiar  smell  of  an  hospital  is  indeed  very  remarkable,  and  its  similarity  in 
hospitals  of  diflerent  kinds  seems  to  show  that  the  odorous  substance  has  a 

*  In   the   air   of  the    back-vard  of  another    London   hospital,    I  found   considerable 

anantities  of  epithelinm ;  and  in  the  "  dirtv  linen  area/'  where  the  foul  linen  was  kept  in  crates 
ill  washed,  I  found  not  only  epithelium,  but  even  pus  globules,  and  also  a  quantity  of  fatty 
crystals,  apparently  from  dressings.  There  were  also  Bacteria,  both  free  and  in  the  sooglaul 
form.    (F.de  C.) 

t  Numerous  ob<iervations  on  the  air  of  barracks  and  military  hospitals  have  been  made  bt 
medical  officers  of  the  army,  especially  by  Dre  de  Chaumont,  Frank,  Hewlett  (of  Bombay). 
Stanley,  Baynes  Rewl,  Venner,  Watson,  and  many  othera.    (See  the  Army  Mecticid  Depart- 
VMnt  Annual  Reports,  ftova  18/00-70), 
X  Halley  and  many  others.  §  Zeitach.  fUr  Biologie,  bd.  vliL  p.  445  (187^). 
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the  Protoeoceus  pluvialisy  may  be  dried  and  yet  retain  their  vitality  even  fe 
years,  and  may  be  blown  about  in  atmospheric  currents ;  but  it  would  not  be 
right  to  infer  a  similar  power  on  the  part  of  epithelium  or  pus  cella. 

3.  Workshops^  Factories^  and  Mines. — Grinding  of  steel  and  iron,  and 
stones;  making  metallic  and  pearl  buttons;  melting  zinc;  melting  solder; 
carding  and  spinning  textile  fabrics  of  all  kinds ;  grinding  paint ;  making 
cement,  and  in  fact  almost  innumerable  trades  cause  more  or  less  dust  deriTed 
from  the  fabrics  and  materials,  to  pass  into  the  air. 

Dr  Sigerson^  found  a  black  dust  composed  of  carbon,  iron  (in  the  shape  of 
small  jagged  pieces,  and  also  as  hollow  balls  ^innF  ^^  ^^  inch  in  diameter), 
and  ash,  in  metal  shops.  In  the  air  of  a  printing  office  there  was  enon^ 
antimony  to  be  chemically  detected.  In  the  air  of  stables  were  equine  bain, 
epithelium,  moth  cells,  ovules,  and  various  fungi 

In  addition  to  these  suspended  matters,  which  vary  with  the  kind  of  work, 
the  air  of  workshops  is  largely  contaminated  by  respiration  and  by  the  com- 
bustion of  gas  (see  below  and  page  105). 

In  mines  the  suspended  matters  are  made  up  of  the  particles  of  the  parti- 
cular substance  which  \a  being  worked,  or  of  rock  excavated  to  obtain  metaLs) 
of  sooty  matters  from  lamps  and  candles,  and  of  substances  dmved  from 
blasting  (see  page  112). 

Sub-Seotion  n. — Gasboub  Substanoeb. 

A  great  number  of  gases  may  pass  into  the  atmosphere  either  from  natural 
causes  or  from  the  works  of  man. 

Compounds  of  Carbon, — Carbonic  acid  (abnormal  if  exceeding  6  in  10,000 
parts),  carbonic  oxide,  carburetted  hydrogen,  and  peculiar  substances 
(gaseous)  in  sewer  air. 

Compounds  of  Sulphur, — Sulphurous  acid,  sulphuric  acid,  siilphurett€J 
hydrogen,  ammonium  sulphide,  and  carbon  bisulphide. 

Compounds  of  Chlorine, — Hydrochloric  acid  from  alkali  worka 

Compounds  of  Nitrogen, — Ammonia  and  ammonium  acetate,  sulphide,  and 
carbonate  (normal  in  sm£Jl  amount  ?),  and  nitrous  and  nitric  acids. 

Compounds  of  Phosphorus. — Phosphoretted  hydrogeiL 

Organic  Vapours, — Of  the  exact  composition  of  the  vapours,  often  foetid, 
which  arise  from  various  decomposing  animal  matters,  little  is  known.  The 
vapours  of  sewage  have  been  examined  by  Odling,  and  were  found  to  be 
carbo-ammoniacal,  containing  more  carbon  than  methylamine,  and  less  than 
ethylamine. 

Sub-Section  TIL — Nature  of  Impurities  in  Certain  Special  Cases. 
Air  Vitiated  by  Respiration. 

An  adult  man,  in  ordinary  work,  gives  off  in  twenty-four  hours  from  12  to 
16  cubic  feet  or  more,  according  to  weight,  of  carbonic  acid  gas,  and  also 
emits  an  undetermined  quantity  of  carbonic  acid  gas  by  the  ^in.  On  an 
average,  an  adult  man,  not  doing  excessive  work,  may  be  considered  to  give 
to  the  atmosphere  every  hour  not  less  than  '6  cubic  feet  of  carbonic  acid. 
Pettenkofer  states  the  amount  at  about  0'7.t  Women  give  off  less,  and 
children  and  old  people  also  give  off  a  smaller  amount. 

The  amount  of  carbonic  acid  in  pure  air  being  assumed  to  be  on  an  average 

*  British  Medical  Journal,  June  1870,  trom  Memoirs  of  the  Irish  Academy,  in  which  publi- 
i»tion  are  some  excellent  obeer7ations  by  the  Aame  writer. 

t  This  is  the  quantity  adopted  by  Roth  and  Lex  (Militiir-Oesandheitapflege). 
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tiirec  gaslightfl  burning,  Mr  Weaver*  found  the  carbonic  acid  to  be  5*128  paitf 
l>er  1000  ;  whik%  in  a  girls'  8chooln:»oin  (70  girls,  and  10,400  cubic  feet),  or 
150  cubic  feet  per  head,  Pettenkofer  fotind  no  lees  tban  7*230  parte  p«r  1000. 
In  many  schooL^  worknxjms,  and  factories,  tbe  Jiuiouiit  of  reepiraWty 
impurity  niuet  be  m  gre^it  m  ihis^  and  doubtless  a  cone  tan  t  unfavoumble 
ifi  prcniuced  on  heidth.  I>r  Hayne  (in  H,M.  ship  *' Doris")  found  tbe  CX)j 
to  range  fri.)m  1-03  Uj  3 '21  between  decks,  the  ktter  quantity  being  in  the 
^v^ard-room  with  the  j^tuttles  in.t  In  the  Arctic  Exj>edition  of  1875--6, 
Br  Moss  found  as  nuicli  as  4  82  in  the  ward-rtkom  of  tbe  **  Alert,"  "room 
feeling  very  close;"  and  iJr  Xinnis  found  5*57  in  tbe  lower  deck  of  the 
•*  Diftcovery. " 

In  &  borse  stable  at  the  Eeole  Militoii^  tbe  amount  was  7  per  1000.  At 
Hikea,  with  a  cubic  space  of  655  cubic  feet  per  borse,  tbe  amount  wii«  l"053j 
and  in  another  etablf%  with  1000  cubic  feet  i»er  horse,  oidy  '593  per  1000  (de 
Chftumont).  ilarckwr  found  8*5  in  a  stable  in  Gottingen,  and  no  lusa  than 
17*07  in  a  byre. 

By  tbe  akin  and  hings  pass  oS  from  25  to  40  ounces  of  water  in  24  boms, 
to  muintain  whicb,  in  a  state  of  Viip*jur,  211  cubic  feet  of  air  per  bour  are 
necessary  on  an  average,  Of  course,  bowever,  temperature  and  the 
bygrometric  condition  of  the  air  greatly  modify  this,  Uiganic  matter  is  alao 
given  off  from  the  akin  and  lungs,  the  amount  of  whicb  baa  never  been  pre- 
cisely di'terminetb  Kor  is  it  possible,  at  present,  to  estimate  it  correctly. 
Tbia  organic  matter  must  be  x^^ly  susj>ended,  and  is  maile  up  of  small 
particles  of  epithelium  and  fatty  matters  detaehcil  imm  the  skin  and  mou 
and  partly  of  an  organic  vajjour  given  ofl^  fr^^m  the  kings  and  month.  Th< 
organic  matter  from  tbe  lungs,  when  diuwn  tbr-ougb  sulphuric  acid,  darki 
it ;  througli  permanganate  of  |)otasb,  decolorisea  it ;  and  through  pure  water, 
renders  it  oflensive,  Uollecled  from  tbe  air  by  condensing  the  watery  vapour 
on  the  sides  of  a  globe  ci>ntaining  ice  (as  by  Taddei  in  tbe  wards  of  the  Santa 
ilaria  Novella),  it  is  found  to  be  pn^cipitated  by  nitrate  of  silver,  to  decolorise 
potassium  permanganate,  to  Jdacken  on  platinum,  and  to  yield  ammonia.  It 
is  therefore  nitroi^enijus  imd  oxidisable.  It  has  a  very  fietid  femell^  and  this 
is  retiiined  in  a  rooni  for  so  long  a  lime,  sometimes  for  four  houi«,  even  when 
there  is  free  ventilation,  as  to  show  that  it  is  oxidised  slowly.  It  is  probably 
in  combination  with  water»  for  the  most  bygroscoi>ic  substances  absorb  moet 
of  it  It  is  absorbcid  most  by  wool,  feathers,  danij>  walls,  and  moist  jiajier, 
and  least  by  straw  and  horse-bidr,  Tbe  colour  of  the  substance  inliuences  its 
absorption  in  tbe  following  oixter : — bkek  most,  then  blue,  yeUow,  and  white- 
It  is  probably  not  a  gas,  but  is  molecular,  and  floats  in  clou^ls  tlm>ngh  the 
air,  as  tbe  odum  is  evidently  not  always  equally  diffused  through  a  room.  In 
a  room,  the  air  of  whicb  is  at  first  j^erfectly  ]>nre,  liut  is  vitiated  by  nsspiration, 
tiie  smell  f>f  organic  matter  is  generally  j>ercuptible  when  the  VO^  reaches 
*7  per  1000  volumes,  and  is  very  strong  when  tlie  COo  amounts  to  1  per 
10004  From  exj)erimenls  made  at  Gravesend,  Netley,  Aldersbot,  and 
Hilsea,  by  various  medical  officer8,g  it  has  been  shown  that  the  amount  of 
potassium  penuangaruite  destroyed  by  air  drawn  tliiough  its  solution  ia 
genamlly  in  projxirtion  to  the  amount  of  carboidc  acid  of  respiration. 

It  is  indeed  asserted  by  Gaultier  de  Glaubry  ( **  Ann.  d'Hygiene,"  April  1861, 

*  Mr  Weaver  gives  MTora)  jKood  vudyiMs  in  different  public  and  |ifivate  rooms  in  LeioMtcr. 
Xanceij  Julv  and  Augrust  1872. 
i"  Med.  Chir.  Tratia,  vol  Ivif. 
i  On  tliis  Ptiint  sue  iabk*  at  p&ge  142. 

f  By  I>r»  (ic  Cliauiuoiit,  Utwlttt  ^Bombay  AnDy)^  St  Joka.  Stanley,  Ba]nic«  Hc«d,  Iniies, 
!  Tvuiiibgi  Martin,  and  vihtm. 
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5.  Carbon  bisulphide. 

6.  Ammonium  sulphide,  or  carbonate. 

7.  Sulphuretted  hydrogen  (sometimes). 

8.  Water. 

From  some  manufactories  there  pour  out  much  greater  qtumtitieB  of  SOj 

(copper  works),  arsenical  fumes,  sulphuretted  hydrogen,  carbonic  acid,  && 

For  complete  combustion,  1  S>  of  coal  demands  about  240  cabic  feet  of  m 

Wood  produces  carbonic  acid  and  oxide  and  water  in  large  quantity,  bm 

few  compounds  of  sulphur.     1  lb  of  dried  wood  demands  about  120  cubic  fet^ 

of  air  for  complete  combustion. 

Coal-gas,  when  fairly  purified,  is  composed  of — 
Hydrogen, 

Marsh  gas  (light  carburetted  hydrogen). 

Carbonic  oxide, 

defiant  gas  (ethylene). 

Acetylene,  .  . 

Sulphuretted  hydrogen, 

Nitrogen,  . 

Carbonic  acid,        . 

Sulphurous  acid,    . 

Ammonia  or  ammonium  sulphide. 

Carbon  bisulphide. 

In  some  analyses  the  carbonic  oxide  has  been  as  high  as  11  per  cent,  and 

the  light  carburetted  hydrogen  56 ;  ini  such  cases  the  amount  of  hydrogen  is 

smalL     As  much  as  60  grains  of  sulphur  have  been  found  in  100  cubic  feet 

of  gas.*     The  Parliamentary  maximum  is  20  grains  in  100  cilbic  teei     In 

badly  purified  gas  there  may  be  a  great  number  of  substances  in  small  amount, 

especially  hydrocarbons  and  alcohols,  such  as  propylene,  butylene,  amylene, 

benzole,  xylol,  some  of  the  nitrogenous  oily  bases,  such  as  pyrrol,  picoline, 

&c.t 

When  the  gas  is  partly  burnt,  the  hydrogen  and  light  and  heavy 
carburetted  hydrogens  are  almost  destroyed;  nitrogen  (67  per  cent),  water 
(16  percent),  carbonic  acid  (7  percent),  and  carbonic  oxide  (5  to  6  per  cent), 
with  sulphurous  acid  and  ammonia,  being  the  principal  resultants.  And 
these  products  escape  usually  into  the  air  of  rooms.  With  perfect  combustion 
there  will  be  little  carbonic  oxide. 

According  to  the  quality  of  the  gas,  1  cubic  foot  of  gas  will  unite  with 
from  -9  to  1  -64  cubic  feet  of  oxygen,  and  produces  on  an  average  2  cubic  feet 
of  carbonic  acid,  and  from  -2  to  -5  grains  of  sulphurous  acid.  ]i  other  words, 
1  cubic  foot  of  gas  wiU  destroy  the  entire  ogygen  of  about  8  cubic  feet  of  air. 
One  cubic  foot  of  gas  will  raise  the  temperature  of  31,290  cubic  feet  of  air  1* 
Fahr. 

Oil — A  lamp  with  a  moderately  good  wick,  bums  about  154  grains  of  oil 
per  hour,  consumes  the  oxygen  of  about  3*2  cubic  feet  of  air,  and  produces  a 
little  more  than  J  a  cubic  foot  of  carbonic  acid ;  1  ft  of  oil  demands  from  140 
to  160  cubic  feet  of  air  for  complete  combustion. 

A  candle  of  6  to  the  Jb  bums  per  hour  about  170  grains. 
The  products  of  the  combustion  of  coal  and  wood  pass  into  the  atmosphere 
at  large,  and  usually  are  at  once  largely  diluted.     Diffusion  and  the  evei^ 
moving  air  rapidly  purify  the  atmosphere  from  carbonic  acid. 

It  is  not  so,  however,  with  the  suspended  carbon  and  tarry  matters,  which 

*  Chemical  News,  March  18S5,  p.  154. 

t  For  a  fuller  list  of  these  substances,  which  do  not  appear  very  important,  see  Pappeiiheim's 
Handbnch  der  San.  PoL  hand  iii.  Snpp.  p.  261. 
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ibid  ease  apparent] j  no  otkar  gasei  weie  pnaenl ;  bttt  in  iiM»t  ingtaiiwt  te  I 
10  a  variable  amount  of  atilphtiretted  hydfogen*,  ammoiuuA  aiilphidei  iutlQ|^  I 
earbonie  acid,  and  carburetted  hjdiogen,  in  addition  to  f ootid  orgtmc  msitk  I 
These  oiganic  matlems  are  in  large  amounL  62  feet  of  the  air  of  a  ampd  I 
deetioyed,  in  Angus  Smith's  expettmenta,  m  much  potaaainm  pernutnguMtt  •  I 
176,000  cubic  feet  of  pure  air,  though  perhaps  soma  aulphtiietted  h?dii|a  I 
may  hare  been  alao  present  Oesterlenf  states  that  those  gasea  will  }■•  I 
easily  through  walls;  and  M.  Henaejsel  |  haa  lately  noticed  'that  in  4i  I 
*^  fossess  d'aisanoee  "  in  Paris,  even  in  those  eov^arad  wiHi  stone  slabs  ani  «n^  I 
the  wind  blowing  down  the  ventilating  tabe  wiU  fomca  tke  gas  tluoQ^  At  I 
neighbouring  walk,  and  then  perhaps  into  the  houacL  1 

The  Air  of  Seicent, — -In  seweia  the  products  of  daeompoettion  are  fansUi^  I 
as  not  only  solid  and  liquid  excreta  and  house  water,  but  the  vasiungs  fsi 
tUhrin  of  the  streets,  the  refuse  of  trades,  <&€.,  pasa  into  Uia  aewem.  ii  i 
rule,  the  prod  acta  of  decomposition  of  the  seweiwwater  appear  to  be  nmekib 
same  as  noted  above- — viz.,  fuetid  organic  mattei^  carbo-ammoniacal  suhtlsiai 
condensing  with  the  water  of  the  air  on  the  cold  walla,  carbonic  acid,  nitiog^ 
light  carburetted  hydrogen^  and  sulphurett^  hydrogen.g  The  proportiaBi  d 
these  gases  arc  variable ;  ||  the  most  comiiiun  are  carbonic  acid  and  ni1xe|p; 
marsh  gas  is  found  when  oxidation  i^  imj^od,  and  aulphunetted  hydn^ 
and  ammoniuiu  sulphidti,  which  form  in  the  sewer^watar  in  tnoat  casa,  ii» 
liberuted  from  ttme  to  time.  The  gases,  however,  are,  aa  a  rule»  d  hi)m 
importance  than  the  ftetid  organic  matters,  the  exact  natuta  of  which  it  w^ 
l>e  most  desirable  to  examine  more  thoixjughlj. 

The  orgiinic  vapour  is  oarbo-ammoniacal ;  the  putrid  snbatance  in  the  isW 
water  appear^  from  Odlings  observations^  to  be  allied  to  the  ooniposii 
ammoniaa ;  it  contains  more  carbon  than  methylamine  (NH2(CH5)  ),  aiul  hm 
tlian  t^hylamine  (NH^tC^H^)  ). 

The  comjiiouition  of  sewer  air  will,  of  course,  vaiy  infinitely  with  the  amant 
of  glisten  disengaged  and  the  degree  of  ventOation  in  the  seweT^      The  qtianutf 

•  Barker,  On  Malnrimimd  MiiwiD*tA,  p.  246.  li  Oejiterlfin,  Hygi«iie,  1^7,  p.  411 

X  Ann.  d  Hvgleiie,  Oct,  V8d8,  p.  17«.  i  0«iterl«ii,  Handb,  dt-r  Hyg.,  ^ediyan,  ^  Mk 

If  Dr  Leifatuy's  ^iperitiicata,  as  given  in  hia  olflciaL  Keport^  in  biv  article  in  Xh%  EMif' 
eloptr»(lift  Britiinntca  (Smiitiu'y  Science),  kc,  ami  ia  a  lett<?r  to  Dr  AcIadis  (gtven  by  Dr  Advm 
in  Li  in  jmtuphlet,  The  B&nitiiry  A«pek  of  the  Bewa^  QuetlioUp  I8tt6,  p.  94  >,  are  tike  ai«t 
cuiiipbte  oil  tlm  subject  Taking  tiie  lant  stAlement  of  his  Tiews  as  repreaeating  id$  opaat| 
I  gather  that  (»t;wer> water  (containing  12S'8  grains  of  oi^nic  matter  per  galloQ),  exeiadad  fi«a 
air,  gave  out  durinjc  ^  wueks  1  -"l  cubic  mehea  cf  gaa  pt?r  Lour,  conswtHiff  per  cent,  of  flM 
of  niarth  gaf,  !5*wy  ol"  carbonic  acid,  10  1^7  of  nitrogen,  aiid  0  081  of  suiphitrtettea  bylripa 
When  atmoaphartc  air  is  adiiiitt«il,  I  infer  that  Dr  Ltikahy  thinks  the  chief  ganea  are  eattxi^jr 
noid  and  nitroctm,  with  but  mere  traces  of  ftulphiiivttad  hydn^gen.  Tliat  mar»h  gas  is  mgf 
quaittitjea  can  ixj,  however,  fomted,  ia  sbuwn  by  Letheby  s  observations  on  the  fSB»m  evolwin 
iti  tke  Loudon  «<»wen^  m  1B&6  where  carbolic  acid  was  vjMid  ;  t]i«  gas  was  frequeoUy  luvd  W 
the  cAudW  of  the  sewer-iiirn^  and  was  found  U:>  conUin  BSIS  pt'r  c«nt.  of  niars-li  ^ks,  the  Ut^ 
iiijitinii  of  wldch  was  fjivoiired,  Letheby  think*,  liy  the  action  of  the  carbolic  acid  ;  and  tkii 
U  probable^  since  Angus  Smith  4  Oininfectauts  and  Disinfect  ion,  p»  25)  found  tli«  gaa  gi««a  off 
by  tiki!  putrid  sewage  at  the  Tiottotu  of  the  Stedlockj  |h«  water  over  which  wfUb  true  froiu  oijgHk, 
to  contain  almost  tlic  same  quantity  of  marshlgas— viz,.  8t>"81  per  ceat.  ;  the  otber  gjis»  hp» 
ing  carbonic  atrid,  6,84  ;  iiud  nitrogen,  fi'36  p«r  cent.  The  evolution  of  nursh  gns  wul  then' 
tui'c,  In  pnrt  at  any  rate,  ilepend  on  the  amount  of  expos ui%,  and  on  the  itbtiiorptit.<D  of  air  bj  tbt 
He wfr  water.  Letheby 's  exixTiments  shows  leas  snlphupetted  hydrogen  than  might  haw  Mifi 
at»tiei)mt^]^  1>oth  Trom  the  large  amount  oraulphidt^  usually  present  iu  ficwer-water,  ajkd  IIm 
aiuiiimt  of  siilphuruttejl  hyi Imogen  proved  to  exist  in  the  air  of  many  sew^it*.  With  r«^3^1  to 
the  t|uantity  of  gases  diAenffa]2erl,  I  gave,  in  a  former  edition  of  this  work,  the  amount  of  1  to  Ii 
cttbiL'  inch  of  gas  (lisengi^ed  froui  I>>iuIoii  usvva^e  p«r  gallou  per  hour  in  iJu  tewera,  mt  iJus 
is  my  intcrpretatiaii  of  Letheby'^  a'zixj^unt  of  hiii  cxi^nment^,  as  giren  in  the  EucycUipietiis 
llritiiHuitiB  (art.  Sanitary  Brieiicel;  but  Dr  Adams,  of  Glasgow,  has  pointed  out  tliat  Pr 
LiitliL-by  H  experiments  represent  the  gases  disengaged  in  the  lalioratory— i.«.»  at  a  hisliar  U&> 
purnture.  The  amount  of  giiks  evolution  in  the  svwoi-s  themselves  Itss  not  beva,  T  t«ali«>t«^ 
pctuully  di^tiirmined,  and  will  no  doubt  vary  according  to  the  ipiautity  of  water,  the  troipMft* 
turw,  mpidity  of  How  in  the  sewer,  kc. 
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Hence  he  aigaes  (with  appaient  troth)  that  sewage  beoomes  dangertms  in  tbb 
way  only  after  the  setting  in  of  decomposition,  00  that  if  we  take  proper  stefi 
to  carry  away  sewage  at  once  the  danger  hecomes  reduced  to  a  TniTiimnni 

Br  D.  D.  Cunningham  found  large  quantities  of  Bacteria  in  the  air  of  *k 
Calcutta  sewers. 

Air  of  Churekyardi  and  VauUs, 

The  decomposition  of  bodies  gives  rise  to  a  very  large  amount  of  ctiboax 
acid.  It  has  been  calculated  that  when  intramural  burial  was  carried  on  k 
London,  2^  millions  of  cubic  feet  of  COj  were  disengaged  annually  from  the 
52,000  bodies  then  buried.  Ammonia  and  an  offensive  putrid  vapour  are  ak 
given  off.  The  air  of  most  cemeteries  is  richer  in  carbonic  acid  (-7  to  "d  per 
1000,  Eamon  da  Lima),  and  the  oiganic  matter  is  perceptibly  laige  ▼£(!& 
tested  by  potassium  permanganate.  In  vaults,  the  air  contains  much  carbonk 
acid,  carbonate  or  sulphide  of  ammonium,  nitrogen,  hydroeulphuric  acid,  and 
oiganic  matter.  Waller  Lewis  found  little  SH^  or  CH  ;  or  cyanogen,  or  pboe- 
phoretted  hydrogen.     In  his  experiments  the  gas  always  extinguished  flanA 

Fungi  and  germs  of  infusoria  abound. 

Air  vitiated  by  certain  Trades. 

Hydrochloric  acid  gas,  from  alkali  works. 

Sulphurous  and  sulphuric  acids,  from  copper  works — bleaching. 

Sulphuretted  hydrogen,  from  several  chemical  works,  especially  of  ammook 

Carbonic  acid,  carbonic  oxide,  and  sulphuretted  hydrogen,  from  brick-fieldi 
and  coment-works. 

Carbonic  oxide  (in  addition  to  above  cases),  from  iron  furnaces,  gives  lise 
te  from  22  te  25  per  cent  (Letheby) ;  from  copper  furnaces,  15  to  19  per 
cent  (Lotheby). 

Organic  vapours,  from  glue  refiners,  bone-burners,  slaughter^ioiues, 
hackeries. 

Zinc  fumes  (oxide  of  zinc),  from  brassfounders. 

Arsonical  fumes,  from  copper-smelting. 

Bisulphide  of  carbon,  from  some  india-rubber  works. 

Air  of  ToiffJis. 

The  air  of  towns  may  be  vitiated  by  respiration,  combustion,  effluvia  from 
the  soil,  sewers,  and  trades.  The  movement  of  the  air  tends,  however,  to  con- 
tinually dilute  and  remove  these  impurities,  and  the  heavier  particles  deposit, 
so  that  the  air  even  of  manufacturing  towns  is  purer  than  might  have  been 
anticipated.  The  amount  of  oxygen  in  atmospheric  air  in  the  purest  air  near 
the  surface  of  the  earth,  being  tfJcen  as  from  20*9  to  20*99  volumes  per  cent, 
and  the  carbonic  acid  being  from  "03  to  "045  per  cent,  with  a  mean  of  "04,  it 
would  appear,  from  Angus  Smith's  observations,*  that  in  a  crowded  part  of 
Manchester,  exposed  to  smoke,  the  amount  of  ojygen  was  from  20*868  to 
20*179  per  cent ;  the  average  of  the  street  air  taken  from  the  laboratory  front 
door  was,  in  Manchester,  20*943 ;  of  the  air  taken  from  a  closet,  a  midden 
behind  the  laboratory,  20*70.  In  the  London  air,  in  the  open  spaces,  the 
oxygen  amounted  to  20*95 ;  in  the  crowded  eastern  districts  to  20*857.t  In 
a  foggy  frost,  in  Manchester,  when  the  smoke  was  not  moving  much,  the 
amount  was  20*91.  In  Glasgow  the  average  was  20*9092.  The  variatioDB 
are,  therefore,  within  narrow  limits. 

•  Air  and  Rain,  p.  24.  .  i  Jl  Smith,  op,  eiL,  i>.  80. 
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The  peroentnge  lessening  of  oxygen  in  atmo»pberic  air  is  partly  made  up  by 
an  increase  in  tbe  carbonic  acid  ;  but  if  a  town  is  w*?!!  built^  the  inciease  in 
the  carbonic  acid  is  trilling ;  tbe  mean  amount  of  COj  for  London,  in  Eoscoe*s 
ex|)eriment8,  "was  only  -037  volumes  j>er  cent ;  in  Manebester,  in  usual 
weatber,  A.  Smith  found  the  amount  'Q403  percent;  during  fogs,  '0679; 
in  tbe  air  above  tbe  middena,  -0774  per  cent.  It  ia  stated  that  there  is  a 
dilference  between  close  and  open  ftpace^  in  towns ;  thus,  in  the  open  gpacee 
(porks)  in  London,  tbe  mean  amount  in  A.  Smithes  experiments  was  *0301 
per  cent ;  in  Newgate  Street  (in  the  City),  it  was  0413  ;  in  Lower  Thamoa 
Sireet  (City),  -04 28  per  c^ent  It  is  not,  however,  8tatc3d  whether  the  oliserva- 
tinns  wej«  made  simultaneously,*  In  Ghisgow,  tbe  average  carbonic  acid  was 
•0502,  and  in  Perth  04136  per  cent  t  In  foreign  cities  the  amount  is  greater, 
and  sarpaiooa  the  normal  limit  in  air.  In  Ma<Jrid,  R-imon  da  Ltma  found 
-0517  aa  a  mean  average,  and  in  some  cases  *08  per  cent ;  in  Munich,  the 
•mount  is  -05  per  cent  These  numbers  seem,  after  a]J,  tnsiguific^ant,  but  they 
«re  not  really  so,  as  the  aggregate  difference,  if  only  -01  per  cent,  is  considejs 
able.  In  the  air  of  towns  which  bum  coal  there  are  also,  as  noto<i,  an  excess 
of  acidity  (sulphuric  and  hydrochloric  acids),  and  various  suspende<l  matters 
(see  ante)^  which  no  doubt  have  injurious  effects.  J 

The  air  of  most  towns,  in  addition  to  ammonia,  also  contains  a  nitrogenous 
substance  which,  when  condensed  in  pure  water,  can  be  miidt  to  yield 
albuminoid  ammonia,  by  WanMyn*3  method.  In  variouij  places  in  Loudon, 
A,  Smith  §  found  the  amount  tn  average  *1509  milligrammes  of  albuminoid 
ammonia  in  1  cubic  metre.  The  greatest  amount  wa^  in  a  field  two  miJe^  past 
Clapham  Junction  (viz,  -27108  milligrammes  per  cubic  metre),  and  the  legist 
was  in  Westminster  Abbey  Yard  (-08555  milligrammes).  At  the  shoi^  at 
luneUan  (Firth  of  Qyde),  the  amount  was  -1378  milHgrammes,  and  the  mean 
in  the  streets  of  Glasgow  was  '3049  nLilligrammes  per  cubic  metre.  In  the 
air  of  the  Underground  RaOway,  in  London,  the  amount  was  -3734 
milligrammes.  1 1  Tbe  mean  of  Mr  Mosses  ex|^riments  in  the  open  im  of  Ports- 
mouth was  rather  less,  viz,,  0886  milligrammes  of  albuminoid  ammonia  per 
cubic  metre.  This  ammonia  may  be  derived  from  the  living  beings  in  the  air^ 
or  from  dead  organic  matter;  and  tt*  bring  out  the  full  meaning  *if  such  ro- 
•earchee,  the  chemical  must  be  supplemented  })y  a  microscopical  examinalion. 

These  observations  prove  how  important  it  is  to  build  to^^^ns  in  such  a  way 
as  to  enfioie  good  perflation  and  movement  of  air  every wli ere,  and  to  provide 
open  SipaoQB  in  aU  the  densely-crowded  parts.  Tlie  great  powers  of  nature, 
winds,  aod  the  fall  of  rain,  'will  then,  for  the  most  part,  keep  the  atmospheric 
impnntifii  within  limits  not  injurious  to  health. 

Air  of  MarBhen* 

The  air  of  typical  marshes  contains  usually  an  excess  of  carbonic  acid, 
which  amounts,  |>erhai»,  to  *6  or  '8  or  more  pc^r  1000  volumes.  Watery 
vmpoor  is  usually  in  loEge  quantity.     Sulphuretted  hydrogen  is  present,  if  the 


*  la  the  aeighboarbood  of  St  Hary>  Hospital,  Paddlogtoit,  T  found  the  mean  CO,  to  bo 
0.056  per  cent,  in  diimp  still  wentber,  Jaljr  1875  ;  the  ums  locality  in  diy,  hot  weather,  with 
a  good  deal  of  inaTement  of  air,  0^1  tt  per  cent.  (Aug  1876) ;  in  the  noighbourhood  of  University 
Oallow  HoapiUl,  damp  weather,  0<^7^  per  cent,  in  February  1877.    {?.  dc\  C,^ 

f  A.  SmiUL,  Air  and  Rain«  p.  50,  H  sea, 

X  ^ere  are  alto  Bitroos  ana  nitric  acidA,  dne  probably,  to  tbe  oxidatfon  of  organic  mattera. 

I  Air  Mid  Rain,  p.  4S7.  t  have  stated  the  reaulta  in  miUigrammes  per  cubic  metre,  ioAtead 
of  i^raRunea  per  miltion  cubic  metn?di 

I  In  the  ganlen  of  iit  Mary's  Hospital.  Poddington,  I  found  0'5280  and  0*520^  mffmB.  wr 
M.  a  tSee  page  105).  In  the  back  yard  of  Univenlty^Cotle^  Hospital  0*20^0  and  0'36/5. 
tr.daC.) 
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water  of  the  maish  containB  snlphateB,  which  in  proeenoe  of  otganic  mitta, 
are  converted  into  BulphuietSi  horn  which  SH,  is  derived  by  the  action  d 
vegetable  acids.  Garbuietted  hydrogen  is  also  often  present^  and  occaBioDiHj 
free  hydrogen  and  ammonia^  and,  it  is  said,  phosphoietted  hydrogen.* 

Organic  matter  also  exists  in  considerable  quantity.  Disooveied  Irr 
Yauquelin  (1810  and  1811,  in  the  air  collected  over  the  Langaedoo  mardbfli) 
by  Be  Lisle,  and  again  by  Moscati  (1818,  in  the  air  of  a  Lombaidy  rioe-fieM). 
and  examined  more  recently  by  Bonssingault  (1829, 1839),  Gigot  (1859),  ud 
Becchi  (1861),  the  organic  matter  seems  to  have  much  the  same  chancts 
always.  It  blackens  sulphuric  acid  when  the  air  is  drawn  through  it;  gives 
a  reddish  colour  to  nitrate  of  silver ;  has  a  flocculent  appearance^  and  soid^ 
times  a  peculiar  marshy  smell,  and,  heated  with  sodsrlime,  afibrds  evidence  of 
ammonia.  The  amount  in  Becchi's  experiments  was  00027  grammes  in  a 
cubic  metre  of  air  (» *000118  grains  in  1  cubic  foot).  Oione,  led  throng  a 
solution  of  this  oiganic  matter,  did  not  destroy  it  It  is  said  to  de^j 
quinina  Besides  this  organic  matter,  various  vegetable  matters  and  animi^ 
floating  in  the  air,  are  arrested  when  the  air  of  marshes  is  drawn  thiongh  wtkt, 
or  sulphuric  acid,  and  dSbrts  of  plants,  infusoria,  insects^  and  even,  it  is  aid, 
small  Crustacea  are  found ;  the  ascensional  force  given  by  the  evapoiatioD  d 
water,  seems,  indeed,  to  be  sufficient  to  lift  comparatively  large  AnimAl«  into 
the  air.  Dr  M.  P.  Balestraf  has  described  spores  and  sporangia  of  a  littk 
algoid  plant  in  the  air  of  Bome  and  its  vicinity,  and  the  same  plant  is  fouBii 
abundantly  in  the  water  of  the  marshes  near  Roma  Balestra  is  indiiMd  to 
attribute  marsh  fever  to  this  widely  diffused  "  microphyte  granola"  It  bii 
been  stated  that  ozone  is  deficient  in  the  air  over  marshes,  bat  the  obaervakiou 
of  Burdel  ("  Eecherches  sur  les  fi^vres  palud^ennes,"  1858)  do  not  confirm  tlik 
He  often  f oimd  as  much  ozone  as  in  other  air.  In  the  air  coUected  from  the 
surface  of  lakes,  containing  some  aquatic  plants,  especially  the  Chaia,  there  is 
a  large  proportion  of  oxygen,  and  this  air  gives,  near  the  surface,  the  reactioa 
of  ozone  (Clemens),  while  at  some  feet  above  the  reaction  is  lost.  This  is 
usually  ascribed  to  the  oxidation  of  organic  matter,  which  rises  simultaneooslj 
from  the  water. 

Air  in  (he  Holds  of  Ships. 

The  air  in  the  holds  of  ships  is  compounded  of  exhalations  from  the  wood, 
bilge-water,  and  cargo.  Owing  to  the  comparative  immobility  of  the  air,  it 
often  becomes  extremely  fouL  The  composition  is  not  known,  but  the  smeU 
of  sulpliuretted  hydrogen  is  very  perceptible,  and  white  paint  is  blackened. 
In  some  cases,  when  the  water-tanks  are  filled  by  condensed  water  from  the 
engines,  which  is  not  well  cooled,  the  hold  may  become  extremely  hot  (100' 
to  120°  Fahr.),  and  decomposition  be  much  increased. 

Air  of  Mines, 

In  the  metalliferous  mines  the  air,  acccording  to  Angus  Smith,  f  is  poor  in 
oxygon  (20*5  per  cent  sometimes),  and  very  rich  in  carbonic  acid  (7*85  per 
1000  volumes  on  a  moan  of  many  experiments).  It  also  contains  oigamc 
matter,  giving,  when  burnt,  the  smell  of  burnt  feathers,  in  uncertain  amount 
These  impurities  arise  from  respiration,  combustion  from  lights,  and  ham 

*  Toropoff  (of  St  PeterabuiiK),  eondiderB  tnAlaria  poison  gaaeoofli ;  after  remoriag  water, 
oxygen,  and  carbonic  acid,  be  found  marsh  air  still  yielded  S4  to  80  per  cent  of 
wh'i&t  hill  air  gave  only  81. 

t  Comptes  Rendns,  1870,  No.  8,  July,  p.  S35. 

X  Report  on  Mines,  Blue  Book,  1864. 
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Average  Animal  Deaths  per  1000  from  Pulmonary  Dmasie  during  the 
Tsars  1860-^2  inclusive. 
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The  enormous  incivase  of  lung  diseases  among  the  miners  after  the  age  of 
36,  is  seen  at  a  glance. 

In  the  pottt'ry  tmile  aE  classes  of  workmen  are  exposed  to  dust,  espcpcially, 
howeveTi  the  liat-pi-essers.     So  common  is  emphysema  tiiat  it  is  called  ** 
potters*  asthnitu" 

iSo  also  among  tlie  china  scourera ;  the  light  flint  dust  disengaged  in 
quantities  ia  a  "terrible  irritant"     Dr  Greenliow  states  that  a//  sooner  or 
later  become  *'asthmatieid." 

The  grindei-s  of  steel,  especially  of  the  finer  took^  are  perhaps  the  meet 
fatally  attacked  of  all,  though  of  late  years  the  evil  has  been  somewhat 
lessened  by  the  introduction  of  wet-grinding  in  some  cases,  by  the  tige  of 
ventilate^i  wheel-boxes,  and  by  covering  the  work  with  linen  covers  when 
pnieticabla  The  weiiring  of  masks  and  coverings  for  the  mouth  apjioais  U:» 
be  inconvenient,  otherwiso  there  is  no  doubt  that  a  great  amount  of  the  dust 
might  be  stopped  by  very  simple  contrivances.* 

ilutton-makei"8,  es pec i silly  the  makers  of  pe^rl  buttons,  also  sufler  ham 
chronic  bronchitis,  which  is  often  attendee!  with  hsemoptysis.  So  also  pin- 
pointers^  some  electro-plate  woi-kmen,  and  many  other  tiudes  of  the  like  kind, 
are  more  or  less  similarly  affected* 

In  some  of  the  textile  manufactures  much  harm  is  done  in.  the  same  way. 
In  the  carding  rooms  of  cotton,  and  wool,  and  silk  spinners,  there  is  a  great 
amount  of  dust  and  flue,  and  the  daily  grinding  of  the  engines  disengages  also 
fine  particlas  of  steel  Since  the  cott47n  famine,  a  size  composed  in  part  of 
china  clay  (35-35  grains  of  clay,  in  100  of  sking  on  an  average),  lias  been 
much  used  in  cotton  mills,  and  the  dust  arising  seems  certainly  to  Ije  produc- 
ing injurious  effects  on  the  lungs  of  the  weaver,  f 

In  flax  factories  a  very  ii-ritating  dust  is  produced  in  the  process  of  hack- 
ling, carduig,  line-preparing,  and  tow-spinning.  Of  107  opemtives,  whode 
cases  were  taken  indiscriminately  by  Dr  Greenhow,  no  less  than  79  wero 
Buffering  from  hrcaichial  irritation,  and  bi  19  of  these  there  had  been 
hjBmoptyais.  Among  27  hacklers,  23  were  diseased,!  I^  shoddy  factoriee^ 
also,  the  same  thing  oc<:urs.  These  evils  appear  to  be  entirely  and  easily 
preventable.  In  some  kijids  of  glass-making,  also,  the  workmen  auirer  from 
floating  particles  of  sand  and  felspar,  and  sometimes  potash  or  soda-salts. 

The  makers  of  gruiding-^tonea  suffer  in  the  same  way ;  and  children  work- 
ing in  the  making  of  sfiiid- paper  are  seriously  affectetl,  sometimes  in  a  verv 
short  time,  by  the  inhalation  ai  tine  particle-a  of  sand  into  the  lungs. 


^  Soft  for  farther  particalars  and  muck  int^roBting  uifortnatioD  Dr  HaU's  paper  read  at  tbi 
I  Social  Science  Congrwia  in  1865. 

f  O,  Bachannii's  Bef>ort  od  ccrUiin  SmDg  Prooeaaea  vaed  in  iho  Cottca  aiaaufactun  rt 
'TodmordeiL     Orrlered  to  he  printed  by  tho  UoutiGi  of  ComiDons.    May  1872, 

%  Mr  3imon*u  Fourtli  Report,  p.  19, 
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anorexia,  thirst,  diarrhoea,  and  sometiines  even,  severe  nerrooB  sympuiu 
Arsenic  has  been  detected  in  the  nrine  of  such  peraona. 

A.  Manouvriez*  gives  an  account  of  thediseasee  amozig  workmen  in  Fnav 
employed  in  making  patent  fuel,  a  mixture  of  ooal-dust  and  pitch.  He  oji 
that  they  suffer  from  melanodermy,  cutaneous  eruptioiis,  and  epithelial  cautB. 
affections  of  the  eyes,  ears,  and  nose;  bronchitis  with  piilmonazj  psesk- 
melanosis ;  and  gastro-entero-hepatic  disorders.  Hirt  also  mentions  some  flf 
the  diseases  produced  among  workmen  by  the  various  tar-pioductB. 

2.  Living  Substances,  as  Infusoria,  Fungi,  AigaSy  or  their  germsy  or  PoSit 
or  Effluvia  of  Flowers, — That  summer  catarrh  or  hay-fever  is  produced  mmej 
persons  by  the  pollen  from  grasses  (especially  Anthoxanihutn  odoraium),  um 
or  flowers,  is  now  generally  admitted.  The  researches  of  Dr  Blackley,t  d 
Manchester  (himself  a  sufferer),  have  placed  the  matter  beyond  a  douR  h 
his  case,  at  least,  it  was  pollen  that  produced  the  disease,  and  not  the  ef&m 
merely.  Coumarin  had  no  effect  Grass-pollen  (which  constitutes  95  pff 
cent  of  the  pollen  floating  in  the  atmosphere)  and  the  poUen  from  pine^nff 
were  the  most  powerful  in  effect  Curiously  enough  the  pollen  of  poisoDOti 
plants,  siich  as  the  Solaneacese,  was  often  comparatively  innocuou&  It  is  ako 
known  that  the  spores  of  certain  fungi  in  falling  on  a  proper  soil  may  cuse 
disease  of  the  skin  in  men,  and  that  tinea  and  favus  are  thus  sometimes  sfflcid 
seems  certain.  The  attempt,  however,  to  connect  the  spread  of  the  spedfie 
diseases  with  fungi  or  algte  has  not  yet  been  successful,  in  spite  of  the  cai«fal 
researches  of  several  authors,  j;  Dr  Salisbury  of  Ohio  has  attemped  to  tatt 
ague  to  a  Palmella ;  others  have  ascribed  it  to  the  Oscillannese  generally ;  lod 
Dr  BaU«tra  believes  tliat  a  sj>ecial  alga  is  the  efficient  cause. 

Dr  Salisbury  has  also  affirmed  that  the  prevalence  of  measles  in  the  Fedenl 
army  arose  from  fun^i  from  mouldy  straw.  He  inoculated  himself,  his  wife, 
and  forty  other  persons  with  the  fungi,  and  produced  a  disease  like  measie 
in  from  24  to  96  hours.  It  is  stated  also  that  this  disease  was  protective 
against  meiisles.  Dr  Woodward  (United  States  Army)  has  repeated  I*r 
Salisbury's  experiments,  and  does  not  confirm  tliem.§ 

Professor  HaUier  of  Jena  has  to  some  extent  adopted  the  view  that  ftmp 
give  rise  to  some  of  the  specific  diseases,  and  that  the  spores  float  in  the  air, 
and  are  thus  commimicated,  but  the  proofs  are  not  satisfactory.  || 

Dr  D.  D.  Cunningham  says  that  he  was  unable  to  connect  any  disease,  in 
Calcutta,  with  the  occurrence  of  bacteria  or  other  bodies  in  the  air,  either  as 
regards  vaiiiition  in  kind  or  in  quantity. 

Blackley  found  that  Chaefonium  elatnm  (bristle  mould)  produced  naui^v 
fainting,  and  giddiness,  and  the  spores  of  penicillium  (inhalc<l)  brought  on 
hoarseness,  going  on  to  complete  aphonia ;  the  condition  lasted  two  da^^s,  and 
ended  in  a  sharpish  attack  of  catarrh. 

3.  The  ContiKjla. — Under  this  head  it  will  be  convenient  to  include  the 
unknown  causes  of  the  specific  diseases.  That  these  in  some  coses  (scarkr 
fever,  small-pox,  measles,  typhus,  enteric  fever,  plague,  pertussis,  yellow  fever, 
influenza,  &c.,)  reach  the  person  through  the  medium  of  air  (as  well  as  iu 
some  cases  through  water  or  food)  cannot  be  doubted.     Some  of  these  contagii 

♦  Annales  d' Hygiene,  March,  1876. 

+  Op.cU. 

X  I  refer  especially  to  Adam  Neale,  Cowdell,  Mitchell,  Holland,  and  others. 

§  Cami)  DiseaseR  in  the  U.S.  Army,  p.  278.  The  fungus  is  a  Penicillium.  Dr  Wood  (?t^ 
feasor  or  Botany  in  the  University  of  Philadelphia)  has  ad vance<l  (Amer.  Jour,  of  Med.  Sci. 
1868)  some  extremely  strong  botanical  arguments  against  the  view  that  malarial  di^seases  can 
be  owing  to  Palmella. 

II  Many  papers  nn  this  subject  by  HaUier  and  others  are  contained  in  HalUer'a  Zeitichnit 
flir  Parasitenkunde. 
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another  mode  of  transference  is  by  the  passage  into  the  atmosphere  of  di^ 
tegrating  pus  cells  and  putiifying  oiganic  particles,  and  hence  the  gicii 
effect  of  free  ventilation  in  military  ophthalmia  (Stromeyer),  and  in  errsipdat* 
and  hospital  gangrene.  In  both  these  diseases,  great  BTaporation  from  tite 
walls  or  floor  seems  in  some  way  to  aid  the  diffiision,  either  by  giving  a  gnit 
degree  of  humidity,  or  in  some  other  way.  The  practice  of  frequency  wa^ 
ing  the  floors  of  hospitals  is  well  known  to  increase  the  chance  of  erympehi. 
It  is  a  question  even  whether  we  shall  not  be  obliged  to  extend  this  lissw^ 
and  to  believe  that  every  pus  or  epithelium  cell,  or  even  f onnleas  organic  sblV 
stance,  floating  in  the  air,  may,  if  it  find  a  proper  place  or  nidus  in  or  <a 
which  it  can  be  received,  communicate  to  its  own  action,  and  thus  act  as  a  tne 
contagiuuL 

Sub-Section  IL — Gaseous  Mattebs. 

(a)  Carbonic  Acid, — The  normal  quantity  of  carbonic  acid  being  *4  volmna 
per  1000,  it  produces  fatal  results  when  the  amount  reaches  from  50  to  100 
per  1000  volumes ;  and  at  an  amount  much  below  this,  15  to  20  per  1000,  t 
produces,  in  some  persons  at  any  rate,  severe  headache.  Other  persons  can 
inhale,  for  a  brief  period,  considerable  quantities  of  carbonic  acid  withoat 
ii^'ury  ;t  and  animals  can  be  kept  for  a  long  time  in  an  atmosphere  higUj 
charged  with  it,  provided  the  amount  of  oxygen  be  also  increased.  In  the 
air  of  respiration,  headache  and  vertigo  are  produced  when  the  amoimt  of  ea^ 
bonic  acid  is  not  more  than  1  *5  to  3  volumes  per  1000 ;  but  then  cngask 
matters,  and  possibly  other  gases,  are  present  in  the  air,  and  the  amount  d 
oxygen  is  also  lessened.  Well-sinkers,  when  not  actually  disabled  from  con- 
tinuing their  work  by  carbonic  acid,  are  often  affected  by  headache,  aieknesi) 
and  loss  of  appetite;  but  the  amount  of  carbonic  acid  has  never  been 
determined. 

The  effect  of  constantly  breathing  an  atmosphere  containing  an  excess  of 
carbonic  acid  (up  to  1  or  1*5  per  1000  volumes)  is  not  yet  perfectly  known. 
Dr  Angus  Smith  J  has  attempted  to  determine  the  effect  of  carbonic  acid  perte^ 
the  influence  of  the  organic  matter  of  respiration  being  eliminated.  He  found 
that  30  volumes  per  1000  caused  great  feebleness  of  the  circulation,  with  usiwl 
slowness  of  the  heart's  action ;  the  respirations  were,  on  the  contrary,  quickened, 
but  were  sometimes  gasping.  These  effects  lessened  when  the  amount  of  car- 
bonic acid  was  smaller,  but  were  perceptible  when  the  amount  was  as  low  as 
1  volume  per  1000 — an  amount  often  exceeded  in  dwelling-houses.  At  the 
same  time^  this  is  not  the  case  always,  for  in  the  air  of  a  soda-water  manu- 
factory, where  the  carbonic  acid  was  2  per  1000,  Smith  found  no  discomfoit 
to  be  produced.  The  effects  noticed  by  Smith  have  not  been  observed  in  ex- 
periments on  animals  (by  Demarquay,  W.  Miiller,  and  Eulenberg),§  nor  in 
other  cases  in  men,  as  in  the  bath  at  Oeynhausen,  where  no  effect  is  produced 
by  the  air  of  the  room  in  which  the  bathers  remain  for  30  to  60  minutes,  although 
it  contains  a  large  percentage  of  carbonic  acid.  It  has  been  supposed  that  lung 
diseases,  especially  phthisis,  are  produced  by  carbonic  acid ;  but  as  this  opinion 
has  been  drawn  merely  from  the  effects  of  the  air  of  respiration,  which  is 
otherwise  vitiated,  it  cannot  be  considered  to  stand  on  any  sure  basia  Hiit 
finds  no  symptoms  of  clironic  poisoning  by  COj,  even  in  trades  where  acute 
poisoning  occasionally  occurs.  || 

♦  See  my  Reports  on  St  Mary's  Hospital,  loc.  eit.    (F.  de  C.) 

f  It  is  stated  that  Sir  R.  Chnstison  has  employed  air  containing  20  per  cent,  of  carbonic  add 
as  an  anssthetic.    (Taylor's  Jurisprudence,  io65,  p.  713.) 
X  Air  and  Rain,  p.  209,  et.  seq.  §  Quoted  by  Roth  and  Lex.,  op.dLp,  17d. 

D  Die  Knuikheiten  der  Arbeiter,  Erste  Abtheilung,  2*«  TheU,  1873. 
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H  The  pwoopee  of  a  large  amonni  of  carboBic  acid  in  the  air  may  lessen  the 
H  tilimilMrtiott  of  carbonic  acid  frc*m  the  lungs,  and  thu8  retain  the  gas  in  the 
V  lllood,  attl  in  time  possibly  produce  serioufl  altera Liotii?  in  nutrition. 

(^)  Cartome  Oxide. — ^(Jf  the  immens©  effect  of  rarbonic  oxide,  there  is  no 
tlotibt     Leas  than  one^hidf  per  cent  has  produced  poisonous  symptoms,  and 
more  than  one  per  cent  m  rapidly  fatal  to  animak.     It  appe-ars  from  Bernard's, 
^  juid  from  Lothar  Meyer  a  obsen^ations,*  that  the  carbonic  oxi<le,  %T»liimt'  for 
Birolume,  completely  replaces  the  oxygen  in  the  blood,  ami  cannot  he  iv>ain  dis- 
HjtiftDiiii  by  oxygea,  ao  that  the  person  dies  asphyxiated ;  but  Pokrowicky  has 
HBkmmf  that  the  carbonic  oxide  may  gradually  tw  converted  into  c4n'}>ordc  acid, 
"  mad  be  in  that  way  got  rid  of.     It  seems,  in  fact,  as  Hoppe-iSeyler  conjectured,^ 
to  oompleliJj  pamlyae,  m  to  speak,  the  red  particlesy  bo  that  they  cannot  any! 
'  :>nger  b©  the  earners  of  oxygen.     The  observations  of  I)r  Kleber|  ah<  »w  that|  f 
]<iition  to  loss  of  consciousness  and  destniction  of  reflex  action,  the  car- 
!  oxide  eauaw  complete  atony  of  the  ve^ek,  diminution  of  the  vascular 
arc,  and  slowness  of  circuJatton,  and  linaDy,  pamlysis  of  the  heart     A 
rapid  parenchymatous  degeneration  takes  place  in  the  ht^art  and  muscles  i 
f^erally,  and  in  the  liver,  spleen,  and  kidneys.     IIirt§  gays  that  at  high 
leoiifi'ruturfss  (25'  -  32*  cent  =  77°  -  90°  Fahr.)  carbonic  oxide  produces  con- 
▼ulsions.  but  not  at  low  tempemturee  (8°  -  12*  cent  =  46"  ~  53*  Fahr,). 
(c)   Sulfthureit^/i  Hyh-ogm. — The  evidence  with  regani   to  su!p!iuretted 

IliTtljpgvm  is  contratiictory.  "WTiile  doga  and  horses  are  affected  by  compar- 
atiTelT  small  quantities  (1^25  and  4  volumes  per  1000  volumes  of  air),  and 
eniT      "  'n<T  and  rapid  proatrat ion,  men  can  breathe  a  lai^er  quantity. 

l*u:  I  inlialed  an  atmoaphere  containing  29  volumes  per  lOOO  for 

MB^  t^liotX  time^ll 
^    llliru  inhaled  in  smaller  quantities,  and  more  continuously,  it  has  apjieared 
in  flotne  cases  harmlesa,  in  others  hurtful.     Thackrah,  in  his  inquiiie,s,  could 
trmoe  oo  had  effect     It  is  said  that  in  the  Bonningt-on  chemicid-wurk^,  where 
the  ammoniaeal  liquor  from  the  Edinburgh  gas-works  is  converted  into  sulphate 
^jBJUoride  of  ammoniunt,  the  workmen  are  exposed  to  the  fumes  of  hydro- 
I  of  ammonia,  and  of  hydrostilphuric  acitl,  to  such  an  extent  that  coina  i 
kisned ;  yet  no  special  malady  m  known  to  n^sult     The  sjime  ohserra- 
\  been  made  at  the  Britannia  metal -works,  where  a  superficial  depoait 
of  tfolplinret  is  decomposed  with  acids. 

Hirtf  hms  no  doubt  of  the  occurrence  of  chronic  poison  among  men  who  work 

among  Luge  quantities  of  the  gas.     The  symptoms  ai-e  chiefly   weakness, 

deptwaion,  perfect  anorexia,  slow  pulse,   furred  tongue,  mucous  membrane  of 

the  mouth  pale>  as  is  also  the  face.     Sometimes  there  is  funmciiloiil  erup- 

^ioti  tn  diffit^ront  parta  of  the  body.     In  s^mie  cases  there  are  vertigo,  beadaclie, 

,  diarrhcea,  emaciation,  anil  heatl  symptoms,  **  like  a  case  of  very  slow- 

typhua."     He  notices  iiitlerencea  of  susceptibility,  which  is  also 

I  increased  with  custom. 

Sa  iMxgis  a  quantity  of  8 H^  is  given  out  from  some  of  the  salt  marshes  at 

j  Biogapore,  that  slips  of  paper  moistened  in  aceUite  of  lead  are  blackened  in 

the  open  air,  yet,  not  only  is  no  bad  effeet  found  to  ensue,  bat  Dr  Little  haa 


*  tl<i  Btagnhie  Oxydo  Ctfbonicso  Infecto,  1858.     Reviewed  in  Vircbow'i  ArcliJir,  band  xv, 
I  p.  soil    Bee  alio  I^elhcby,  Cbciimlcal  N«wb,  April  18^2* 
t  Vlidiow'f  Archiv,  hand  t%x.  p,  625  (1864). 
t  Ibiil  bMd  zxxii.  p.  460  (1865K 

I  da  dm,  Herbert  Barker  fnnnd  a  Urger  quantity  aecoRaaiy  thim  that  jvtated  abore  :  vi%, 
44  per  iSoO  »  mpidly  fital ;  206  per  luuO  may  be  lutal ;  bat  -5  per  1000  may  produce  eemua 
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even  conjecttued  (on  very  disputable  groundfli  however,)  that  the  SH,  my 
neutralise  the  marsh  miaama. 

On  the  other  hand,  some  of  the  worst  marshes  in  Italy  are  these  in  iftiA 
SH2  exists  in  large  quantity  in  the  air,  and,  in  direct  opposition  to  Litft]^  ii 
has  been  supposed  that  the  highly  poisonous  action  of  the  marsh  gas  is  psdr 
owing  to  the  sulphuretted  hydrogen.  Again,  in  the  makiTig  of  the  Tbtnei 
Tunnel,  the  men  were  exposed  to  SHo,  which  was  formed  from  the  decooh 
position  of  iron  pyrites ;  after  a  time  they  became  feeble,  loet  their  appetitea 
and  finally  passed  into  a  state  of  great  prostration  and  anaemia.  Kor,  u  br 
as  is  known,  was  there  anything  to  account  for  this  except  the  praseDoe  d 
sulphuretted  hydrogen.* 

Dr  Josephson  and  Eawitzf  have  also  investigated  in  mines  efifects  prodaced 
apparently  by  sulphuretted  hydrogen ;  two  forms  of  disease  are  produced— 
pure  narcotic,  and  convulsive  and  tetanic  symptoms.  In  the  fiiat  esse,  tLe 
men  became  pale,  the  extremities  got  cold.  There  was  headache,  votigo, « 
small  weak  pulse,  sweating,  and  great  loss  of  strength.  On  this,  spasms  ani  | 
tremblings  sometimes  followed,  and  even  tetanus.  These  symptoms  wen  ; 
acute,  and  not,  as  in  the  Thames  Tunnel  case  chronic  When  tSieee  atticb  I 
occurred,  the  temperature  was  high  and  the  air  stagnant 

The  obversations  of  Clemens,  also,  on  the  development  of  boils  from  tiie 
passage  of  SH^  into  the  drinking  water  from  the  air,  if  not  convincing,  caimot 
be  overlooked.     (See  page  55.  X) 

The  sjonptoms  produced  by  ammonium  sulphide  in  dogs  are  said,  hj 
Herbert  Barker,§  to  differ  from  those  of  SH^.  There  is  vomiting  withoni 
purging,  quickened  pulse,  and  heat  of  skin,  followed  by  coldness  and  r^d 
sinking.  When  sulphuretted  hydrogen  and  ammonium  sulphide,  dissolved  in 
water,  are  injected  into  the  blood, ||  they,  and  especially  SHg,  produce  tfae 
same  symptoms  as  the  injection  of  non-corpuscular  putrid  fluids,  viz.,  profuse 
diarrhoea!  evacuations,  with  sometimes  marked  choleraic  symptoms  and 
decided  lowering  of  the  temperature  of  the  body,  congestions  of  the  lungs, 
liver,  spleen,  and  kidneys,  irritation  of  the  spine,  and  opisthotonos.  But,  in 
this  case,  a  much  larger  quantity  will  be  introduced  than  by  inhalation 
through  the  lungs. 

(d)  Carburet  ted  Hydrogen, — A  large  quantity  of  carburetted  hydrogen  can 
be  breathed  for  a  short  time ;  as  much,  perhaps,  as  200  to  300  volumes  per 
1000.  Above  this  amount  it  produces  symptoms  of  poisoning,  headache, 
vomiting,  convulsions,  stertor,  dilated  pupil,  &c. 

Breathed  in  small  quantities,  as  it  constantly  is  by  some  miners,  it  has  not 
been  shown  to  produce  any  bad  efifects ;  but  there,  as  in  so  many  other  casee^ 
it  is  to  be  wished  that  a  more  careful  examination  of  the  point  were  made. 
Without  producing  any  marked  disease,  it  may  yet  act  ii\juriously  on  the 
healtL     Hirt  says  that  cases  of  chronic  poisoning  are  not  uncommon. 

(c)  Ammantacal  Vapours, — An  irritating  efifect  on  the  conjunctiva  seems 
to  be  the  most  marked  efifect  of  the  presence  of  these  vapours.  I  am  not 
aware  of  any  evidence  showing  any  other  efifect  on  the  health.  (See  Schloes- 
ing,  Comptea  Rendus,  1875,  vols.  I.  and  II.) 

(/)  Sulphurous  Acid  Gas. — The  bleachers  in  cotton  and  worsted  manu- 
factories, and  storers  of  woollen  articles,  are  exposed  to  this  gas,  the  amount 

♦  Tavlors's  Med.  Jurisp.  1865,  p.  727. 

f  Schmidt's  Jahr.  hsjia  ex.  p.  334,  and  band  czviL  p.  85. 

i  I  notice,  in  the  account  of  the  new  Laboratory  at  Leipzig,  that  Kolbe  has  made  a  special 
arranfffment  for  the  supply  of  SH,  from  gasometers,  as  the  custom  of  each  man  making  t£e  gas 
himself  evolves  so  mucn  toat  the  health  of  all  who  are  working  in  the  room  suffen.  (Dtta  Nene 
Cheui.  Lab.  von  Univ.  Leipzig,  p.  20.) 

I  On  Malaria  and  Miasmata,  p.  212.  U  Weber,  Syd.  See  Tear-Book  for  187^  p.  227. 
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of  which  in  the  atmoffphere  is,  however,  imknowu,     Tho  men  suffer  from 
boaochitui,  and  are  frequently  sidlow  and  ani^niic.* 

Whan  sulphurouB  acid  m  evolvLHl  in  the  open  air,  and  therefore  at  once 
lugely  dilitteid,  aa  in  uopper  smelting,  it  does  not  apjHfar  t^j  pK^diioe  any  liad 
I  in  men,  thuugh  from  being  washed  down  with  rain,  it  affei:ts  herbage, 
throti^h  thtt  herbage,  cattle,  causing  affections  of  the  Luntjs,  f idling  oH  of 
tbe  kair,  <  ^itiun. 

(^)  Hjf'  Ar'id  Vapours  in  large  quantities  are  very  irritating  to 

the  ItLQgft  ^  when  ^toiired  out  into  the  air,  aa  wa^  formerly  the  cjise  in  the 
alkali  iiianafacttirea»  they  are  so  diluted  as  apparently  to  proiiuce  no  ellect  on 
but  Uiey  completely  destroy  vegetation.  In  s^jme  iiroceaaes  for  making 
hjdiochjuric,  sulphurous  and  nitrous  acids,  and  chlorine  are  all  given 
o<il^  and  eatiae  bmnchitis,  pneumonia,  and  destruction  of  lung  tiasue,  as  well 
as  isye  daeiia68.t 

(k)    Citrbon    BimJphide, — In   certain   procesees   in    the  manufacture  of 
•irukatmsed  india-rubber  a  noxious  gas  is  given  off,  supposeil  to  be  the  VH|Joiir  of 
Ijflvbon    biaulphiiie.     It   producea   headache,  giddiness,  pains  in    the  limbs, 
sleeplessneee,  nervous  depression,  and  complete  loss  of  appetite. 
there  is  deafness,  dyspnoea,  cough,  febrile  attacks,  and  soraetimeft 
and  paraplegia  (l>elpech).     The  effects  seem  due  to  a  direct 
I  efiact  on  the  nervous  tissue. 

SUB^BOTIOK  m. — ilFFBCT  OP  AlH   blFUBB  FROM  SfiVIEHAL  SUBSTANCES 
ALWAYS  C0-EX1STIN0* 

Tt©  examination  of  the  effects  of  individual  gases,  however  imporimt^  can 
*  teach  Ufl  the  results  which  may  l>e  pnxluced  by  breathing  air  rendered 
fold  by  a  mixture  of  impurities.  The  cjjraposite  effect  may  possibly  be  very 
different  from  what  would  have  been  anticipated  from  a  knowledge  of  the 
oction  of  the  isolated  substances. 

{a)  Air  rendered  Impure  hy  Respiraiiaa  (see  page  102).  The  effect  of  the 
ft^^tid  air  containing  organic  matter,  excess  of  water  and  ciirbonic  acid^  pro- 
dooed  by  respimtion,  is  very  miirked  upon  many  people  ;  heaviness,  he^ache, 
inartoess,  and  in  some  cases  nauBea,  are  produced.  From  experiments  on 
j^nimaU  in  which  the  carbonic  acid  and  watery  vapour  were  n?moved,  and 
oiganic  matter  alone  left,  Gavarret  and  Hammond  have  found  that  the  organic 
luattiiT  is  highlj  poisonous.  Hammond  found  that  a  monse  ilied  in  forty- 
IIt6  miniLtei^  and  I  have  known  cases  in  which  the  inhalation  of  such  an 
atmoiplMirs  for  three  or  four  hours  produced  in  men  decided  felirde  spiiptoms 
(increaaed  temperature,  quickened  pidae,  furred  tiDiigue^  loss  of  apjjetite-,  and 
thirst),  for  even  twenty -four  or  forty-eight  hours  subsequently. 

When  the  air  is  rendered  still  more  impure  than  this,  it  is  rapidly  fatal,  as 
in  the  cases  of  the  Black  Hole  at  Calcutta ;  of  the  pri&"jn  in  which 
300  Austrian  prisonera  were  put  after  the  battle  of  Austerlitz  (when  260  died 
TCFiy  rapidly) ;  and  of  the  steamer  Londonderry.  The  poisonoua  agencies  are 
probably  the  organic  matter  and  the  deficient  oxygen,  aa  the  symptoms  are 
not  those  of  pure  asphyxia.  If  the  persons  survive,  a  febrile  condititm  is  left 
Whind,  which  lasts  three  or  four  days,  or  there  are  other  evidences  of  affected 
nutrition,  such  as  boils,  &c 

WImui  air  moi«  moderately  vitiated  by  respiration  is  breathed  for  a  longer 


*  On  tlM  otlMT  buKt,  pmont  liviog  in  volcmiic  cauiitri«9  have  «omettni«>i  a  notion  thAt  the 
tiiwm  at  HilclwfDti*  aoid  are  good  for  the  health  ;  I  have  bc«n  tol J  bo  by  pcopI«  tu  the  aeigb^ 
lofYwmvitM.    <F.  deC.) 


tlofdas-^CiaiUtt'a  JAhrenb.  for  18^  band  vii.  p.  70. 
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period,  and  more  continuously,  its  effectB  become  complicated  with  tbtmd 
other  conditions.  Usually  a  peison  who  is  compelled  to  breathe  nek 
an  atmosphere  is  at  the  same  time  sedentary,  and,  perhaps^  lemaiiis  in  a  eta- 
strained  position  for  several  hours,  or  possibly  is  also  under-fed  or  intempenk 
But  allowing  the  fullest  effect  to  all  other  agencies,  there  is  no  doubt  that  the 
breathing  the  vitiated  atmosphere  of  respiration  has  a  most  ix^nrious  effKt  a 
the  healtL*  Persons  soon  become  pale,  and  partially  lose  their  appetite,  aai 
after  a  time  decline  in  muscular  strength  and  spirits,  f  The  aeiatKm  and 
nutrition  of  the  blood  seem  to  be  interfered  with,  and  the  general  tone  of  tk 
system  falls  below  par.  Of  special  diseases  it  appears  pretty  dear  tbt 
pulmonary  affections  are  more  common. 

Such  persons  do  certainly  appear  to  furnish  a  most  undue  percentage  of 
phthisical  cases ;  that  is,  of  destructive  lung-tissue  disease  of  some  kind.  Tk 
production  of  phthisis  irom  impure  air  (aided  most  potently,  as  it  often  ib^  bj 
coincident  conditions  of  want  of  exercise,  want  of  good  food,  and  excmm 
work)  is  no  new  doctrine.  X  Baudelocque  long  ago  asserted  that  impure  air  v 
the  great  cause  of  scrofula  (phthisis),  and  that  hereditary  prediapoeEliai, 
syphilis,  uncleanness,  want  of  clothing,  bad  food,  cold  and  htunid  aii;  an  lij 
themselves  non-effective.  Carmichael,  in  his  work  on  scrofula  (1810),  ffm 
some  most  striking  instances,  where  impure  air,  bad  diet,  and  deficient  eset- 
cise  concurred  together  to  produce  a  most  formidable  mortality  from  phthioL 
In  one  instance,  in  the  Dublin  House  of  Industry,  where  scrofula  m 
formerly  so  common  as  to  be  thought  contagious,  there  were  in  one  ward  60 
feet  long  and  18  feet  broad  (height  not  given),  38  beds,  each  containing  to 
children ;  the  atmosphere  was  so  bad  that  in  the  morning  the  air  of  the  nwd 
was  unendurable.  In  some  of  the  schools  examined  by  Caimichael,  the  diet 
was  excellent,  and  the  only  causes  for  l;he  excessive  phthisis  were  the  fonl  air 
and  want  of  exercise.  This  was  the  case  also  in  the  house  and  school 
examined  by  Neil  Amott  in  1832.  Lepelletier  (Traits  Complet  de  la  Maladie 
Scrophuleuse)  also  records  some  good  evidence.  Professor  Alison,  of 
Edinburgh,  and  Sir  James  Clark,  in  Ins  invaluable  work,  lay  great  streas  on 
it  Neil  Amot,  Toynbee,  Guy,  and  others,  brought  forward  some  striking 
examples  before  the  Health  of  Towns  Commission  (First  Report^  1844,  vd 
i.  pp.  52,  60,  69,  79,  &c.).  Dr  Henry  MacCormac  has  insisted  with  great 
cogency  on  this  mode  of  origin  of  phthisis ;  and  Dr  Greenhow,  in  his  "  Eepoit 
on  the  Health  of  the  People  of  England,''  also  enumerates  this  cause  as 
occupying  a  prominent  place.  § 

In  prisons,  the  great  mortality  which  formerly  occurred  from  phthisis,  as 
for  example  at  MUlbank  (Baly),  seemed  to  be  owing  to  bad  air,  coi\joiiied 
with  inferior  diet  and  moral  depression. 

Two  Austrian  prisons,  in  which  the  diet  and  mode  of  life  were,  it  is 
believed,  essentially  the  same,  offer  the  following  contrast : — 

*  See,  among  a  number  of  other  instances,  Guy's  evidence  before  the  Health  of  Towns  Com* 
mission,  vol.  i.  p.  89,  et  seq.,  and  S.  Smith,  ibid.  p.  87,  et  seq. 

+  See  Wilson  s  Observations  on  Prisoners,  already  cited,  page  108. 

XThe  following  statistics  (Ransom,  Sanitary  Record,  vol.  vi.)  are  instractive:  Death-rate 
from  diseases  of  tne  respiratory  organs  for  all  England,  8*54  (1865-76),  for  Salford  5*12 ;  for 
registration  district  of  Msnchester,  6*10 ;  for  township  of  Manchester  in  1874,  7*7  ;  for  Wert- 
nioreland  (one  of  the  healthiest  counties)  2*27  ;  for  North  Wales,  2*51.  For  diagrams  riiowinf 
the  effects  of  aggregation  of  populatinn  on  the  ratio  of  respiratory  diseases,  see  my  Lectuvi 
on  SUte  Medicine,  table  v.  p.  48  (F.  de  C.) 

§  The  observations  of  the  development  of  what  are  apparently  tubercular  lesions  fh>m  the 
circulation  in  the  blood  of  pus  or  septic  matter  derivea  trom  inoculation  in  gainea  pigs,  br 
Burdon-Sanderson  and  Wilson  Fox,  seem  to  give  support  to  the  coi^ecture,  that  in  these  i 
of  tubercle  from  foul  air,  some  corpuscular  substances  may  be  drawn  into,  and  set  up  <" 
of,  the  longs. 
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In  the  prisoti  of  Leopoldstadtj  at  Vienna,  which  was  very  hadly  vcntDak-d, 
tli«ne  died  intheyeapB  1834-1847,  378  prisonera  out  of  4280,  or  m  per  1000, 
and  of  these  no  less  than  220,  or  51*4  per  1000,  died  from  phthiais;  there 
were  no  leas  than  42  cases  of  acute  miliary  tulvercidosis. 

In  the  well- ventilated  Horiae  of  Corpoction  in  the  same  city,  there  were  in 
five  yeaw  (1850-1854)  3037  prisoners,  of  whom  43  died,  or  14  per  1000,  and 
of  Ifaeee  24,  or  7 '9  per  1000,  died  of  pbtliisis.  The  eonipnrative  length  of 
gratonceii  is  not  given^  but  no  correction  on  this  ground,  if  needed,  could 
meotmsA  for  thift  discrepancy.  The  great  prevalence  of  i^hthisis  in  some  of  tbe 
Indinn  jftik  sppean  to  have  been  owing  to  the  samQ  cause,  cumbined  with 
tnrafBcient  diet 

The  now  well-known  fact  of  the  great  prevalence  of  phthisLs  in  most  of  the 
Eoiopeaa  armieis  (French,  Prussian,  Russian,  l^lgian,  and  Engli^^h)  can 
acBRselj  be  accounted  for  in  any  other  way  than  by  supposing  the  vitiated 
stmoBpheft)  of  the  barrsck-room  to  be  chiefly  in  faidt  Thijj  is  the  conehisiun 
to  which  the  Sanitary  Commissioners  for  the  army  came  in  ^their  c^lehmtt'd 
irporl  And  if  we  must  abo  attribute  some  Lntliiience  to  the  pressure  of 
iUtmade  accoutrements,  and  to  the  great  prevalence  of  sypliiliK,  still  it  cuii 
llMdly  be  doubted  that  the  chief  cause  of  phthisis  among  soldiers  has  to  be 
•oogjitwime where  else,  when  we  see  that  with  very  diifert'ut  <iuties,  a  varialde 
mmoimt  of  syphilis,  and  altered  diet^  a  great  amount  of  phthisis  has  prevailt?d 
in  the  moetTaried  atations  of  the  army,  and  in  the  most  beautiful  climates; 
in  Gibndtar,  Malta,  Ionia,  Jamaica,  Trinidatl,  Eerraiuhi,  Arc.  (see  history  of 
iheoe  stations),  in  aU  which  places  the  only  common  contl  ition  was  the  vitinti'd 
atmosphere  which  our  barrack  system  everywhere  produced.  And,  as  if  to 
clench  tbe  argument^  there  has  been  of  late  yeare  a  most  decided  decline  in 
phthisical  caseB  in  these  stations,  while  the  only  circumstance  which  has 
nolmhlj  ehttDiged  in  the  time  has  ]>een  the  condition  of  the  air.  Bo  also  the 
extmoidinaiy  amount  of  consumption  which  has  prevailed  among  the  men  of 
the  Eoyal  and  Merchant  Na\ies,  and  which,  in  some  men-of-iv*ar,  haa  amounted 
to  a  veritable  epidemic,  is  in  all  ppjhability  attributable  to  the  faulty  ventila- 
tion.* 

Hie  deaths  6om  phthisis  in  the  Eoyal  Navy  averaged  (3  years)  2 '6  per 
1000  of  strongth,  and  the  invaliding  3  9  per  1000.  The  amount  of  consump- 
tion  and  of  all  lung  diseases  was  remarkably  diiTerent  in  the  dilTerent  t*hij>y» 
HiHse  inferences  have  receiveil  the  strongest  corroboration  from  the  outbreak 
of  a  lung  disease  leading  to  the  destruction  of  lung  tissue  in  several  of  the 
ships  on  the  Mediterranean  station  in  1 860.  Dr  Bryson  traces  this  clearly  to 
oontammation  of  the  air,  and  notices  that  in  sevend  cases  the  disease  appeared 
to  be  propagated  from  person  to  person. f  It  may  he  inferred  that  pus  cells 
wen  kigely  thrown  off  during  coughing,  and,  floating  tluotigh  the  air,  were 
reoedTed  into  the  lungs  of  other  persons. 

The  production  of  phthisis  in  animals  confirms  this  view.  The  case  of  the 
monksja  in  the  zoological  gardens,  narrated  by  llr  Arnott^  is  a  striking 
insimcsi  Cowa  in  close  stables  frequently  die  from  phthisis^  or  at  any  rate 
ixum  a  destroctive  lung  disease  {not  apparently  pleuro-pneumonia) ;  while 
hoise^  who  in  the  worst  stables  have  more  free  air,  and  get  a  greater  amount 
of  ezerciBe,  are  little  subject  to  phthisis.  But  not  only  phthisis  may  retison- 
jihly  he  considered  to  have  one  of  its  modes  of  origin  in  the  breathing  an 
otmo^iero  oontaminated  by  respiration,  but  other  lung  diseases,  bronchitis 


*  StatMtk&l  Report!  on  th«  Health  of  the  Kivy,  uad  wpeciollj  Oft  via  Mtlroy's  pamphlet  oa 
ibm  BcallJi  of  Um  Bmral  Kavy,  1902,  pp.  44  and  54. 
t  Tnaa.  cftha  E^ntdem.  Soc  vol  ii.  p.  142. 
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and  pneumonia,  Rppear  also  to  be  more  common  in  such  circumstAiioeB.  BAj 
among  seamen  uiilI  civiliiins  working  in  con  lined  close  rooms,  who  are  otbfr 
wise  so  diflferently  drcnmsitaiiced,  we  find  an  excels  of  the  acute  lung  ifc' 
tions.  The  only  circumBtance  wiiich  is  common  to  the  two  classes  b  tb 
impure?  atmosphera  (Compare  especitdly  Gavin  Mibvj  and  Greeiihov«|  | 
The  favourite  belief  that  these  disea^ses  are  caused  by  tninfiitions  of  ten^an', 
ture  and  exposure  to  weather,  has  Wen  cnmed  too  far.  | 

In  addition  to  a  goneral  impairt;d  state  of  health,  arising,  probablj,  fnaj 
faulty  aemtion  of  the  blood|  and  to  phthisis  and  other  lung  affectioiis  wUts 
may  reoaonably  be  believed  to  have  their  ori^du  in  tht?  constant  bieathiag  m 
air  vitiat-ad  by  the  oi^anic  vapours  and  piirLieles  arising  from  the  petson,!! 
hoa  long  been  considered,  and  apparently  quite  correctly,  that  such  im  aism^i 
sphere  causes  a  more  rapid  spreati  of  ^veial  specific  di^^ises,  especially  ty|i]Mi 
exanthematicLis,  plague,  smaU-pox,  scarlet  fever,  and  measles.  This  may  taam 
in  eevend  ways;  th«  specific  poison  may  aimplj  aceiimuhite  in  thi*  airii 
imperfectly  changed,  or  it  may  grow  in  it  (for  though  thtsre  may  hft  fti 
analogic^  argument  against  such  a  process,  it  has  never  been  disproyed,  ifllj 
is  evidently  not  imposeiible) ;  or  the  vitiated  atmosphere  may  simply  H^d 
the  body  less  resisting  or  more  j)redifipo«ed.  w^ 

(b)  Air  remhred  Impure  by  E^thalatiims from  the  Sick. — The  air  of  afiP 
ward,  contjiining  as  it  dtn?^  an  imraonae  quantity  of  organic  matter,  is  «i|i 
known  to  be  most  injurious.  The  severity  of  many  diseases  is  incneawd,  ol 
conyalescence  \a  greatly  prolonged  This  appears  to  hold  true  of  aU  dkaM^ 
but  especially  of  the  febrile.  At  a  cerUtin  point  of  impurity,  ery&ipelii^H 
hospital  gangrene  appear.  The  occurrence  of  either  disease  ia,  in  fact,  sVP 
dcnmatiun  of  the  sanitary  condition  of  the  wfuti.  It  has  been  asserted  lliil 
liospitid  gangrene  is  a  precursor  of  ex  an  thematic  ty]ihnfl,*  but  ]irolmblT  the 
introduction  at  a  particular  time  of  the  specihc  poison  of  tv^ihuK  was  a  ineif 
coincidence.  But,  doubtless,  the  same  foul  state  of  the  air  which  aids  tin 
spi'ead  of  the  one  disease  would  aid  also  that  of  the  other. 

^Vlicn  liospitfd  gangrene  has  appeared,  it  is  sometimes  extremely  difficult 
to  get  rid  of  it  Haminondf  etiite^s  that  in  a  ward  of  the  New  York  City 
Hospital,  where  hospital  gangrene  had  ajij^earerl,  removal  of  the  furniture  and 
I^atients  did  not  prevent  fresh  jmtients  being  attacked.  Closing  the  waxd  for 
stmie  time  and  whitewashing  had  no  effect  The  phistering  was  thBO 
removed,  and  fresh  planter  applied,  but  still  cases  recurred.  At  last  the  entin 
walls  were  taken  down  and  rebiult,  and  then  no  more  cases  occurred. 

It  is  now  well  known  that  by  the  freest  ventilation,  t.t.y  by  treating  men  in 
tenta  or  in  the  oi>en  air,  hospital  gangrene  can  be  entirely  avoided.  J  Tb« 
occurrence  of  hospital  gangrene  in  a  tent  is  a  matter  of  the  nirest  occurrencei 

(c)  Air  rendered  Impure  %  Coinbmtwn. — Of  the  products  of  combustioii 
wliich  pass  into  the  genend  atmosi>liere  {see  page  105),  the  carbonic  acid  and 
carbonic  oxide  are  so  largely  and  sjicedily  diluted  that  it  is  not  likely  they 
can  have  any  influence  on  health.  The  particles  of  carbon  and  tarry  mattetf 
and  the  sulphurtms  acid,  must  bo  the  active  agents  if  any  injury  results.  It 
has  been  supposed  that  moleculiir  carbon  and  sidphurous  acid,  instead  of  heiJig 
injurious,  may  even  bo  useful  as  disinfectants,  and  we  might  a  jmori  conclnd^ 
tliat  to  a  certain  extent  tliey  must  so  act,  but  certainly  there  is  no  evidenca 
that  the  smoky  air  of  our  cities,  or  of  our  colliery  distrieta,  is  freer  from 


*  See  Ouillemiii,  Recueil  de  M4moirea  de  Med.  Ch.  and  Pharra.  Milit&irea,  No.  150.  1874 

•f  On  Hygiene,  p.  172. 

i  Sea  Chapter  on  Hospital  h,  and  Professor  Jiinglccn's  Address  on  Pjietiila  in  the  SydeQiuua 
Socititj-  YettT'Book  for  1862,  p,  213,  and  Report  on  Hvgiene,  by  tb©  Author,  ia  the  Anny 
Medical  R*jport  for  1802  (vol.  iv.J 
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Ifiit  fitetiflittGAl  ev^enoe  ot  ^e  effectrof  amoky  town  atuKK 
lot  in  producing;  lung  afFections  on  a  large  scale  cannot  be  givet^  so  manj 
lie  other  conditions  wkich  complicate  the  problem. 

le  effect  of  breathing  the  proilucts  of  conibustion,  of  gas  especially,  is 
i  ewly  detenoinod.  In  proportion  to  the  anioimt  of  contamination  of 
or,  many  persons  at  once  sutler  fr^^m  headache,  heaviness,  and  oppres- 

Hmchitie  affections  are  frequently  pr«xiuceti,  wbich  are  often  attnbuted  to 
tumge  from  the  hot  room  to  the  fold  air,  but  are  really  probably  owing 
ke  iniuenc©  of  the  impure  air  of  the  room  oo  the  lungs. 
he  etfects  of  constantly  inhaling  the  products  of  gas  combustion  may  be 
I  in  the  case  of  workmen  whose  shops  are  dark,  and  who  are  compelled  hj 
B  gas  during  a  lar^jre  part  of  the  day ;  the  piillor,  or  even  ansemia  and 
ml  wsai  of  tone  which  such  men  show,  is  owing  to  the  constant  inhala- 
foi  an  atmosphctre  so  impui^ 

I)  Air  rtndereil  tmpure  by  the  Gas  and  Effltwia  from  Sewera  and  Houm 

L — Casm    of    asphyxia    frcim    sulphuretted    hydrogen,    sulphide   of 

,  carbonic  a^id,  and  nitrt»gen  (or  possibly  rapid  poisoning  from 

!  vmpotus),  occasionally  oeeur  both  in  sewers  and  from  the  opening  of 

ols.     In  a  case  at  Claphara,  the  clearing  out  of  a  privy  prodyced  in 

jr-thzoe  children  violent  vomiting  and  purging,   headache,  and  great 

and  convulsive  twitchings  of  the  muscles.     Two  died  in  twenty- 

(«  Health  of  Towns  Report,"  vol  L  p  139.) 

\  are  instances  of  mepbitic  poisoning  in  an  intense  degree ;  but  when 

ave  bvaathed  the  air  of  a  newly  op«^ned  drain  in  much  smaller  amount*?, 

iiBeeta  are  sometimes  produced ;  languor  and  loss  of  appetite   are 

bj  vomiting,  diarrhcfia^  colic,  and  prostration.     The  efiluvia  which 

^prodaoed  these  symptoms  are  usually  those  arising  from  a  drain  which 

blocked  for  some  time.     When  the  air  of  sewers  penetrates  into 

and   especially  into   the  bed-rooms,    it   certainly   causes   a  greatly 

"  state  of  health,  especially  in  children.     They  lose  appetite,  become 

and  languid,  and   suffer   fn^m   dtarrh»ea ;  older  persons   suffer   from 

malaise,  and  feverishnesss  ;  there  Ls  often  some  degree  of  anjemia^ 

\  dttar  that  the  process  of  aeration  of  the  blood  is  not  perfectly  carried 
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broke  out  at  the  Fort  of  LasoarLs,  from  the  opening  of  a  dndn,  other  affiBdku 
were  simultaneously  developed,  viz.,  *' diarrhoea,  djaenterj,  alight  pjwsM 
disorders,  and  diseases  of  the  primary  assimilative  oigans."  A  doee  ezaiiuDi- 
tion  and  analysis  of  the  affections  produced  by  the  inhalation  of  sewer  aii; 
would  probably  much  enlarge  this  list ;  and  the  class  of  affections  resnbiiig 
from  this  cause,  to  which  it  may  be  difficult  to  assign  a  nosological  name,  wiQ 
be  found,  I  believe,  to  be  essentially  connected  with  derangement  of  the 
digestive  rather  than  with  the  pulmonary  system. 

Dr  Herbert  Barker*  has  attempted  to  submit  this  question  to  ezpenmeot 
by  conducting  the  air  of  a  cesspool  into  a  box  where  ftniTHMla  were  ftnnfinwd. 
The  analysis  of  the  air  showed  the  presence  of  carbonic  acid,  snlphoretttti 
hydrogen,  and  ammonium  sulphide.  The  reaction  of  the  gas  was  usoiUj 
neutrsd,  sometimes  alkaline.  The  gas  was  sometimes  offensive,  so  that  oiguue 
vapours  were  probably  present ;  but  no  analysis  appears  to  have  been  mide 
on  this  point  Three  dogs  and  a  mouse  were  experimented  on ;  the  litter 
was  let  down  over  the  cesspool,  and  died  on  the  f[fth  day.  The  three  dogi 
were  confined  in  the  box ;  they  all  suffered  horn  vomiting,  puigiu^  and  t 
febrile  condition,  which,  Dr  Barker  says,  "resembled  the  nulder  fonns  of 
continued  fever  common  to  the  dirty  and  ill-ventilated  homes  of  the  lower 
classes  of  the  community.''  But  the  effects  required  some  time,  and  modi 
gas  for  their  production.  Dr  Barker  atbibates  the  results,  not  to  the  oiganic 
matter,  but  to  the  mixture  of  the  three  gases,  carbonic  acid,  sulphnntled 
hydrogen,  and  sulphide  of  ammonium,  and  specially  to  the  latter  twa 

The  effect  on  the  men  who  work  in  sewers  which  are  not  blocked,  or 
temporarily  impure  from  exceptional  disengagement  of  sulphuretted  hydrogen 
from  any  cause,!  has  been  subject  to  much  debate.  The  air  in  many  seiran 
in  London  is  not  very  impure ;  the  analyses  of  Letheby  and  Miller  ban 
shown  that  generally  the  amount  of  carbonic  acid  is  very  little  in  excess  of 
that  in  the  external  air,  and  that  there  is  hardly  a  trace  of  sulphuietted 
hydrogen,  or  of  foetid  organic  effluvia.  The  air  in  the  house  drains  is  often, 
in  fact,  more  impure  th^  that  of  the  main  sewers.  This  is  the  case  also  in 
other  places,  and  is  to  be  accounted  for  by  the  numerous  openings  in  tiie 
sewers,  from  the  porosity  of  the  walls,  from  the  continual  ventilation  prodaocd 
by  the  air  being  drawn  into  houses,  and  from  the  amount  of  water  in  the 
sewers  being  often  so  great^  and  its  flow  so  rapid,  as  to  materially  lessen  the 
chances  of  generation  of  gas.  The  evidence  is,  on  the  whole,  opposed  to  the 
view  that  scwer-men  suffer  in  health  in  consequence  of  their  occupation. 
Thackrah  states^  that  sewer-men  are  not  subject  to  any  disease  (apart  from 
asphyxia),  and  are  not  short-lived.  He  cites  no  evidence.  Parent-DuchAtelet§ 
came,  on  the  whole,  to  the  same  conclusion  as  regards  the  sewer-men  of  Paiis 
in  1836.  He  says  that  there  are  some  men  so  affected  by  the  air  of  sewen 
that  they  can  never  work  in  them ;  but  those  who  can  remain  suffer  onlj 
from  a  little  ophthalmia,  lumbago,  and  perhaps  sciatica.  They  consider 
otherwise  their  occupation  not  only  innocent,  but  as  favourable  to  health 
The  only  fact  adverse  to  this  seemed  to  be  that  the  air  of  the  sewer  greatly 


*Oii  Malaria  and  Miasmata,  1863,  p.  176,  etiea, 

+  Fatol  cases  have  occurred  both  in  London  and  Liferpool  sewen  from  the  impid  eyolution 
of  SH„  either  from  gas  liquid,  or,  in  Liverpool,  from  the  action  of  acids  passing  into  Um 
sewers,  and  meeting  with  sulphide  of  calcium  in  tne  refuse  derived  from  alicali  manufactories. 

^The  Effects  of  Arts,  Trades,  and  Professions  on  Health,  1832,  p.  118. 

fHvgiene  Publique,  vol.  i.  p.  247  (1836).  The  conclusion  of  Farent-Duchitelet  are  not 
entirely  justifleil  by  his  evidence.  The  number  of  men  he  examined  was  amaU,  and  manr  of 
them  had  been  employed  for  a  short  time  only  in  the  sewen ;  it  also  appeared  that  a  oonaider 
able  number  had  actually  suffered  from  bilious  and  cerebral  affections.  (See  tlie  former 
editions  of  this  work.} 


Bhow  any  exceiSB  of  disease ;  at  the  same  time,  it  muist 
"inquiry  has  not  been  very  rigorously  prc^secut<?*l»  and  thut 
of  time  the  men  work  in  sewers,  their  average  yearly  mortality, 
from  sickneea,  loss  of  time  from  sickness,  and  the  effect  pixidiiced 
'  expectation  of  life,  have  not  heen  perfectly  determined, 
r  of  sewets  paasing  into  houses  aggravates  most  decidedly  the  seventy 
exanthemata — erysipelas,  hiispital  gangrene,  and  puerperal  fever 
and   it   has  prohably   an    injurious   effect   on   all  dbe^ises.     That 
may  be  produced   is  shown  by  the  case  of  the  East   Sheen 

epecial  diaeasee  have  been  supposed  to  arise  from  the  air  of  sewers  and 
viz,,  diarrha^ii  and  typhoid  (enteric)  fever. 

ftiglKrd  to  the  production  of  diarrhix^  from  ftecal  emanations,  it  would 
the  aolumnal  diarrh<r*a  of  this  country  is  intimately  connected  with 
t  and  usually  commences  when  the  thomiometer  is  persistently 
SO*,  and  when  there  is,  at  the  time,  a  scarcity  of  rain- fall  It  is  worst 
badly-MWered  districts,  and  is  le^t  in  well-drained  districts,  and  in  wet 

It  has  been  checked  in  London  by  a  hea\y  fall  of  itiim  All  tlitase 
leem  to  connect  it  with  fsecal  emanations  reticbing  a  certain  rapidity  of 
tai  in  consequence  of  high  temperature,  deficient  rain,  and  periiaps 
I  diyBeas  of  the  atmosphere.  At  the  same  time,  there  is  a  connection 
H  this  disease  and  impure  water.  It  may  own  a  double  origin,  and  in 
Baacm  both  cases  may  be  in  opemtiom 

enteric  fever  may  arise  from  the  eJHuvia  from  sewers  \a  a  doctrine  very 
ly  admitted  in  this  country,  and  is  supfwrted  by  strong  evidence. 
|te  aevend  casea  on  record  in  which  this  fever  has  constantly  prevailed 
lis  exposed  to  sewage  emanations,  either  from  t>ad  sewers  or  fi-om  want 
%,  and  in  which  proper  sewerage  has  eompletcdy  removed  the  fever,  J 
l>f  these  cases  occurred  l>efore  the  water-ciirriage  of  typhoid  was  recog- 
bnt  yet  the  connection  between  the  sewage  emanation  and  the  fever 
pdoabted, 
I  eridence  is  supported  by  cases  in  which  the  opening  of  a  drain  has 
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given  rise  to  decided  typhoid  fever,*  as  well  as  to  a  vexy  fatal  disease  (pro- 
bably severe  typhoid),  in  which  coma  is  a  marked  symptom.  So  also  in  mm 
instances  (Windsor  and  Worthing)  f  the  spread  of  enteric  fever  has  evidntlr 
been  owing  to  the  conveyance  of  effluvia  into  houfles  by  the  agoer 
of  unventilated  sewers.  In  a  case  mentioned  to  me  by  a  friend,  an  oatbmk 
of  enteric  fever  in  a  training-school  was  localised  in  certain  parts  of  the  mhosi 
(whereas  the  drinking  water  was  common  to  all),  and  was  traced  to  impeffB^ 
tion  of  traps  in  those  parts  of  the  house  which  were  affected.  In  thiis  cw 
the  drains  led  down  to  a  large  tank  at  some  distance,  and  at  a  mnch  lomr 
level,  and  the  smell  of  the  effluvia  was  so  slight  that  at  first  it  was  mi 
believed  that  the  drains  could  be  out  of  order.  A  veiy  good  case  is  given  bf 
Surgeon  Page,^  of  the  6th  Dragoons,  in  his  description  of  an  oatbreak  of 
typhoid  fever  at  Newbridge,  following  discontinuance  of  the  nse  (on  accooit 
of  repairs)  of  a  ventilating  shaft  for  the  sewers.  Sewer-gas  got  intt) 
the  barracks,  and  several  cases  (some  fatal)  of  typhoid  fever  occoned.  Odvr 
possible  causes  were  carefully  inquired  into  and  eliminated.§  These  tvo 
classes  of  fact  seem  decidedly  to  show  a  causal  connection  between  the  efflmrk 
from  sewers  and  excreta  and  enteric  fever,  and  they  are  supported  by  the 
statistical  evidence  which  proves  that  the  prevalence  of  typhoid  fever  standi 
in  a  close  relation  to  the  imperfection  with  which  sewage  matters  are  remoT«L| 
The  army  statistics  give  excellent  instances  of  this,  and  the  evidence  prodnoed 
by  Dr  Buchanan  of  the  prevalence  of  typhoid  fever  before  and  after  sewesige 
of  a  town  is  to  the  same  effect  II 

It  seems  difficult  not  to  admit  that  the  effluvia  from  the  sewers  will  prodooB 
typhoid,  and  yet  there  are  some  remarkable  facts  which  can  be  cited  on  the 
other  side. 

It  has  been  denied  by  Parent-Duch&telet  and  by  Guy**  that  typhoid  fever 
is  more  common  among  sewer-men  than  others,  and  late  inquiries  among  tbs 

*  The  cases  of  Croydon,  Peckham,  Westminster,  Fleet  Lane,  Hammemmith,  and  Malta  are 
here  refeiTed  to.  See  Murchison  on  Fevers,  p.  436,  et  sea.  The  Hammersmith  case  is  one  bmo- 
tioned  by  Babington  (British  Medical  Journal,  May  3,  1862).  The  case  at  Malta  is  mentmeri 
by  Marston  (Army  Medical  Report  for  1861,  p.  486).  I  have  been  informed  of  a  similar  ciie; 
and  it  was  also  affirmed  that  the  evacoations  of  some  patients  with  typhoid  fei-er  had  beea 
received  two  years  before  into  the  drain.  Riecke  (Der  ^riegs  und  Frieaen-Typhus,  1850,  p. 
51)  has  collected  many  cases  ;  so  also  Oietl  (Die  Ursachen  des  Knt.  Typh.  in  If  unich,  1861 
In  a  case  recorded  by  Dr  Buzzard  (Lianoet,  Nov.  1868),  a  rain  water  pipe  comnianicatiiig  witk 
the  dischaive  pipe  of  a  closet  led  tne  effluvia  into  the  house ;  seven  persons  out  of  forty  vcR 
attacked.  Dr  Orton  of  Newcastle-under-Lyne  has  recorded  an  outbreak  in  that  city  (Mei 
IMmes  and  Gazette,  April  1872),  arising  fh)m  sewer  gas  ;  no  case  of  typhoid  had  oocarred  ii 
the  town  for  some  time,  and  the  water  was  above  suspicion.  Dr  Fergus  of  Glasgow,  who  hat 
paid  great  attention  to  the  conditions  of  water-closet  and  sink  pipes,  and  has  pointed  out  hov 
rapidly  they  decay  and  get  out  of  order,  has  noted  several  cases.  In  a  case  at  Preston,  recorded 
in  the  Medical  Times  and  Gazette,  Feb.  10,  1872,  the  gas  forced  back  in  a  drain  by  the  rise  oft 
river,  into  which  the  drain  opened,  caused  typhoid  fever  in  several  persons.  In  Croydon, 
in  1866,  Buchanan  mentions  that  the  sewer  gases  were  forced  noisily  back  the  traps  of  water* 
closets  in  seveml  houspj),  in  which  outbreaks  of  typhoid  occurred  a  few  days  afterwards. 

+  Ninth  Reoort  of  Medical  Officer  to  Privy  Council,  p.  44. 

X  Army  Med.  Report,  vol.  xv.  p.  801. 

§  An  outbreak  at  Kinsale,  apparently  due  to  sewer  effluvia,  is  narrated  by  Surgeon-Makir 
Wallace,  Army  Med.  Reports,  vol.  zviL  p.  55.  The  inquiry  seems  to  have  been  very  csrefiuly 
made. 

II  The  Medical  Inspectors  of'  the  Privy  Council  are  fully  alive  to  the  occasional  propagatioa 
of  typhoid  fever  by  water,  and  yet  the  doctrine  that  the'disease  can  be  conveyed  in  the  air  is 
firmly  held  by  them,  and  few  men  have  more  experience.  (See  Mr  Netten  Radcliffe'i*  Report  os 
Fever  at  Bradford  in  1872. )  Greisinger  also  nas  no  doubt,  from  a  lai^  experience,  of  th« 
origin  of  typhoid  fever  in  this  way. 

%  Ninth  Report  of  Medical  Officer  to  the  Privy  Council,  p.  44.  In  21  English  towns  the 
average  reduction  of  typhoid  mortality  after  sewage  was  45*4  per  cent.  In  many  of  the  torn 
an  improved  water  supply  was  introduced  at  the  same  time,  but  the  purification  of  the  air  by 
sewerage  and  cleanliness  has,  it  is  believed  by  Buchanan,  **  been  most  uniformly  foUoww 
bv  a  ful  in  the  prevalence  of  typhoid." 

**  Journal  of  the  Statistical  Society,  1848. 
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of  London  seem  to  bear  out  the  assertion.     Btit,  a^  alro^idj  stated, 

f  London  aewere  ia  really  tolerably  pure  ;  and  souig  of  tliw  men  nmy  bo 

by  previous  attacks,  for  typhoid  ftn^er  ia  a  most  common  disea,^ 

poorer  children  in  London.     Murchison  *  and  Peacock  also  statei 

iiie,  that  enteric  fever  is  not  uncommon  among  aewer-men. 

therefore,  is  not  of  jfreat  weight. 

is  very  strong  that  the  men  emjdoyed  at  the  sewage  tanks  antl 
fanos,  and  theii  families,  do  not  show  au  unusual  amount  of 
nor  do  the  persona  living  in  adjacent  houses.  Now,  if  sewage 
Cfln  caujse  typhoid  fever,  it  might  he  expected  tliat  we  should  by 
had  plenty  of  evidence  of  this  special  eilecL  Again,  in  our 
and  in  many  farm  hoiisas,  the  excreta  of  men  and  animala  liter- 
tli«  ground,  and  it  might  have  been  anticipated  that  enteric  fever 
be  absent  If  this  is  the  case  in  this  cuuutry,  it  is  still  more  so 
ire  the  excreta  are  so  carefully  stored  and  applied  to  lantL  In 
irt«  made  by  varioua  medical  ofticeits  in  the  Ctinftmuf  Gazette  of 
Sot  iJ^Tl,  the  writers  state  that,  in  Chinese  villages  sunouiided  with 
^  and  where  the  contamination  of  the  air  by  fict^td  emaniitions  is  very 
la  no  typhoid  fever.  And  as  typhoid  is  well  known  in  tJther  parts 
1%  the  absence  is  not  owing  to  any  pecidiarity  of  cHmate  preventing 

of  the  fever,  t 

liave,  then,  count^'rfacts  which  must  be  allowed  to  Tk'^  of  considemlde 

Any  explanation,  to  be  siitisfactory,  must  not  ignore  one  set  of  facts, 

ii  include  both. 

poss;  it  the  adult  persons  submitted  to  sewage  enmnatious  may 

111  typhoid  fever  in  early  life,  and  are  tbeivfore  insusceptible,  may  ex- 

cftsys  of  escape,  even  when  ftec^d  emanations  are  constantly  breathed. 

fotlld  ba  unpoesible  to  extend  this  argument  to  the  cases  of  immunity 

leu,  unless  we  suppose  that  typhoid  fever  in  children  is  constantly  ovcr- 

Atid  is  Its  common  as  measles,  which  seems  very  tiulikely. 

m  been  suppoaed  that  there  is  an  essential  clillei*tince  when  animal  and 

le  sabstanoee  are  decomposing  in  covert-d  plaftes  and  in  the  open  air.i 

Went  that  the  physical  conditions  will  be  widely  diirerent  in  the  two 

In  underground    channels  there   is  gruak^r  mean  teuipenitiire,  more 

e^  and  a  more  stagnant  atmosphere.     In  the  open  air,  while  there  may 

^m  the  sun  s  mys,  this  may  restrain  putrefaetiou  ;  while  the  coldness 

^^pta,  and  the  much  greater  movement  and  dryness  of  the  air,  may 

|iH  formation  or  lessen  the  chance  of  reeej^tiou  of  any  fever-causing 

»  developed  dnring  the  putrefaction.     At  lirat  sight,  there  appears  ti» 

i  in  £ivonr  of  this  view,  and  it  wotdil  explain  the  gn^ater  chance  thei-e 

to  be  of  effluvia  coming  from  sewera  causing  tyjdioid  fever  than  when 

tvia  came  frt>m  excreta  in  the  open  air.     Ikit  it  iloes  not  meet  two  uu- 

1  factSy  viz.,  that  there  arecasea  in  which  sewer  air  is  breathed  witlioub 

t\7>hoid,  and  the  occasional  severe  outbreaks  of  typhoid  in  villager 

t  sewers,  and  where  there  is  no  putrefaction  imder  cctver, 

I  the  importation  of  typhoid  fever  into  places  previously  five  f<jr  years 

ired  by  outbreakeg  is  quite  certaim     In  many  of  the^e  cases,  as  in  the 


\ 


hr^i^  p.  453. 

Bcpotts  by  Dm  Milkr  and  Maasoti,  Tor  Sh&tighii)  ond  Atno^,  m  the  Cut^toiiLB  Gasette, 
*.1871. 

istbe  riew  taken  in  the  Second  Report  of  ihe  Stnt«  B<^Ttl  of  Health  of  Mftasjwbawttp. 
isqtiify  in  most  of  tlie  large  dtiet  of  thivt  itnte,  the  conclnaioii  k  drawn  that  it  h 
*    I  of  antnial  aiiit  vegetahte  iabetanoea,  untier  cav^ff  which  give^  typhoid. 

MfMOiiltct  ftflyyewtAgoby  Brctonnena  hare  htau  eijnILnued  by  uiauy  obserrnt^gtui 
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excellent  instance  at  Steynmg,  recordetl  hy  WTiitley,*  iJI  tbe  coDiiitiDtt 
aw;umuhUHl  aewage,  Arc,  which  are  supposed  to  prorluce  t^iibasd  fewr, »• 
present  fur  years,  and  yet  nn  fevur  T«6iilted,  Tbon  a  paitt*nl  caiue*  hm% 
distancii^  with  t\^ilioid  fever,  ant  I  the  disease  spread  through  tlie  villagr,  eiliit 
thnVuj^'h  thc!  inedintn  of  the  water  (as  is  perhaps  most  cciminnii)^  or  tknuf^ 
thf!  air.  Tln^se  instances  are  so  jjunierouB  that  the  entniiit?e  of  ji  frptih  a§M 
miiat  be  adniittf^l,  and  if  «o,  the  series  of  events  b<^*omos  qtiir  :M^ 

The  doetrine  that  a  8peei1ic  canae  is  ntM^asaary  for  the  pmdii  '\^^m 

fever  ;  that  this  cause  ins  presetit  in  the  inteetinal  discharj^'es, f  and  that  »e9m 
and  faical  i^lHriviti,  find  fictuil  itnprejtination  of  water,  are  thereby  tlir  I'buBHili 
by  whith  this  spiciihi  cause  reiiches  the  hotly  of  a  siKsiTeptlbJe  jjersan  {it^d 
a  person  who  hjus  not  pn^viously  had  the  disease),  will  be  found  t<i  exjLt 
almost  lill  the  «n'enU  which  have  been  recorded  in  couatjction  with  the  of^ 
of  typhoid  fever. 

There  are,  however,  still  some  difficnltioa.  Thera  aro  instaneefi  in  hIrI 
tyjihoid  fever  arises  from  sewer  air  without  any  i>08sibility  of  iraanu 
entrance  of  a  jK-rson  with  the  €li^easi*..J  Sonietimes,  as  in  thi*  ctt 
an  isolated  house  in  the  country,  it  seems  mt>at  difheulfc  to  beliew 
such  entrance  could  have  taken  f*lace.  It  nuisi,  however,  he 
that  the  carriage  of  the  *'  contaj^ion  "  takes  [dace  in  so  many  wnvs,  tibil 
is  impossible  always  to  trace  it.  In  the  cane  of  typhoid  ft»ver,  the  fttfttk 
not  only  infectiuus  during  the  height  of  the  disease,  hut  probably  duiin^tki 
mrfy  period  of  recovery  ;§  and  the-  di.seaae  itself  is  also  often  so  slight  tbi 
persons  move  about,  and  believe  they  have  only  an  attack  of  di^itllin 
Again,  the  frc<pient  jonrneying  from  place  to  place  exp«>ses  all  peiB0ii6li>i 
greater  chance  of  in)ialin>,'  the  typhoid  idHnvia,  ami  the  real  source  of  ik 
disease  may  be  far  rt^nioved  from  thf>  placid  which  m  ftctually  suspected. 

There  are,  aj^in,  cai5t'^  in  which  typhoiil  fever  oceurs  in  perstius  who  htw 
not  been  expnseil  apparently  to  Hcwi^r  air,  or  ftecal  emanations,  or  to  the  cku^ 
of  any  typhoid  contagion.  1  >r  (Tordoo  Hardie  hiis  recorded  two  vs^ee  of  lloi 
kind  of  soldiers  attacked  during  imprisonment  Such  cases  can  asAj  1)8 IK- 
phdnod  either  by  swpjiosing  an  incn}»ative  period  of  extraordinary  l€Qgt]^  of 
an  origin  apart  altogi^ther  either  from  imtrnl  emanations  or  a  prior  tmm  of  1^ 
disease. 

Admitting,  however,  that  them  are  still  diftieuUios  to  In?  e^jikbiad 
hy  future  ohj*er\iition,  it  seems  clear  that  the  theory  of  a  speeitic  cause  rem- 
ducing  itself  in  tbe  intestines  and  contninw]  in  the  dischsirge^K,  and  natumiy, 
therefore,  connected  more  or  less  closely  with  excreta  and  sewers,  aud 
tinier  with  drinking-water,  is  that  which  best  meeta  the  facts  whic*h  have 
most  faithfully  reporteil  in  outbreaks  of  typhoid  fever.  The  evidtrnoe  of  tfe 
carriage  of  a  cause  of  this  kind  in  wat-er  strongly  supports  this  view. 

(e)  Ema nations  from  Fiscal  Matter  thnmn  on  the  GromuL — -Owin^  d<MiH> 
less,  to  the  rapid  movement  of  the  air,  there  is  no  douht  that  the  axorata  ^ 


•  From  the  Report  of  the  Medical  Offlcer  to  the  PrJvy  CaiiiHil,  p.  45, 

+  That  th«  eflluvTia  froin  the  tvphoid  stools  will  produce  typhoid  r«v#riMeeiuii  to  b«  i 
and  A  good  cjLa«  ig  given  by  iiiocko,     Tke  evacuatioua  of  a  lyiihokl  patiout  were  pljtc«d  ill ' 
oiitlioaftA,  th«  upp^r  room  of  whieh  hJid  an  uactiileil  floor.     Two  men  who  bnd  no  mtai«Q 
nhntover  with  tTi»  patient,  and  uevertmtered  tho  house,  bat  who  slept  io  the  up|>t*r  roaoL,  ^ 
attacked,  and  at  th«  aume  tim«. 

X  RtiJike  adniitai  ih«  posjiibility  of  ^tp^^nLiiieotts  orgin  of  typhoid^  but  thinks  it  spreoiii  L^ 
fit?qucBtly  thmugb  air  thna  loiy  *\i\\vY  wr»y. 

§  In  fi  caHH  (under  the  care  of  Dr  Ijftug-itaft  of  Southampton),  thu  {>atieat  die<}  nftcr  17  frw3U' 
illneHJ*;  hi«  brother  was  attacked  with  typhoid  lever  about  a  wwuk  hffortt  tk»  ilenth  of  lUie 
other*  an  1  no  othei  f^ource  of  the  ilmeA^e,  except  visiting  hit  brother,  could  h«'tniii^.  Acvwol^ 
in^^ly,  ullowiQi?  the  lon^^.st  known  priod  of  ijit:uhatiiMi  (21  days},  the  diaeaae  matfl  bavo  biis 
cosuimwjiczUetl  in  the  Kith  week  of  iJIness,     The  ca.se,  althouijli  aot  dectsiv«,  ii  curiotLS. 
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Uifown  on  tlio  pound  and  ex  loosed  to  tbo  oi>»3ii  air  are  K^s 
kurtfvl  Ifaaa  wwor  air,  and  pn)bai)ly  in  proportion  U>  the  dil^ition. 

Whin  Ill69»  ar^  accumiiktions  in  close  coarta,  small  hitk-ynrds^  ^c,  the 
trntat  dfecla  are  {iioduc«2wi  as  hy  aowor  air,  and  many  instanc^'^  are  recorded  in 
ibe  **  Health  of  Towhb  Keporta"  AVLon  fa?ial  matters  arw  ut^vd  for  mimure^ 
mod  mr^  iben^fupt'  sp*»edily  mixed  witU  earth,  they  suldoiu  proilyce  liad  *^tre«;ta. 
Owtngi  tloubtlesfi,  to  the  gn-at  deuduriijiug  and  abejorbing  po Wei's  of  earth, 
«ifllovim  moon  cvaav  to  bo  giv<.'.a  otT.  An  instance  is,  howvver^  on  record  in 
twa  OMaa  of  typhoid  weru  supposed  to  ai-ise  from  the  ijaiiiiuring  of  an 
al  6akL  Dt  Clouston  has  also  shown  by  evidence,  which  s^eema  ver}' 
Ihoit  djamtwj  was  pnxiuoed  in  an  asylum  by  the  exhalations  from 
which  was  spread  ovbt  tha  ground  (a  stitf  bri<:k  clay  suljsoil)  about 
300  jm^  from  Ihe  asyhiiu.  The  ca^  deom^  a  vory  ctinvincm;^  one,  as  the 
pamilwHtY  tif  tho  action  of  other  caiisi^  (Ln)]»nre  water,  kid  food,  ^'c.,)  waa 
•sehldiML  This  is  a  point  on  which  moi^  evidenct^  is  desirabla  It  is  atatoil 
ill  mamm  Wiirka  that  diaeaae  id  fret^ULUtly  proiluix^l  by  the  manuring  of  the 
but  I  have  bean  able  to  tiud  no  8ati8fai:tory  evidence.  It  has  been 
Hud  if  the  SQwage  matter  can  be  applied  while  perfectly  fresh 
to  lb«'  f^Qiid,  no  hana  resnlta ;  but  if  deeomfxi^iitiuu  has  fully  set  in,  it  ia 
xi  tikktelj  deodonaed  by  the  grouiwL     (See  chai»ter  on  Sewage.)     In 

I.  n»ice  l»eal  matter  ia  so  cotist4mtly  A]iplied  in  agriculuire*  the  air  is 

uiieii  liUtfi  with  very  punjjent  ctHuria,  yet  no  Ijad  e-fltH^-t  in  prLMliued.  (See 
I>r  A.  Jamieaoti^s  **  Kept>rt  on  the  Health  of  Shaughiii  for  the  hulf-yeiir  i^nd- 
ijig  BepltsflilMr  1870,"  Chiua  Custijtm  OasBetie  for  1870;  Shanghai,  187L) 

(/)  £mamaiwms  frmn  i^rtwm  polluted  hy  Focal  iV(i^/<rr.^The  evideneo 
Oil  tbn  point  k  ooutradictory.  Farent-DuchAtelet,  in  1822,*  investigat'ed  the 
a0Bcl  prodoeed  on  the  health  of  the  iidiabitanta  of  the  Faultourg  8t  Mari^t^u, 
in  Paria.  by  the  almost  in.«;uppi.>r table  etHuvia  arising  from  the  Kiviere  da 
Bi^rti^  which  received  a  large  portion  of  the  sewage  of  the  quiirtei'. 
Ha  iiwiili  I  tint  tbfi  haahh  waa  not  at  all  damaged,  though  headinits  that  there 
m  trQtIi  in  the  old  liadition  at  the  liotel  Dieu,  that  the  cases  from  8t  Marceau 
wvn  mon^  semsse  than  from  any  other  phiea 

Dr  M*WiiIiam  found  that  the  emanations  from  the  Thamt^  in  1859-60 
bad  no  d*k^terious  eilect  on  the  health  of  the  Custom-Houiie  men  employed 
on  the  wrvsi*     Tba  amount  of  diarrhceiL  was  even  below  the  avetaga 

Ml  Sawliaaon  states  ('^Keport  of  Committee  on  Sewage,"  1864,  p.  174^ 
SWi)  that  a  careful  house  to  house  visitation  had  l>t*en  made  in 
*  cif  tbo  worst  districts  of  Lancashire  (in  Muuchester,  on  the  banks  of  the 
MeiUock,  fur  iiwtiinee)  without  finding  any  gr«nit  exceea  of  diseaatiu 

ifm  iho  other  hand,  in  the  reports  of  8ir  H.  De  Ja  Beche  an<l  Dr  Lyon 
Pln^T^UTft  i*  aome  strong  evidence  that  the  general  health  of  the  ])eople 
floftrtd  ixom  the  emanations  of  tl^  putrid  streams  of  the  Frt:»me,  an<l  the 
ttalNllmMi  of  the  Irk  and  Mtnllock ;  that  they  were  pale,  in  many  crises 
djapeplEk;  that  fevers  (typhoid)  prevailed  on  the  hanks  is  asserteil  by  sumo 
ahauiUMh  bat  rathet  doubted  by  othem ;  but  none  seem  to  have  any  duubt 

•  njyiUa  Publiqup,  p.  98. 

t  mmad  RcfNui  ofibe  HoJUi  of  Towds  l3(mimfsKioii,  pp.  201  tnd  347.     Lycm  PlayfEirmyit, 
**ni  avilaU  mill  in  Itaiich««ti9r  whom  [  have  cou«u]t4»d  are  tinMiimouti»1y  of  opinion  that  th« 
fVtTm  thp  pntiid  fftr«iin«  which  wind  their  wny  aliiggiflhlT  thmusli  tho  town  arv  ft 
ofdiffr  nality.*'    On  the  otlier  liarnl,  \Vhtubc«il  (BAte  of  Mortality  ixi  Maii- 

3a.  -  


50)  ileoi^eii  that  typhus  ityphoiil  h  U  more  prevakut  near  the  banks  of 

|i«Mi*^ -'W  d«oi«>a<p.  ^^)  that  health  i»  iiijurioualy  oUieciiML     Mr  RawliD^^ou  also 

^  i  of  a««ii0i  U>ni8iittoe,  IS^,  p.  174,  Onci»tiou  H^^l}  stat«s  that  no  great  exceaa  of  diHeaam 
___r«>lMl«U(iiu  vai  found  lo  aadst  on  the  buiikB  of  the  Modlock.  So  abo  the  aUUi  of  th« 
Cty4a«  vbkli  i«  at  ibe  iir«seiit  very  bod,  produoci  so  elTeel  wUatev«r  on  bualtb.  (S«o  GhLsignw 
"  -    I  JiNtnud  for  Nov.  1868^  afao  tbe  Sewage  Questioa,  hy  Dr  Wr^^u,  1S7^  p.  25.) 
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that  the  fevers,  when  they  occurred,  were  much  worse*      Clur^- ......  1 

was  aevere  along  the  banks  of  some  of  the«e  streams,  but  that  might  : 
from  the  Trat^r  being  drunk.  In  1 858  also,  Dr  Ord*  obser\'€^^  tLai  a  u^i- 
numlver  of  the  men  enij>lo\'efl  on  the  Thameji  were  affect*^  br  the  efStir^ 
the  s^miptoma  Ijeing  languor  atid  depreiisina,  foDowed  by  nausea  and  baidjdn 
aching  of  the  oyehalls  and  redness  ami  swelling  of  the  thraaL  DiarriHBAiB 
rare.  In  1859  these  s>"mpt*inis  weit?  not  obst^rvetl,  though  the  state  of  tk 
river  %vas  worse*     Were  they  then  rpally  caused  by  the  effluvia  in  18581 

It  is  very  likely  that  the  discrepancy  of  evidence  may  arise  from  ik 
amount  of  water  which  dOutes  the  fiecjxJ  matter  being  much  greater  in  wim 
cases  than  others.  In  the  case  of  the  Thames,  the  dilution  was  after  all  W 
great,  and  thiss  was  the  caiw?,  in  part  at  any  rate,  in  the  Bi^vr©,  as  the  atns 
was  in  some  places  6  and  7  fe«t  deep.  The  evaporation  from  such  a  bodjf  if 
water,  however  offensive  it  may  be,  must  be  a  very  different  thing  from  tk 
effluvia  coming  of!  from  the  masses  of  organic  matter  laid  liore  by  the  sihu^t 
complete  flrying  up  of  streams  into  which  qimntitesof  fa«cal  matter  are  poowd 
When  sewa|;e  inatt*'r  is  ponred  into  the  se^  and  washed  l>ack  by  the  tiiici 
may  become  a  source  of  danger.  An  epidemic  of  enteric  fever  «*i 
this  way  among  the  recruits  of  the  I^oyal  jMjuine  Artillery,  who  wpd 
to  builcl  a  sea-wall  at  Fort  Cumlierland^  to  protect  Laugstori  HarUuii  {fi«Af 
Portsmouth).  An  rnitlircak  took  place,  which  could  not  be  accounted  forbf 
anything  in  the  quarter,  fooil,  or  water  sujiply.  The  sewa^  of  Purtsmoolk 
ia  pnmpi  tl  into  the  sea  near  that  spot,  but  the  pumping  ought  to  take  j^ 
at  ebl>tidL'  only  ;  it  waii  found  that  this  rule  had  been  neglecte4.1,  and  that  pooip" 
ing  had  taken  ]ilaee  during  the  How,  so  that  the  sewage  was  carried  hack  ill 
dej>osited  on  the  mud  where  the  work  was  taking  place.  Out  of  l^Oiecrui]^ 
4  died,  16  had  distinct  attacks  of  enteric  fever,  and  40  bad  milder  attacks  dl 
indisposition.  Cases  also  occurred  at  Hilsea  Barracks,  further  up 
harboiu*. 

(fj)  Efffid  of  Manure.  ManufactorieiSt. — ^The  mannie  manufactories  at 
existing  in  this  country  do  not  appear  to  pTOdnce  any  Imd  effectsu     Th^W 
generally  at  some  little  distance  from  towns,  and  the  effluvia  are  soon  diluted. 
The  Secrijtary  of  the  Hyde  ^Manure  Company  informed  me  that  while  tbe 
works  were  in  opemtion  no  bad  etleete  were  prtnluced.      But   if  situated  in 
toT^Tis  they  are  nuisances,  and  may  be  hurtful     In  1847  evidence  was  given 
to  ehow  that   a   manure   manufactory   situated  in    Spitaltiekls,    and  abottt 
100  feet  from  the  workhouse,  caused  bad  diaiTlitra  whenever  the  wind  lAmw 
in  that  direction,  and  12  cases  of  ** spontaneous  gangrene"   (!)  which  Iwd 
appearefl  anion g  children  were  attributed  to  it     The  cases  of  disease  in  thi 
workhouse  infirmary  also  acqnirefl,  it  was  said,  a  malignant  and   intmctahk  ■ 
chamcter*t     In  France  the  workmen  engaged  in  the  making  of  **  poudretlc  "  ■ 
do  not  in  any  way  suti'er,  except  from  slight  ophthalmja4     Farent-Du  ihiti*kt|  ^ 
(on  very  sUght  evidence  indeed)  thought  the  emanations  were  even  beneficial 
in  some  diseases,  and  Tarclieu  seems  inclined  to  support  this  opinion.     Tb^ 
iSecretary  of  the  Hyde  Manure  Company  informed  me  tliat  some  of  the  nifii 
apjieaied  actually  1  letter  in  health.     When  the  poudrette  is  de^^omposiiig^  and 
large  quantities  are  brought  into  small  spaces,  as  on  l>oard  ship,  seriona  con- 


i 


♦  Trans,  Social  8ri4»nce  Associatitm,  1M9,  p,  671. 

f  Me«licftl  Ofijsette.  Dfcenili^r  1847. 

i  PftrenlDiitlifitflet ;  Fatiiwiep.    8ee  ildo  Tanlicu.  Diet.  d*Hygifene,  1  iv.  p.  453L     Tiitli«rl 
inl8<J2,  writf?!—"  Wb  do  not  heaiiftt*  to  affirm  tliat  the  exlmlntious  from  thrm  niAnuf«ctori«« 
(voiniis)  exercl^  no  mjuHouif  actioD  either  on  nmn  or  vegetation/'     Bnl  it  mn^t  1h*  rtMtiemb«TV»l 
thfit  tli«»e  places  nre  excelletilly  fronductetl ;  ventilation  is  good|  and  tbe  fascol  matter  is 
aalijeetad  to  pn>cease«  whirh  prevent  its  decomposittoiL 

I  Eyg.  Puljlique,  t.  ii.  p.  2i6. 
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WBCfuaeniom  nmj  certainly  result  Parent-BucMtelet  reconla  two  casea  of  out- 
lirolcs  on  boiud  ships  canying  poinlrette  whieh  fennenlf d  on  the  voyage ; 
wkI,  the  *'  Arthur,"  lost  hiilf  her  crew  (luimljer  not  known),  and  the 
wen  tn  a  state  of  deplorably  health ;  the  lutni  who  ynloadeil  the  cargo 
tlmt  affbcted.  The  symptoras  are  not  recorded,  hiit^  in  a  sniiilkr  vessel, 
t  all  on  board  (5)  were  similarly  attectetl,  the  disea^  put  on  the  apptiar- 
I  of  *^ an  adyiiamic  fever,"  There  was  intense  piin  of  the  hea*l  and  of  all 
€ha  Umlia,  vomiting,  great  prostration,  and  in  two  cases  great  diarrha'a. 
Thaw*  &ympu>ms  ar^  very  simUar  to  those  already  mentioned  as  produced  in 
tlie  child wu  at  Clapham  by  the  oj)4?ning  of  a  privy, 

(h)  The  Air  of  Graveyards, — There  is  some  evidence  that  the  disturbance 
of  even  ancient  plac-es  of  sepulture  may  give  rise  to  disease.  Yicf^  d'Azyr 
Iiefm  to  an  epidemic  in  Auvergne  caused  by  the  opening  of  an  old  c"^m<?tery ; 
Ihd  nmoTal  of  the  old  burial-pUce  of  a  convent  in  Farb  produced  iEnea^  in 
thm  inhabitants  of  the  ailjoming  houses.*  In  India,  the  cant^^mnent  at 
Sukkur  was  placed  on  an  ancient  Mussulman  burial-ground,  and  the  station 
was  xnoel  nnhealthy^f  especially  from  fevers. 

The  eHect  of  afiluYia  fiom  cojni>aratively  rec<?nt  putrefying  haraan  bodies 
hfts  been  obeenred  by  many  writers.  Kammazziui|  sttites  that  sextons  enter- 
tug  piaoea  where  there  are  putrefying  corpses  are  subject  to  midigniint  fevers, 
as|»hyxia,  and  auflbcating  catarrhs ;  Fourcroy  remarks  that  there  are  a 
thooaand  Lnstances  of  the  pernicious  etl'ects  of  cadaveric  exhidiitions ;  and 
Tafdieng  has  collected  a  very  considerable  niiml>er  of  cases,  not  only  of 
jMfkhjxia,  but  of  several  febrile  affections  produneil  by  exhumations  and  dis- 
turbanoe  of  bodies.  >Ir  Chadwick,||  and  the  General  Koani  of  Health, f  have 
also  summed  np  the  recent  e^adence,  which  shows  that  in  churchyards  thickly 
CRTwdid  with  dead,  vapours  are  given  olf  which,  if  not  productive  of  any 
mpmoBc  disease  yet  increase  the  amount  both  of  sickness  and  niortahiy.  In 
maOB  instaooee,  this  may  be  from  contamination  of  the  drinking  water ;  but 
in  oilier  cans,  as  in  the  houses  bonlering  the  old  city  graveyani,  where  the 
water  was  supplied  by  public  companies,  the  air  afeo  must  have  becm  in  faidt. 
In  the  houses  which  closely  bordered  the  f»ld  city  yards,  which  were  crowded 
with  bodies^  cholera  was  very  fatal  in  1849,**  and  1  wa»  informci]  by  some 
pcaditionerB  that  no  teases  recovert^it  I  was  also  informed  tliat  all  other  dis- 
tmmm  in  these  localities  assumed  a  very  violent  and  unfavourable  type.  Hirt 
saja,  on  the  other  hand,  that  when  gravediggers  are  protected  from  the  acute 
elTeeta  of  (»rbonic  acid  their  calling  is  not  imhealthy. 

(i)  ^Uimafrom  Decompming  Animah* — On  this  point  there  is  some  dis- 
crepaiiey  of  evidence. 

In  ISIO,  Deyeujt,  Parmentier,  and  Pariset,  gave  evidence  to  show  that 
the  workmen  in  knackeries  are  in  no  way  injured  Partrnt-DuchHttdet,  from 
hia  eacamination  of  the  health  of  the  men  employed  at  the  knack«'ry  and 
elaagbter^hoiise  at  Montfaucon,  came  idso  to  the  cunelusiun  that  their  health 
was  not  affti>ictecL  It  should  be  mentioned  that  this  knackery  is  remarkably 
well  placed  for  ventilation,  and  is  excellently  conducted ;  putrid  remains,  in 
the  p?n|xT  sense  of  the  woril,  do  not  now  exist  in  any  knackery  in  or  near 
Puis ;  the  workmen  are  well  paid  and  well  fed,  and  are  therefore  prepared  to 
'  the  eifect  of  any  injurious  efllnvia.     It  has  Ijeen  stated,  howe^^er,  that  in 


_  ♦  T^iitftt  Diet.,  <rBrgi^ne,  i.  p.  517. 
*  4  Kurmiui  Cbev«r»,  Europ 


ope*Q  Scrldieri  in  India,  p.  401. 
T  MskOiM  dM  JkriiniM,  p.  71. 
I  IMeL  d*ayjptoc,  \Sti%  t  Ml  p.  4<S3,  ei  §02* 

I  BMWit  on  tnti-rm^'tii*  til  Towtti,  IF  Report  on  EitTamural  8epuUun>,  1S50. 

**  i  telth,  Q  ij'L'fl  Eeporti  on  Extronjural  Iut«nuuat,  p.  12.   ^«  abu  8ulli«r1aiid'» 
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rtie  HAt&l  Dieu^  the  patients  used  to  siiffer  when  the  wind,  londud  with  i 
Mew  from  IV[oiitfau<.'oii  (iifiiry  Bennet).  Tawiieu^  fruin  a  lat^  reH3x«DiiiiitM  I 
ol  tbe  quPstioD,  cfnitimis  Parent's  concliisians,*  exC4*pt  asmgards  gUuadfffiffi  I 
maligimnt  pustule^  touching  which  Parent-DuchAte let's  evideoea  was  «»  nni  I 
negative,  Tardimi  {t.  iv.  p.  468),  however^  states  thftt  many  exAm|^«jBJ 
in  the  French  knaekeries  of  the  transiniflsion  of  these  diseasea,  ihoDghglii^H 
find  farcy  are  hss  fiLMjuently  caught  in  knackeries  than  in  stahiea.  1™ 
analysis  has  yet  been  made  nf  the  iiir  of  knackeries.  I 

Piirent-Ducliatelett  ie  often  also  qiiot<?d,  as  having  proved  that  the  e3tp«ffl  I 
of  the  remains  of  4000  horses  killed  in  the  buttle  of  Paiia  iii  1814,  pniihuad  I 
no  bid  elTet'tiS.  The^e  horses  were  kiileti  on  the  30ih  March,  antl  were  bonrt  I 
on  the  lOth  and  12th  of  April  They  gave  out  **une  odeur  inft?ctt;,"  whift  I 
pnxlueeil  no  had  re^idts  on  those  who  ctjUected  the  iMKliee.  Parent-Ilucb&lilil  I 
inquiivd  partieidarly  whether  typhus  was  prtMliiced  by  the  eiHiivium,  mim 
ppived  that  it  was  not ;  a  conclusion  a>nforroftl>le  to  our  present  doctim  I 
He  did  net,  however,  do  more  than  examine  the  re^istens  of  deatluf  for  ik  I 
three  years  before,  during,  and  aft4?r  the  haUk%  and  found  no  eiidence  til  1 
increased  mortality.  The  utmost  this  observation  shows  isi,  that  no  ty|Jsffl  I 
was  pro<iured  ;  and  that  the  amount  of  decomposition,  caumm.1  by  ei<-ven  <l»n  I 
of  hot  weather,  ditl  not  affect  those  ooncenied  in  coUeeting  and  biumog  iki  I 
bodies,  I 

On  the  other  hand,  the  experience  of  many  campftigiis,  where  soldienlitffv  I 
been  e£[M.>sed  to  the  priKluets  of  au  advanced  putrefaction  of  horses,  alaglJ 
thtt  thi^re  is  a  decided  intlueiice  on  health.  Pringle  especially  noticed  ifjU 
and  in  many  suhniquent  campaigns  this  condition  has  been  one  of  the  cdH 
of  insalubrity.  Diarrha'a  and  dysentery  are  the  principid  disQaaea;  baliD] 
atlecttions  are  increased  in  severity.  At  the  siege  of  Scbajstopol,  wh<T^  mlkl 
French  camp,  a  great  number  of  bodies  of  horses  lay  putrefying  on  the  gtoood*  I 
KeynalJ  describes  the  effect  as  disastrous,  and  even  t  onjectnres  that  theffpnai  I 
of  typhus  was  connecter!  with  this  condition,  thoagh  this  is  unlikely. 

(/i)  Air  of  Brkkjiekh  ami  Cemevi  T^WAv. — The  peculiar  smell  of  brick- 
fiekls  cannot  lie  owing  b>  carbonic  acid,  carbonic  oxide,  or  to  hydrmsulpburir 
acid,  or  8nl[»hurous  acid  (the  gases  evolved  fn^m  the  kilns)  ;  but  its  exKl 
cause,  I  belie \'e,  is  not  known.  The  air,  at  its  exit  frcmi  the  chimney  ^i 
furnaces  antl  kilns,  is  rapidly  fat^d  ;  but  so  rdjiid  is  its  ascension,  dilution^  lod 
diffusion^  that  at  a  little  distance  it  is  respimble.  In  almost  all  the 
against  the  owners  of  hrickfitilils  nothing  more  than  a  nuisance  has  been  < 
lished.  The  smoke  and  gfises  fi-om  cemtmt  works,  howt^ver,  dei5trL>y  neij^hhoitr 
ing  vegetation.  The  smeU  can  lie  pereeiveil  for  several  hunrinid  yaid&§  Itt 
the  north  of  France  it  is  ordered  that  no  kilns  shall  bo  within  50  metz^es  (54j 
yanls)  of  a  public  road ;  ami  the  kilns  are  lightetl  only  at  night. 

(/)  Air  of  Ta!iotV'7Ji4tkerSj  Bmthurmrs^  drc. — In  itutny  trailes  of  this  kifld 
lai^e  quantities  of  very  disagreeable  animal  vapouns  are  jirodnoeti,  whieh 
spread  for  a  long  distance,  and  are  most  disagreeable.  Although  a  nuiflaiio^ 
it  is  dilhcidt  to  bring  forward  pofiitive  evidence  of  insahdirity.  But  the 
odour  is  so  Wl  that  in  Fmnce  rulea  are  in  force  to  oblige  the  vaj^ouis  to  be 
condensed  or  Gonsnmed,||  and  if  in  the  pTOoess  any  water  is  contaminated 
with  fatty  acids,  it  is  neutralised  with  h'rac,  M*  Fouct^'n  has  figured  an 
apparatus  wliich  comjiletely  hums  tlie  animal  vapotur&U 

•  TMct  d'Hvffifcne,  t  iv.  p*  46S.  f  Diet.  d*HygJ^.8»  t  i.  pv  47. 

*  Tanlrcn,  Diet.  ifHygi^ne,  t.  iL  p.  221. 
g  At  South  am  ptou  tlin  Amell  if  perceptible  nt  more  than  a  mile. 
II  Vernoia,  Hygiene  Indmtriell©,  t.  fi.  p.  60. 
%  PapjMiulieini's  Btit,  der  Banitjut.  Pol.  Hi;ft.  IL 
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(ipi)  ^iV  of  MmrnSh^K — ^It  ««©m8  ecurcelj  iit*ces8ary  kt  allutk^  to  this  piiiiit, 
cxcf^it  to  iioticti  thut,  ill  Atldition  to  paroxysmal  fevers,  it  larift  lrK?en  suiijk»«5<1 
UuU  diffiMis  duurhti^A  (u  sc^rt  of  tlysenteria  intTucnIa)  aini  true  Moody  dysentery, 
•in  prediierHl  by  m/iUrin,  Also  tJitit  there  is  ix*rhA|)s  .some  coniiection  with 
fr^Hrn  nod  liver  i^beceas  (?)<  The  hn^ithin^  of  umrsl)  iiir  hIho  im\y  prcHtuco 
MB  inperfeiel  condition  of  nutrition,  in  whirh  etjlai^'ed  spleen  plays  a  pro- 
laiiwitl  \m^  and  Ihe  tn^ui  duration  of  life  is  sbort4^ne<L 

(n)  l7Ubi9flnM  Ctmditiom  of  the  AtmfV!^)/ten\ — Oc ca^ionally»  atitbreaks  of 
diMM  oacur  fmm  impurities  of  the  atuiciephere,  the  imtTU'e  of  whicli  is  not 
hnnmm,  though  the  cauaes  giving  rise  to  tliem  niiiy  Iw  oljvious.  Ur  Miyer* 
ivcoidft  •  flue  of  a  etchcKtl  at  Ulma,  of  sixty  or  eeveiUy  l^jy*,  where  thu  p-eater 
mmalier  wrre  suddenly  uffecte*!,  on  a  wanu  day  in  Mayi  with  similar  symp- 
iomi— giclditiess,  headache^  nausea,  jihiveriiif?,  trembling  of  the  limlis,  eome- 
I  UiUiag.     The  attack  ix'-f.^urre«]  a^iu  the  next  day,  and  a  common  cause 

I  oifteui*  Tlie  nnmi  wm  enelose*!  hy  walla,  in  a  narrow  sjiace,  where  tho 
■  had  lam  all  the  winter ;  the  wall  was  wvered  with  ftiugous  vegetation, 
axiil  viih  «alta  from  the  mortar.  From  the  sudileu  enti-anco  of  warm  weather, 
had  set  in,  and  a  strong  njai-Bhy  smell  wai*  prodm:x*d  ;  the  sub- 
» cil  whataYcr  kiml  generat^Hl  in  this  way  accumulatetl  in  the  narn:>w, 
ill  Tintiktoit  wpm^     liemoval  to  a  healthier  locality  at  onc«  cured  tlie  disei^se* 


SECTION  DL 
PUKinCATlOK  OF  THE  AIR  BY  CHEMICAL  METHODS. 

Thm  gnst  porifying  actiona  of  Nature  are  ditTuMion*  dilution,  tninsfeiimce 
hy  vn^^^'^  ' '^Matioii,  and  tho  fall  of  rain*  In  housee  the  j>owor  of  ventilation 
b  ikh  •  meth«xj,  but  aome  effect  can  lie  produced  by  cheiniail  agencies 

m  aifi  ot  vi^iiukiion. 

Hw  iovejgp  maticrs  in  the  air,  which  can  be  I'emoved  by  chemical  means, 
mn  attbunw  mvl,  Hulphurstted  hydrogen,  ammonia  (usually  in  the  form  of 
mmmtmamm  ■ujphiile),  and  varioua  oiganie  substance^^  arising  in  an  infinity  of 
wa^rv,  9ome  hdn^»Hiorous,  others  not,  and  of  the  physical  and  chemical  luitur© 
ol  which  litUc  or  nothing  ia  kunwn.  Air  puriliers  ax^  alaii  used  to  check  tho 
^KfWth  of  fuBgotd  or  ioftUKirial  organisms.  They  are  uae^l  in  the  form  of 
aolidi  or  ef  liqtiida,  which  may  abaorb  the  substances  from  the  air,  ot  of  gases 
whldk  naay  pass  into  the  air,  and  there  act  on  the  gaavs  or  molecuhu-  inipuri- 


(itt)Shlid  Air  PitrtJtJ^rii. — Dried  eiirth,  quicklime,  charcoal,  and  calcium  and 
nMgftNnotil  isftrholat«^  (]>heuatea),  a  mixture  of  lime  and  ooal-tar,  are  the  must 

Of  ihum  chnrcoul  ia  the  most  effectuaL  It  presents  an  immense  surface, 
I  a  Ti^  cxtmtirdinary  jiower  of  ae]-»aratin^  and  ahaorbing  gases  and 
\  from  the  atmospherB  (Sennebier,  quoted  by  Chevallier,  "  Traite  dee 
p,  146,  and  A.  Smith),  and  oxidises  mpidly  almost  every  substance 
\oiiL  lt»  action  is  not  indisi-riminate,  but  elective  (A*  8niith) :  when 
which  has  aljsortei  oxyK*»n  is  warmed,  it  gives  off  carbonic  acid  (A, 
k)^  a  pioof  of  its  great  oxidising  power.  ExfKjsed  ti>  tho  air  in  bags  or 
Attlliiw  tans,  Its  action  is  rapid  and  |»ersiatent ;  its  etlect  is  es[iecially  niarkctl 
with  srw^^  gwesi  and  with  the  organic  emanations  in  disease.  It  also  absarbs 
E^iphnrcttod  hydrogen.  Its  power  of  purifying  air  from  organic  omanatiofifl  is 
rmiij  gl«at,  and  can  be  employed  in  hospital  wanis  with  advantage. 


*  OvHUii*!  JahrMb.  186%  vol.  ii.  p.  32. 
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Of  the  differont  kinds  of  eliarcoal,  the  animal  charcoal  has  the  higha*t  T^^y^ 
tion,  and  tlien  pent.  But  thu  c^ir1x.*n  left  in  the  distillation  of  Bogbead  ooi 
has  bt!en  stated  to  be  even  better  than  animal  charcoaL  If  rentable  chuRB 
}ye  used,  it  should  he  rathiir  finely  powderf  d.  The  disinfectiDg  qu&lrtif»  *f 
chare L>al  on  air  scarcely  lessen  with  tiine  if  the  charcoal  be  kept  dry*  Cbinm 
lik-et«  to  be  placed  l>efore  the  mouth  haye  been  recommended  by  Stenho^ 
nnvl  might  be  useful  in  wlscjs  of  very  impure  air.  Dried  mnrly  eiuth  is  ond 
inferirjr  to  cbart!r>al,  but  still  cnn  be  employed  in  the  abeence  of  the  kiter. 

Quicklime  Hbsorl):^  carbonic  acid,  and  perhaps  compouudb  of  sulpfaof^  mi 
has  been  employed  fr>r  tbat  purpose. 

Lime  and  magnesium  carbolates  have  been  also  u»t?d  :  their  exact  efStd  m.^ 
the  air  pasHing  over  them  m  not,  I  believe,  known;  but  as  ihe^y  give  off) 
bolic  acid,  their  action  may  be  chieBy  in  that  way. 

(h)  Liquid  Air  Purijien*. — Solutions  of  jKitassinm  penjiangauate  (Condf^ 
iluiil),  zinc  chloride^  and  lead  nitrate  are  soraetimeB  used,  being  either  t: 
in  ilat  dishes,  or  cloths  are  dipi>ed  in  the  solution  and  exposed  to  the  air. 
act  only  on  the  air  which  e^jmea  in  contact  with  them,  but  in  that  way 
a  goo<l  deal  of  impurity.     Conily's  iluid^  when  %rell  exposed  to  the  air, 
to  have  a  gtxid  purifying  elieet,  ami  to  lessen  the  close  smell  of  ill-renl 
rooms,  and  it  absurljs  sulphuretted  hydrogen,  and  so  will  also  solution  of 
of  leaiL 

Lime  and  soda  chloridea,  nitroua  acid,  golution   of  sulphurous  add, 
roligneous  acid,  act  on  the  air  chiefly  or  entirely  by  the  gases  which  pa» 
from  them,  ami  their  e fleets  are  considered  nnder  that  head.  ~ 

(c)  Gdheouji  Air  Purifiers. — The  evolution  of  gases  into  the  air  is 
powerfid  means  of  i>urifving  it  iiide]>endent  of  yentilatiou.      The  p 
gase^  are  ozone,  chlorine,  iotline,  hitimine,  nitmiiB,  sulphui'ous,  and  hyi 
acid,  carbolic  acid,  tar  fumes^  acetic  acid^  ammonia. 

Ozone, — It  has  been  propi^sed  to  disengage  ozone  cnnatantly  into  the  air 
a  ronm^  by  heathig  a  jilatinmn  wire  by  a  Bunsen  cell '  by  half  immensiiig  i 
stick  of  pho8|>horus  in  tepiil  water  in  a  wide-mouthed  bottle  ;  or  by  miiiJig 
very  gra*liially  3  parLs  of  strtmg  sulphuric  acid  and  2  parte  of  p«miangiiii^ 
of  potaijaiiim.  This  last  method  i^  that  used  by  l>r  Fox.*  The  amount  of 
ozone  can  be  measuivd  by  the  common  ozone  paper,  and  the  etopper  put  in  if 
the  tint  is  too  deep.  It  is  presumed  it  wiU  then  act  as  a  powerful  oxidift- 
ing  agency,  and  destroy  organic  matter,  as  it  certainly  removes  the  patni 
eihuvia  of  deeom|iosing  blood  (Wood  and  Bichardson).  It  has  bean  mwk 
used  by  Dr  Motfat  in  cholera  autl  cattle  plague, 

Vhlorim, — Given  oti'  from  chLiride  of  lime,  moistened  with  water,  or  with 
dilute  sulphuric  acid,  and  placewl  in  shallow  vessels,  or  fnun  eldoride  of  «f^ 
or  evolved  at  once.  Four  parts  by  weight  of  strong  hydrochloric  acid  an? 
poured  on  one  jjart  of  powdered  bin  oxide  of  mangane^se,  or  four  ports  of 
common  salt  and  one  jmrt  of  binoxide  of  mangana^^e  are  mLjce^l  with  two  purti 
by  weight  of  sulphuric  acid  and  two  of  water,  and  he«te«l  gently.  According 
to  the  size  of  the  room,  the  actual  weight  of  the  substancci?  taken  mu«t  \Tiri', 
Or  two  t^ble-spoonfnJ#«  of  c/uumon  sidt,  two  tea-spoonfuls  of  red  leail,  half  i 
wine-glassful  of  sidphuiic  acid,  and  a  quart  of  water  are  taken.  Mix  the  lew! 
and  salt  with  the  water,  stir  well,  and  add  the  sulphuric  acid  gradn  T 
CUorine  is  evulved,  antl  is  alisorbed  by  the  water,  from  which  it  is  sj 
driven  out.  It  may  be  kept  in  a  jar  or  stoppered  bottlo,  left  open  as  occaaiim 
may  rei|uire+. 


•  Ozone  aiMl  ADtozorn*^  p.  25. 

t  Medlook'M  Pkocoiii  ot  Pliiu-uincy  and  Tli«nipeatiw,  ISSS,  p.  20. 
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Chlorilie  deefttHpOMs  sulphiiretfeed  hydrogen  and  ammonium  sulphide  at 
mid  moru  certainly  than  any  other  gas.  It  douhtlesa  destroys  organic 
nistler  in  the  «ir,  a»  it  bleaches  organic  pigments,  and  destroys  odom^f  either 
hr  wh^timddog  hydrogen,  or  hy  indlFectly  oxidising.  Enchlorii^e,  a  mixture 
of  chloronii  acid  and  free  chlorine,  obtained  by  gently  heating  (by  placing 
the  flaucer  in  warm,wat4*r),  a  mixture  of  strong  hydrwhli  iric  acid  and  potasainm 
diXorale,  haB  been  alao  used  instead  of  pure  chlorine.  It  haa  been  strongly 
vecoBUMndad  by  Professor  Stone  of  Manchester,  who  htiB  devised  a  special 
for  its  disengagement  He  also  iises  it  by  plnring  fuming  hydro- 
icid  in  a  wine-glass,  and  a*lding  a  few  gmina  of  clilorate  from  time  to 
time.  In  that  way  there  is  no  danger  of  explosion,  as  sometimes  is  the  case 
if  a  large  quantity  of  chlorate  is  warmed  with  hydrochloric  acid  The  odour 
of  fuchlorine  is  more  pleasant  than  that  of  chlorine ;  it  acts  as  rapidly  on 
iodide  of  potassium  and  starch  paper,  and  api>ears  to  have  a  aiuular  action  on 
orgnnic  aulistances ;  whether  it  is  superior  or  inferior  topuro  chlorine,  I  do  not 
know,  but  the  ease  of  development  and  its  pleasanter  smell  are  in  its  favour, 

Itj¥Hf}e  can  be  easily  ditfused  through  the  atmosphere  by  placing  a  small 
quantity  on  a  hot  plate.  J)r  liichanl^n  proposes  to  saturate  a  solution  of 
jteruxide  of  hydmgen  with  ioiiine,  and  to  add  2|  percent  of  sea-nalt ;  by 
*«at0mkiQg'^  or  **  pulverising  "  the  fluid  by  the  little  instniment  used  for  this 
pitrpoaa,  tlui  air  can  be  charged  with  iodine  and  aea-salt  e]*ray  very  readily. 
Iodint»  will  decompose  8H^  and  de^trtiygi,  tberefnrej  mnch  odour.  Its  action 
wan  inyc«iignted  by  Dnroy  in  1854^*  who  showed  that  it  is  a  jjowerful 
arreetcT  of  patrefaction.  As  it  condenses  easily^  and  ik^s  not  diiluse  every- 
where like  chlorine,  it  might  be  exjmcted  to  be  less  neefui  tlian  chlorine. 

Bromimt* — In  the  American  civil  war  bromine  was  rather  largely  used  as 
all  aerial  disinCectant ;  a  solution  of  bromine  in  bromide  of  potassium  is 
filaodd  in  ancers  and  exposed  to  the  air ;  the  vapour  is,  however,  very  irrita* 
ting,  and  should  not  be  disengaged  in  too  large  an  amount, 

NiiromM  Add  can  be  evolved  by  putting  a  bit  of  copper  in  nitric  acid  and 
a  little  water.  The  nitrogen  dioxide  which  is  given  oti*  takes  oxygen  from 
the  air,  and  red  fumes,  consisting  chi*_'fiy  of  nitrogen  tetroxide  or  nitrous  acid 
^1^^^*  are  formed. 
The  axidii*ing  action  of  nitrous  acid  is  very  great  on  organic  matter.  It 
th#  smell  of  the  dead-house  sooner  than  any  other  gai?.  It  is  rather 
to  the  lungs,  and,  in  some  persons,  large  quantities  of  it  cause 
Totlgo,  naiiaea,  and  even  vomiting.  If  possible,  when  it  ia  uf^ed,  the  rooms 
ahoiild  be  cleared ;  if  not,  it  shoidd  be  disengaged  slowly,  which  can  always 
be  done  by  diluting  the  nitric  acitL 

The  action  of  nitrt>us  acid  residts  from  the  ease  with  which  it  parts  with 
f^xygen  Uj  any  oxidisable  sulietanee,  being  converted  inttj  nitrogen  dioxide, 
which  again  at  once  combines  with  atmospheric  oxygen,  and  my  ou, 

Sulpkurous  Acid, — Most  eaaOy  evolved  by  burning  sulphur.  It  decom- 
^<pcian  sulphuretted  hydrogen  (SUj  +  SSHg^SS  +  ^iUli^),  and  also  combines 
^^Kriih  mitnumisL  It  has  also  been  sujtposed  to  act  powerfully  upon  organic 
^BniiiieT  (Graham),  and  probably  doe^  so  if  ammonia  is  not  present  (Tiiyton- 
^fk>-Morveau  who  studied  the  action  of  this  acid^  wtis  of  opinirm  tliat  it  com- 
^plctely  diflinfecta  miasms,  and  gives  some  evidence  on  this  point.  It  must  be 
need  in  large  quantity. 

Hjfdrochiorie  Acid. — Tlio  funies  of  this  acid  were  naed  by  Gviyton-de- 
L^Monreau,  and  at  one  time  tht^y  were  much  employed,  but  the  action  of 
■■dilortne  iM  BO  mach  more  powerful  that  they  are  now  seldom  used 


•  Ghcvatlier,  TraftJ  dei  D^infeet.  p.  1». 


138  AIB.  ■ 

Carbolie  Aetit — This  subfitance  is  given  off  ^hen  solid  mrliolic  idi»H 
pljii'cnl  ill  a  Bauctr,  or  when  the*  liquid  acid  and  w«ti?r  nr©  aprmkied  aIxioI^ «fl 
still  better,  when  one  jiart  of  the  acid  aiid  two  of  ether  are  Alloved  tUBH 
porate.  It  Ls  diiticuit  to  measure  its  oction,  as  it  decotnpisaes  *i>^*>'l|^^| 
fwjtassiiim  y)ermtiiiganatc%  which  caniiot  therefore  be  used  ao  %  meman^H^M 
oTgiitnc  iiiipiirity  o(  air  whee  carl-Milic  stiid  va|K>iii8  are  pa-esenii.  ■ 

iJr  8an»rnii*  hi\A  Bhown  thut  when  the  «cid  evajwratea,  1  gndn  of  onbollfl 
acid  18  tuhm  n{\  at  different  tem})eralui«fiv  %  ^^^  foilowing  ajnounti  ol  m^M 
viz.,  by  3:20*75  cul)ic  inches  at  50"  Fahr,  by  159*44  cubic  inchts  itSlTfl 
yaliT.,  find  by  93*75  cuhie  inches  at  70"  Tahr,  Vaj^Miiioers  for  carbr»lic  leill 
hmit^  liave  lieen  made,  by  me&ns  of  which  carbolic  acid  falls,  dit>p  hrda^B 
(in  a  hot  met^d  plate. f  I>r  LanfTstafi:^^  has  iin'ented  a  trough,  ci:iiitaiiuq|l 
llannel  wette<l  with  water  and  carl»olic  acid  (1  part  of  acid  and  20  of  ltaia|B 
which  is,  placed  iu  the  iidet  ventilating  tubes ;  he  tind^  that  at  a  teiiipeimllli4fl 
57**,  four  ounces  of  watATure  taken  up  in  *24  hcmrs,  and  tkis  will  keep  thsan 
of  a  r«x>m,  22  feet  x  It)  and  11  feet  idgh,  thoroughly  impregnated  wiJ^lH 
odour.  Carbolic  acid  conceals  all  odoiini^  though  it  will  not  destroT  a^^^| 
retted  hydrogen  if  it  exists ;  it  lessens  the  rapidity  of  putrcfactioiL  of  ni^| 
sulist^tnce-s  su8pt»ndcri  in  a  rot*ni,  ami  they  also  ilry^  faster,  ac4X>rdiiig  to  I^V|H 
etafl".  It  also  rapidly  arrests  the  growth  of  fungi,  though  it  will  iioI^mH 
pletely  destroy  them ^  for  ezanii>le,  I  put  mm^  ives\i  facal  mattei;  fM^^H 
urine,  in  a  lx>ttle,  and  drew  air  washed  in  strong  sulphuric  acid  o^^^H 
fungi  ap]]i'ared  rapidly  on  the  fiecal  matter.  I  then  ]ia^cd  air  tmp>^ci^^^| 
with  car)  >L)lic  acid  over  the  fungi ;  they  become  discoloured,  browma^^^H 
apparently  di^i ;  Init  4>n  again  sulistituting  washed  air»  they  reriTBiL  ^^m 
mpid  ilestnictii>n,  and  the  as  rapid  reeovery  and  regrowth,  cotdd  be  rufiiiMH 
many  tiiueA,  and  showed  that  the  curl  h  die  acid  air  had  witJief^  witlMllI 
actually  killing  thu  fungi,  1 

Tli«3  small  growing  cells  susjwmkHl  in  the  air  are  also  stopped  in  tiitff  ' 
growth  {according  to  Trautman) ;  and,  in  ftict,  the  action  tif  carbi>Uc  ■cid 
juay  l>e  said  to  Ixs  restraint  of  putrefaction  and  limitation  of  growth  of  lot 
forms  of  aerial  life.ij  The  exact  mode  in  which  it  acts  is  unccrtaiiL  Whm 
in  Rome  quantity,  it  coagulates  albumen;  and  it  has  been  suppoecd  to  he ia 
thiR  way  that  it  restmins  put I'ef action.  || 

A  mixture  of  1  part  of  carbolic  aciil  and  9  of  vinegar,  and  a  little  oampbac, 
has  been  used  as  a  disinfectant  in  cabins  on  Imard  ship. 

Coal-tar  mid  Bitumtm  Fumes. — Tkie  is  an  old  plan  much  u^ed  in  the  lart 
century ;  the  fumes  contain  carbolic  and  crc*eylie  acids  with  other  sultstancKr 
and  it  is  ]>re8iimed  have  the  ft:ime  eirect  as  carlwlic  acid.  The  sufaslaMi 
employed  by  Silvern,  ami  which  has  at  present  some  reputation  in  G^ema&T, 
owes  its  Bui?cess  as  an  airpuritier  to  the  fumes  of  coal-tai\ 

Vinegar  ami  Ammonia. — The  TajHmr  of  vinegar  is  an  old  remedy^  and  wm 
much  em|doyed  by  llowani  in  the  purihcation  of  jails;  the  eflicieni  agesU 
were  prtdtably  heat  and  ventilation,  which  Howanl  made  use  of  at  the  aame 
time.  The  vinegar  wonkl,  of  course,  neutralise  any  ammouiacal  vapoujs 
which  might  iie  in  the  air;  whether  its  action  would  extend  beyond  this  i^ 
doubtful.  H 

♦  The  AatiMpMc  Syitcrn,  by  A.  R  Satiiwwn,  M.D.,  1871,  ju  16. 
+  Savory  aim  Moore's  vaporiRiT  is  flpnr^l  \tj  Sansom, 
I  Hospinvl  Hygrfwie,  by  tTiurki*  IjiapiUli;  M.D.,  1872,  p.  SSk 
S  LetiiiLirc>  t>fiokes,  Haajom*  jukI  others. 

If  Variolic  oilier  hyilroj^ftrhoas  probably  art  in  Ibe  same  way,  n\  fcir  Instiinpe,  the  terelME&e  jiio» 
pomd  by  Dt  Bond  of  Olouce»t«r, 

^  liinrty  prrlinps  delay  puti^ef action  tad  tlte  growth  ofniinate  organismB. 
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The  Tapour  of  ammonia  would  not  a  priori  seem  likely  to  be  a  purifier, 
though,  as  it  reatraina  decomposition  in  solid  matters,  its  vapour  may  have 
an  effect  in  the  air. 

It  will  he  observed  that  the  chief  gases  attacked  by  the  air-purifiers  are 
sulphuretted  hydrogen  and  ammonium  sulphide,  which  are  easily  destroyed 
by  several  agents,  especially  by  chlorine,  iodine,  and  8ul])hur()us  acid  gas. 

The  opinion  that  the  floating  organic  vapours  or  molecules  of  whatever 
kind  in  the  air  are  destroyed  by  the  air-purlers,  has  been  hitherto  derived 
not  from  direct  quantitative  determination  of  the  organic  matter  before  and 
after  the  action  of  the  purifiers,  but  from  their  influence  on  odours  and  on 
other  dganic  sahstanoes  where  their  action  is  more  easily  followed.  But  the 
analcgical  eTidence  is  so  strong  that  we  can  have  little  doubt  of  the  reality 
of  tbeactaoiL 

The  mode  of  action  of  the  air-purifiers  may  be  conceived  to  vary.  Ozone 
and  nitrons  acid  will  directly  oxidise  all  substances  which  can  be  so  acted 
upon.  Chlorine  may  act  by  substitution  for  hydrogen,  or  it  may  take  hydro- 
gen and  oxidise  indirectly  by  liberating  oxygen ;  bromine  and  icnline  may  also 
take  hydrogen  in  the  same  way.  Sulphurous  acid  more  probably  deoxidizes 
and  forms  snlphnric  acid.  In  other  cases,  it  seems  probable  that  neither  sub- 
stitution nor  oxidation  nor  the  reverse  takes  place,  but  that  the  action  is  one 
of  restiaint  of  putrefaction  and  of  limitation  of  the  growth  of  cryptogamic  life. 
At  least  this  may  he  inferred  from  the  experiments  of  Crookes,  Lemaire,  and 
others  on  the  action  of  carbolic  acid  on  low  forms  of  life  growing  in  liquids. 
In  practically  carr^'ing  out  aerial  purification,  great  care  is  necessary  to  ensure 
that  the  gas  or  vapour  is  difiiised  everywhere  through  the  room,  and  that  it  is 
constantly  present  In  a  sick-room  the  vessel  from  which  it  is  disengaged 
should  be  some  little  distance  above  the  bed,  or,  in  some  cases,  underneath  it. 
In  hospitals  with  inlet  tubes,  it  should  be  in  the  inlet  tubes ;  whatever  be  the 
agency,  there  should  be  a  slight  odour  always  perceptible.  In  the  purification 
of  empty  roon^  all  apertures  should  be  closed.     (See  chapter  on  Disini  ec- 

TI05.) 


CHAPTER    in. 
VENTILATION. 

The  term  ventilation  is  not  alwa ja  used  in  tlie  same  sense.  By  some  !i 
a|»i>lifd  to  the  dilution  and  removal  of  all  impurities  which  can  collect  in  I 
air  of  inba}>iti>d  rooniB,  The  moat  common  causes  of  such  impurities  are  tb€ 
respiration  and  cutaneous  transpiration  of  men,  the  products  of  combustion  of 
HghtSj  the  etlluvia  of  simple  uncleanlincss  of  rormis  or  persons,  the  piodncti 
of  the  solid  f  »r  fluid  excreta  retained  in  the  room,  or,  ia  hospital,  discharges  from 
the  body  or  frtmi  dressings.  In  addition  there  may  ha  special  conditions 
which  allow  impure  air  to  flow  into  a  room,  as  from  the  basement  of  a  hcmm, 
or  from  impurities  outside  a  house. 

It  will  l>e  desimble,  however,  to  re^strict  the  t^rra  ventilation  to  the  removB!^ 
by  a  stream  of  pure  air,  of  tlie  pulmonary  and  cutancotis  exhalations  of  men, 
and  of  the  products  of  combustioo  of  light.s  in  ordinary  dweUings,  to  whii" 
must  be  atlded,  in  hospitab,  tlie  additional  eflluvia  which  proceed  from 
pcrsiins  a!\d  iliseharges  of  the  sick.     All  other  causes  of  impurity  of  air  oug 
to  be  exchnled  by  eieanlinesv%  laroper  removiil  of  soUd  and  iluid  excreta, 
attention  to  the  coiiditiims  surround in:t,'  dwellings,* 

The  subject  of  ventOation  may  bo  conveniently  consiiion?d  tinder  the  follow- 
ing heads  :— 

L  The  quantity  of  fre^h  air  required  for  the  purposes  defined  above. 

2.  Tlie  raoiie  in  which  this  quantity  may  be  supplied. 

3.  The  method  of  examining  whether  ventilation  is  authcieot ;  in  other  woida^ 
whether  the  air  of  inhabited  rooms  is  projierly  pure.  This  will  form  the  sub- 
ject of  a  separate  chapter. 

•  Anny  Ref^ttlaiions  on  Vmtila4iem.—Th&  Bkirgerm-General  or  ]>«pnt7^ui^on-0«iieral  or 
S&uitary  Officer  or  Medical  Officer  of  ft  Corp*  or  Station,  is  directed  T>y  the  Hospit«l  B^m^b* 
tiotts  to  see  that  tliu  ventiiiition  of  harracka,  ^mTxl-rooiDHp  day-rootns,  soboola,  r«aiitng-rooEn^ 
ct^lls,  and  hoHfiitala  is  good,  and  tbat  tLe  number  of  men  in  any  room  does  not  oxoe«d  tlie 
Tw^ulatinii  mniiber. 

The  number  of  men  placed  in  a  bArrack^Toom  or  hospital  ward  is  to  depend  on  tlw 
ajiace. 

Id  pennaneDt  barracks  a  man  is  allowed        .        .        000  cnbic  feet. 

In  wooden  huts»     .         , 4<H1        ,, 

In  hospital  wtirda  at  home TifK)        „ 

,^  »,      in  tliR  tropics,    ....      L'»oO       ,, 

In  wooden  bospitula  at  hoine,         .        ,        .        ,        iHjO        „ 
Tlie  number  of  raeo  in  each  i-oom  i§  ordered  to  be  painted  on  the  dour. 

Before  temporary  hospitals  are  orffani«»*<lr  the  sanitary  or  other  medical  officer  U  U^  considrr 
and  report  on  the  ventilation  as  well  as  other  things. 

The  stirgeon  or  inedioal  ofBeer  in  cha^rge  of  a  regimuDt  is  directed  to  visit  **at  fn^juect 
intervals"  all  liarmekR,  quartersj  hospitals,  cwlls^  married  soldiers*  r|iitrters,  to  note  llwir 
gvneml  sanitary  condition,  iaclnding  vt^ntil^tion.    He  is  also  to  examine  latdnea,  etablei,  Imi 

On  field  service  and  on  transiioi't  ships  the  same  duties  are  eujoined. 

The  most  constant  attention  is  therefore  onlered  to  bn  pn^d  to  this  snbject. 

With  the  exception  of  ordennf  a  oertain  culiic  Hprn^e,  the  Medicsl  Regnl&tions  do  not  fill 
any  specitic  rules  as  to  the  rafce  orehanf^  of  air,  but  the  Re^Kirt  of  the  Barrack  CoimuiiHionen 
fUMlli  orders  that  amuigenienta  be  made  to  supply  at  least  1*200  cubic  feet  per  head  per  bcntr^ 
or,  in  other  worrls,  tbat  the  000  cubic  feet  of  air  shall  be  change*!  twice  in  the  hour 

In  the  Qneen's  Reflations  for  the  Army,  the  ventilation  of  cells,  barracks,  and 
ahipn  is  alno  ordere<l- 

Tlie  rc;^ulatiou4  thus  require  the  medical  officer  to  be  able  to  report  on  the  snffieienry 
otherwise  of  veiitilatiou ;  or,  in  other  wordsj,  on  the  rate  of  movemeut,  and  on  the  purity 
the  air. 
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SECTION   L 

QUANTITY  OF  AIR  REQUIRED. 

I.  Q^iantiiy  required  to  remove  fh«  re^piralory  impuriiies  caused  by 
healthy  persons. 

Tlte  mpuntififl  added  to  the  air  by  rc^piratioB  have  been  already  enumemtod 
(p.  105), 

The  earbomc  acid  which  an  adidt  man  a^ids,  to  the  extent  of  about  ^^tha 
of  A  cubic  fiK>t  in  an  hour,  is  not  within  certain  limits  an  important  impurity, 
but  ti  ia  practically  in  a  constant  ratio*  with  the  more  Lmpr»rt^nt  organic 
iDAltar  of  fMpiration  ;  and,  as  it  ia  readily  determined,  it  ia  ttiken  as  a  conve* 
nient  index  to  the  amount  of  the  other  impuritieat 

Taking  the  carbonic  acid  as  the  measure  of  the  impurity  of  the  air  vitiated 
hf  raspimtion  (and  by  respiration  alone)4  we  have  to  ask,  AVhat  is  to  be 
the  standard  of  purity  of  air  in  d welling-ro<jma  ?  W©  cannot 
that  the  air  of  an  inhabiteii  nxim  shall  be  absolutely  as  jiure  aa  tho 
octtside  air  ;  for  nothing  short  of  breatliiiig  in  the  ofwu  air  can  ensure  perfect 
imniy  al  every  resplratioal  In  every  dwelling-room  there  will  be  some  im- 
purity of  air. 

The  pfortical  limit  of  purity  will  de})eud  on  the  cost  which  men  are  willing 
to  pay  to  it  If  cost  is  disregarded,  an  immense  volume  of  air  can  be  8U|)plied 
hf  HKWiihOTJctl  contrivances,  but  there  are  comparatively  few  cases  in  which 
tkii  ccudd  bo  aDowed. 

Without)  however,  attempting  too  mucli^  it  may  be  fairly  aasnmed  that  the 
qiDUtiity  of  air  anpplied  to  every  inhabited  room  should  he  great  enough  to 
WBrnowe  all  aenaible  impurity,  ao  that  a  |»erson  coming  frtuii  the  external  air 
aiiiNild  perceive  no  trace  of  odour,  or  diiference  between  the  room  and  the  oitt- 
nde  air  in  point  of  freshness.  Taking  the  carbonic  acid  aa  the  index  of  im- 
ptirity^  it  appears,  from  experiments  made  by  I>r  de  Chaumont  and  myself^ 
that  the  oi)^nic  impurity  of  the  air  is  not  perceptible  to  the  sensi^s  until  the 
carbonic  acid  (»>.,  the  initial  and  the  reqiiratory  carbonic  acid)  rises  to  tbe 
mtio  ol  '6  per  1000  volumes,  or  -0006  in  each  cubic  foot     Occasionally  air 

•  1  lav  tl  ii  practtcany  in  a  constant  ratio,  because  it  ia  io  in  perbap*  09  cases  out  of  100, 
fho^A  lam  may  be  exceptional  canet  wfaen  the  organic  matter  may  be  in  exceas.  I  tfaink, 
for  mamti  men,  tae  attiount  o(  0  cubic  feet  per  hour  h  a  very  rlose  approximation.  The  most 
fc  «Xfwriineiii  yet  mail e  it  by  Pettenkofer,  who  in  a  man  lAgenl  28,  and  weighing  60  kilo. 
M  — I321barcUj,  ami  taking  little  rouflcular  exertion*  found  the  carlionic  acid  ju  24 
MPont  to  911*5  gramme*,  or  461  litres  at  (T  oe&L  This  correnpondB  to  *68  cubic  foot. 
ir.  Tbe  aetoal  amouoti  were  0*7d  in  the  day  tinte,  doing  very  Utile  work ;  and  0*^ 
it  oiibiiB  a  iiUte  of  repoM.  Thin  give*  0*00424  per  lb  of  body- weight  in  repose,  and  0*0059 
te  Wf  fiDtle  exertioa.  During  bard  work  the  same  man  evolved  1*52  per  hour,  nr  0*015 
pv  %  m  bo^ly^weijrht.  A*  we  may^  however,  take  the  average  of  »*lult  males  (such  as 
•oftHwl  at  146  to  150  Ibp  the  amount  evolved  in  repose  would  be  from  O'015  to  0*636  per  hour. 
Thm  Mtinutd  amomii  '6,  is  therefore,  for  adult  males,  well  within  tbe  actual  amount  oljsenred 
tetyiMa. 

f  Om  of  the  earliest  observers  to  recognifle  the  value  of  rartmnic  acid  as  an  index  of  purity, 
■ppeiri  ta  have  been  F,  le  Blanc,  whose  memoir,  Recherche*  sur  la  Composition  de  TAir 
Confaicfl^^t  i"  citedby  General  Morin.  He  appeam  to  have  had  clearer Qotion«  ajt  to  the  amount 
of  air  oaeaaary  than  ino«t  of  his  contemp^nines. 

X  Tbla>  of  cotine,  inrlndpf  trantpiration,  or  carbonic  acid  exhaled  from  the  person  in  any 
imj  I  twi  exclod*^  all  >  -  '4,  «aeh  as  lights,  Are,  kc. 

I  Itoi  tka  carbonit:  .^ir  being  taken  at  *04  {jer  cent.,  and  the  car1>ritiio  acid  of 

If  ytilUtm  being  placed  ..;  ...  ..c  feet  In  an  hour,  a  man  placed  in  a  room  of  ICHXI  cuhic  feet 
«f  air  IBVit  f«<«ive  no  )eas  than  1,000,000  cubic  feet  of  outside  air  tn  an  hour  to  reduce  the 
I  to  tbe  standard  (nearly  ^0401  per  cent}  of  the  fresh  air — On  Vrnliiniion  and 
By  Dt  <le  Cbaiimontj  Assistant  Professor  of  Hygiene^  Anpy  Medical  SchooL 
i  MeiL  Jour.  May  IS07. 
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Iiiay  seem  pure  to  the  senses  wlien  tht^  Ciirbontc  acid  is  -7  or  even  "8  perlOH] 
volumes,  but  the  wsual  rule  seeiuB  to  lie  that  when  it  exceeds  *6,  the  air  ooa- 1 
mences  to  become  perc^eptibly  impure.  Wlien  the  carbonic  acid  rf3ache*  "9  9 
1 '  i>cr  1 000  volumes,  the  air  is  what  is  called  close  and  fiu*ty :  aboTe  tiui,  it 
becfjmc^  disagreeuhle.  lu  onler  to  perceive  the  smell  of  the  organic  miUa; 
the  ii»am  should  be  entered  from  the  fre^h  outside  air,  as  after  the  ahsaro 
has  been  a  fe%v  minutt?s  in  the  room  the  othmv  l>ecoines  imperceptihle. 

Pettenkofor  hiis  now  ailoptcd  the  limit  of  '7  measures  of  CO.,,  and 
•66  mejtsures  per  1000,  as  the  amount  when  the  organic  matter  simult 
present  be43oraes  perceptible.  I  would  pmpose,  then,  to  ailopt  the  amonaii 
'6  per  1000  volumes,  or  *0006  percxibic  fcKjt,  of  total  carbonic  acid  (initiili 
respiratory)  as  the  limit  of  impurity.  I  admit  that  1  am  not  able  to  show  bj  din 
evidence  that  impurity,  indicatt^l  by  '7  or  %  or  even  1  volume  of 
acid  per  1000,  and  orgimic  impurities  in  proportion,  is  injurious  to  health, 
possess  no  means  of  t^jsting  the  etlects  of  such  snmll  (|uaii titles.  Such  a i 
must  1)6  adopt&d,  first,  im  the  general  evidence  that  large  aeriid  impimtxi  i 
dccideilly  hurtful,  and  that  smaller  amounts  may  be  preaunied  to  be»i 
proportion,  althoujuh  we  cannot  measure  the  action ;  and  secondly,  on  the  i 
that  we  have  an  obvious  and  siniplii  measure  in  ths  eifect  produced  on 
senses,  which  gives  iis  a  praetical  line  of  demarcation  we  could  not  ol 
obtain. 

In  a  pfiper  by  I>r  de  Chaumont,*  it  ia  shown,  from  a  large  number  of  obt&n- 
tions  (473  analyses,)  that  the  sense  of  smell  carefully  emi^loye^l  giveea  iiry 
fair  idea  of  the  ameunt  of  impurity  in  an  air-s|iace.  In  those  expenmentf  tlii 
amount  of  carbonic  acid  in  the  external  air  vras  determined  at.  the  some  tuil% 
so  that  the  itjspirat^iry  impurity  was  accurat-ely  kno^vn.  Dividing  the  ohMfl> 
tiona  into  groups  the  following  rosulta  were  obtained :~ 


1.  rrNii,  or  Rofe 

differing    mm- 
aitil)'  frri^m  the 

Ofnnk  matrer 

t.  ClOM. 

Ontmlc  matter 

4w  VdFcfcn. 

*lv«,-  tlBlt«f«K 

'  Mean  COj  p^r  Iihih  \;A<.  i\-'  ) 

duced too* cent.  (  =  a2'F0.   \    0'1&43 
dae  to  respiratory  impurity.  ) 

0*4132 

0^6708 

09054 

It  will  thus  l>e  seen  that  the  smell  of  organic  matter  is,  on  on  sTerage^  pup- 
ceptible  to  the  tiense  of  smell  when  the  coincident  COj,  due  to  respixatOET 
impurity,  reache^i  0  "1943  per  1000  ;  and  that  when  it  excetDds  0'dQ54  tha  amali 
is  no  longer  able  to  detect  shades  of  difference.  Assuming  the  avettige  latb 
of  CO  J  in  external  air  to  lie  0  4  per  1000,  the  inferior  limit  will  he  0*5943^ 
or  closely  approaching  0*6  as  above  adopted  We  may  therefore  take  O'i 
1000  in  r«jimd  numbers  as  the  maximum  amount  of  respiratory  impi 
adniii^sible  in  a  properly  ventilatetl  air  space. 

Adopting,  then,  this  standanl  as  the  measure  ol  the  permissibie  maxim 
of  impurity,  the  nuxt  point  is  the  quantity  of  j)ure  external  air  which  shoi 
piss  tlii'ough  the  air  of  a  room,  vitiated  by  i-espimtion,  per  head  jjt^r  Uoor, 
order  to  keep  the   carliouic  acid  at  this  ratio.     The  follomng  table   gi\^ea  tJ» 
answer  to  this  question,  under  dilTerent  conditions  of  cubic  space  : — 


S943, 
urfl^H 

mfufl 

ioulH 


•  On  the  Theory  of  VeutUatiou.    Proceedings  of  the  RoyaJ  Sod«ly  N©.  168,  p,  187, 1875 1 
Ko.  171,  1*576. 
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Ta.««ji  Io  tkow  ik§  cifgnt  qf  Qmlaminalkm  «>/  iKe  Air  {in,  UrmJt  of  mrhtmie  add^  h^ 
JS^gpirmiiim^  and  tke  anujwU^  a4rn4Cmtry  todil\U<  to  a  yivcn.  ittatuifLrd  pf  '6  per  IQOO 
wi^mmM  4^<i4>,  v/  which  "4  is  lAe  tturb:  acid  naiurally  t;ri.ttivjj^  atul  '*1  i^yrom  rtispira- 
H^m^     Im  rAr  taiU  <•  dtdustiom  w  motif  of  the  inilial    i  volumcJt  of  carlonic  aaid  jMtr 


saSS 

■ifloFtrlOOOormrboiik 
•eld  fttHD  roffplrattoD  *t 
tb«  tnd  of  9IM  bovr,  ir 

thmv  bM  been  no  ehAti|r« 

1  AitMJont  of  sir  oec^agtinr  Co 
dllut«  to  •tandartl  of  *J.  or, 

indudhiif  tt}(!  inltliil 
e«i*onlc  icid,  of  -«  per  lOOO 
Tolarne*,  daring  the  flint 

1                    hour. 

ddiUP  ti>  the  given 

•t«ii4l«r^1  awry  limvMht^ 

tUctlnrt. 

100             1 

eoo 

2»oa 

sooo 

200 

3  00 

2800 

3000 

soo 

2-00 

2700 

3000              1 

400 

vm 

2600 

8000 

SOO 

1-io 

2500 

SaOO 

too 

1-00 

2400 

aooo 

rm 

0-85 

3300 

3000 

8O0 

075 

2200 

3000 

aoj 

0'6« 

2100 

3000 

1000 

0'60 

2000 

3000 

dtl 


A»  ftlreadjr  etatedy  for  the  sake  of  siniplicity,  the  carTionic  acid  naturally  in 
the  air  Ium  besa  disregarded,  but^  of  course,  there  would  bi3  ru-tu^dl y  in  tUt^  air 
^  volitBias  |Mr  1000  more  from  this  aotiree.  Thus  ia  the  rotuu  of  100  tabic 
f eH  ihofn  vcmld  bo  at  the  end  of  an  hour  (•CNt+  -B)  -64  vuluuies,  or  G*4  per 
lOOOl,  and  in  tharoomof  200  cubic  foet  tbero  would  be  -34  vokuie<i  per  cent, 
or  S-4  pi&r  lOOOl 

Tba  abav«  tabid  m    calcidated   by   the   fallo^ring   formula    of    J)r 
Chatunont  :-** 

iM  £  be  the  ratio  ol  COj  naturally  in  the  air  (via  *0004  per  cubic 

foot); 

K  ba  the  additional  ratio  per  cubic  loot  of  air  of  vitiatiun  by 

fes{utation   of  one  male  adult   iiL   au   hour   (the   average 

bemg  "6  cnbic  foot  of  earbouic  acid) ; 

r  be  the  latiij  per  cubic  foot  of  air  to  which  it  Is  desired  / 

ihould  be  rtMluoed ; 
c  be  the  capacity  in  cubic  feet  of  the  air  space ; 
d  be  the  deliirery  of  fresh  air  in  cubic  feet ; 
o  be  the  enttie  Tolume  of  the  air,  viz.,  c  +  ri. 
Tb0  foimiila  ia-* 

r^  -  R 

^  X  c  =»  t;  and  v  -  c  ^  d; 

r  -  K 

dr  9  WMJ  be  eHmmated  thus  : — 

r'-  r 


^d; 


I 


r  -K 
i-r  words»  the  difference  between  the  degree  of  vitiation  and  the 
liraitj  divided  by  the  excess  of  the  admis-^^ibk"-  limit  ovfr  the  ratio 
^,  gives  a  number,  by  which  the  capacity  of  the  air-space  must 
HI  order  to  find  the  amount  of  fresh  air  rej^uLred  to  reduce  the 
viSMSioo  to  the  a<imis.^ible  limit 

In  Uie  table  already  given,  as  the  standard  of  practicable  purity  is  takeu 
M  "^  per  1000  of  CO^  ( » -0002  per  cubic  foot)  from  rt^spiration,  and  this  k 

*  Laaofl,  Sept,  1366,  and  Klin.  M«*L  JoamoJ,  Uikv  1867.  ThuM  pnpeni  cah  be  ref«CT«il  to 
for  Hmml  oMifal  fionsol^fi.  I  woald  «Uri  nsfer  to  the  Blue- Book  of  ibe  Curaniitt««  oo  tlM  CubJo 
HpiOtor  McHopolit&ii  Warkbottiie«il3ritr),  iu  whldi  will  hn  foMudg^vartkl  papers,  wptciiUirQM 
l»f  l^efamr  tmkiit,  ixi  which  thU  subject  is  malbematically  tivate«L 
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^th  of  6'  (the  ratio  per  1000^  tliat  is,  of  vitiation  from  respiratioD  in  tiB 
room  with  100  cubic  feet),  t!ie  multiplier  ia  30  ;  in  the  room  with  200  gqm 
feet  '2  ij9  ^th  of  3'  (the  ratio  of  vitiation),  and  the  multiplier  is  15^  idl 
80  on.  1 

The  answer  may  also  be  obtained  by  another  fonnula  of  Dr  de  Chaaxooati 
Let  e  be  the  assumed  quantity  of  COg  evolved  by  one  individual  per  hm;  J 

and  p  be  the  amount  of  respiratory  irapurlty  per  cubic  foot ;   than  -  *  ^  (hfl 

P  ^m 

required  delivery  of  air  p^r  hour  in  cubic  feet  Thus  if  e  be  taken  at  0*6  ofl 
a  cubic  foot,  and  p  be  the  admissibk  Mmit  of  r^piratory   impuritv,  Mm(>ltl 

0*0002  per  foot,  then  M^e  have  :  KT/x^f^^  "^  3000  cubic  feet  of  air  per  bead }» 

hour  til  keep  the  air  in  the  required  c^mditit^n.  Conversely  the  formula  om 
be  used  to  find  how  much  air  has  been  delivered  and  utili^ted  during  ^jl 
period  of  occupation.  Thus,  in  an  experiment  the  amount  of  total  CO|iM 
found  to  bo  Id  per  1OO0»  or  0*0011  per  foot ; — the  amount  in  the  opeaHfl 
0-000 4  per  foot,  we  have  the  respiratory  impurity  (p)  =0-0011 —0*0^^1 

O'OOOT  ;  therefore  we  find  :  qTqqqj  -  S57  cubic  feet  of  air  per  head  per  mM 

as  the  mean  amount  supplied  and  utili.sed  durinj?  the  peritxi  of  occupatioiL    I 

If  the  standard  of  practicable  purity,  viz.,  '6  of  carl>onic  acid  per  lOOll 
volumes  (of  which  ^2  is  derived  from  respiration)  is  considered  too  high,  M 
involving  tno  great  a  coat,  and  if  7,  "8,  or  -9  be  taken,  the  amount  of  an 
required  per  head  per  hour  will  be  2000,  1500,  and  1200  cubic  feet  reefit^^j 
tiveiy.  If  the  emission  of  carbonic  acid  is  Uiken,  not  at  '6  cubic  foot  pa 
hour,  liut  as  something  loss,  as  in  the  case  of  women  and  children,  a  1^1 
amotmt  of  air  would  suiUce,  and  can  be  calculated  out  at  once  frosm  thm 
formuhL  ■ 

In  reference  to  a  proposed  Btnndard,  it  is  now  earnestly  to  be  wished  tMl 
there  should  be  a  geneml  agreement  among  medical  men  on  tlie  point ;  and  Ii 
hope  that  the  re^isons  alraady  assigned  will  be  eonsidered  sufficient  to  warrant 
the  general  adoption  of  *6  per  1000  of  carbonic  acid,  or  rather,  0*2  per  1000 
of    respiratory  impurity,  as   the    standard    of   permissible    maximum   im- 
purity. 

The  amount  of  fresh  air  thus  determined  by  calcuktion  is  in  accordance 
with  that  determined  by  actual  expenmtsnt  I  have  measured  the  air  passtng 
out  of  barracks  and  hospital  wards,  and  found  that  when  1 200  or  1 400  cuhie 
feet  ]ier  head  per  hour  only  were  given,  the  cartM^nic  acid  reached  -7,  %  or  "^ 
per  1000  volumes,  and  that  more  than  2000  cubic  feet  were  necej?sary  to  keep 
the  air  pure  to  the  senses.  Dr  de  Chaumont's  analyses*  agree  closely  witk 
this ;  80  also  the  older  experiments  by  Grassi,  in  Paris,  at  Mazaa,  and  the 
latter  observations  of  Greneiial  Morin,  as  well  as  the  observations  and  calcula- 
tions of  others,  all  fairly  agree  in  this  respect. 

Genend  Morin^f  from  analysis  of  all  tbe  observations  made  in  Paris,  and 
from  experiments  of  his  o^vn,  give^  the  following  amounts  : — 

Amount  of  ire^h  an  to  be  supphed  per  head  per  horn*  in  temperate  climatM 
iu  the  following  cin'umstancea  : — 

In  liarracks,  =  30  cubic  metres  by  day  =  1059  cubic  feet ;  60  by  nighty  =  211$ 
cubic  feet     Workshops,  «=  60  cubic  metres  =  2118  cubic  feet     Schools, «  30 

♦  Amiy  Medical  Department  ReiK»rtfl,  vols.  v.  vL  and  vii. 

+  Rapport  de  la  OonimiMKion  mr  h  Cliauffanje  et  la  Ventilation  dm  Batimeiui  dn  P^is  ili 
Jii«tice.  P&Hfl,  IBOD.  Tbe  older  obfenreni  gave  much  snmlkr  amoitat-s,  but  t  do  not  quoli 
them. 
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Cducte  fibonlil  never  be  allowed  to  escape  into  the  air  of  the  room.  Wtvm 
shown  how  importamt  a  Bource  of  impurity  this  is ;  and  the  bad  efliete  d 
breathing  the  pixwiucts  of  gas  combustion  are  well  known. 

A  lb  of  oil  demands,  for  complete  combustion,  1 38  cubic  feet  of  air ;  and  W 
keep  the  air  perfectly  pnre,  nearly  as  much  air  must  be  intioduoed  for  1  Ik  of 
oil  as  for  10  feet  of  gas.  In  mines^  GO  cubic  feet  per  hour  are  allowied  for 
each  light ;  the  lights  generally  are  dim^  and  the  amount  of  combustion  k 
alight ;  but  this  seems  an  extremely  small  amount 

If  gii8  Ih  not  burnt  in  a  room,  or  in  a  very  small  amount^  or  if  only  candles 
or  oil  lampB  are  use<l,  it  m  seldom  neceaaarj  to  take  them  into  account  in  eatir 
mating  the  amount  of  air. 


^«^^ 


3.  On  the  Quantiiy  required  pyr  the  Reapiroium  and  Dilution  of  i 
Emanations  of  Sick  Men* 

With  regard  to  sick  men,  it  is  impossible  to  say  what  quantity  ahoiild  ht 
givea  In  some  diseases,  so  much  organic  substance  is  thrown  oS^  that 
acarcely  any  ventilation  is  sufficient  to  remove  the  odoiu*.  At  the  Hoepitil 
Ikmujon  in  Paris,  it  was  shown,  as  long  ago  as  1847,  that  60  cubic  metna 
(  =  2118  cubic  feet)  per  heafi  per  hour  did  not  remove  all  odour  from  the 
flurgical  wards  after  dressings,  Grassi*  mentions  that  a  perceptible  odonr 
diffused  from  a  case  of  cancerous  ulcer  in  a  ward  in  the  Hopital  Xecker  it 
Paris,  although  the  ventilation  at  the  time  was  3600  cubic  feet  per  head  p« 
hour ;  but  had  odour  will  perceptibly  taint  an  hc»spital  ward  with  a  gfoatir 
allowance  of  air  even  than  this,  I)r  Sankoy  found  the  wanls  in  the  Londoii 
Fever  Hospitiil  to  be  not  free  from  odour  when  3720  cubic  feet  per  head  per 
hour  were  passing  in.  In  some  of  the  London  Hospitals  Dr  de  ChauiiKml 
found  that  there  was  still  a  close  smell  wbi?n  5O0O  cubic  feet  and  even  mam 
were  siipph'ed,  but  the  dktribution  was  not  pcTfect  Even  when  3600  feci 
were  supplied  and  utilised  {m  calculated  from  the  CO,,)  the  ward  was  not  fiet 
from  emelL  In  his  paper  on  the  '*  Theory  of  Ventilation ''  (PjXHxeding/i  of 
the  Royal  Society  loc.  cit.),  he  showed  that  whilst  the  smell  of  organic  matter 
was  still  im[>ercjeptible  in  barracks,  among  healthy  men,  when  the  wk 
contained  0'208  of  COg  i>er  1000,  it  was  quite  distinct  in  hospitals  (among 
ordinary  cases)  when  the  CCi  amount^jd  to  0'166  ;  so  that  if  3000  cubic  fe«l 
per  hour  l>o  put  as  a  minimum  in  health,  tliis  ought  to  be  increased  by  an*- 
thinly  giving  4000  aa  a  minimum  in  sickness  even  of  an  ordinary  chamcter, 
^to  he  iucrefLsed,  of  course,  without  limit  in  cases  of  a  serious  nature*  In 
the  new  Hotel  Bieu  at  Paris,  it  is  intended  to  give  at  least  100  cubic  meti«a 
(5500  cubic  feet)  per  head  per  hour ;  but  this  amount  is  not  auiiicient*  Dr 
Sutherland  believea  that  at  least  4500  cubic  feet  per  head  per  hour  moat  be 
aUowed  when  there  are  many  bad  cases,  and  especially  siu^ical  casee  with 
open  wounds ;  and  during  epidemics,  or  when  hospital  gangrene^  pyaemia*  Of 
erysijwlfLs  arc  spreading,  6000  cubic  feet  at  least  must  be  given ;  or,  in  other 
words,  the  supply  must  be  almost  unlimited.  The  bestsuigeona  now  couiikler 
an  almost  complete  exposure  of  pyicinic  patients  to  the  open  air  th«  beet  tml- 
ment ;  and  it  is  well  knoMni  that  in  typhus  fever  and  (to  a  lees  extent)  ia 
ty]dif>]d,  and  also  in  smalbpnx  and  plague^  this  complete  exposure  of  patients 
to  air  is  the  first  important  mode  of  treatnu.^nt,  liefi:»re  even  diet  and  medicini 
Even  temperature  must  lie  sacrificed  to  a  considerable  extent,  in  order 
olitaiu  fre.-^h  air,  if  a  choice  requh'^.s  to  be  made  lietween  the  two. 

Humidity. — The  condition  of  the  air  as  regards  humidity  is  a  matter  of  b 
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,  bttt  has  not  hitherto  been  much  conaiderecL  In  T)r  de  Chaimiont^s 
experimenta  the  mean  homidity,  in  rooniB  having  less  thaii  0'2  per  1000  of 
vaipirmtoiy  impurity  (reckoned  as  C0^)»  was  73  per  cent.,  at  a  tempemtiire  ol 
63*  Fahr.     This  might  be  taken,  provisionaUy,  as  a  etandani* 


I 


^ 


sectio:n^  h 
the  mode  in  which  the  necessary  quantity  of  fbesh 

AIB  CAK  BE  saPPLIED. 

ThiB  is  nn  engineering  problem,  and  there  can  be  no  doubt  that  in  time  to 
oome  it  will  be  as  carefidly  considered  by  engineers  as  the  8upi>ly  of  water,  or 
die  mnoviil  of  the  «oHd  and  fluid  excreta.  Ventilation  is,  in  fact,  the 
jaohfam  of  tba  removal  of  the  gasiform  excreta  of  the  lungs  and  skin. 

Stra-SlECTION  L — PrEUMINART  CoNSlDEEATiaNS, 

1.  Oubfc  Space,  f — A  certain  amount  of  fresh  air  has  to  pass  through  a  given 
sir  space  in  a  tixed  time  to  order  to  maintain  a  certain  degree  of  purity ;  the 
unoant  bae  lieen  ^ed  (imge  143)  at  3000  cubic  feet  for  each  adult  healthy 
male  in  an  hour ;  before  considering  the  appliances  for  moring  this  air,  we 
mtiBt  confer  what  should  l>e  the  niiiiimum  size  of  the  air  sfjace  for  each 
healthy  male  adult  through  which  the  fr^h  air  has  to  pas& 

Thia  will  entirely  depend  on  the  mte  at  which  air  can  be  taken  through  the 
ip^ee  without  the  movement  l>eing  perceptible  or  injurious.  The  size  of  the 
wpaob  ia  cbitifly  of  consequenct*,  as  it  affects  this  condition.  The  larger  the 
ipaoe  the  laae  is  the  necessity  for  the  fret|uent  renewal  of  air,  and  the  hsa 
chanoes  of  dTSUght  Tlius  a  9i>ace  of  100  cubic  feet  must  have  its  air 
changed  thirty  times  in  an  hour,  if  3000  cubic  feet  nf  air  are  to  be  given, 
while  a  space  of  1000  cubic  feet  need  only  have  it  changed  three  times  in  an 
boor  for  an  ei|ual  ventilation. 

When  the  too«t  perfect  mechanical  means  are  employed,  the  air  of  even 
a  man  air  space  can  be  changed  sufficiently  often  without  draught.  Thus,  in 
Pettenkofet^a  experimental  room  at  Munich,  the  air  space  is  424  cubic  feet, 
ai»d  2640  cubic  feet  can  be  drawn  through  by  a  steam  engine  in  an  hour 
nitbont  perceptible  movement ;  in  other  words,  the  change  is  six  times  per 
Iwur  nearly.     With  the  best  mechanicjd  contrivances,  and  with  disfeganl  of 

*  fron  ilie  ttata  of  the  air  tt«  rewda  htimidity,  inrormation  may  tonMiimet  b«  obtaineil 
wHic^  aught  Uke  the  place  of  the  CO,  deterraiDntionf  in  the  absence  of  meana  for  curyinff  out 
tlic  latter.  Por  instance,  at  St  Mary's  Hofpital  th«^  air  of  the  wards  was  found  to  liave  78  per 
mu%,  of  tiiistidity,  or  5^9  per  cubic  foot ;  to  reduce  it  to  73  per  cent,  or  &•&  graina  per  cuoie 

,  wfcfle  the  exteToal  air  contained  5%  we  should  have  5-5  I  ^■♦^"o^"'^"  ***"  ^*  »l^ouId  Te- 
la add  to  the  existing  delivery  of  air*  at  least  as  much  more  per  hour  as  wou^d  equal  tb& 
_^^  PBhic  epaoe.  In  the  case  referred  to  this  was  al>out  2*256  cubic  feet.  The  actual  supply 
Wt»  MfM,  toial  4336  per  head,  or  about  the  ouiiUtity  denianded  for  proper  hospital  veutjlatiot). 
^  for  tbt  mkt  OD  the  iDeafunsment  of  cu  tuc  »pace,  see  the  chapter  on  the  ExamiAation  of 
Air*  Im  dw  metropoHtan  lodgiog-houaen,  S(f  ^upurhcia)  and  240  cubic  feet  are  allowed  ;  in  the 
Wtftinn-hoigaia  of  the  metropoHtau  police  ^  feet  superficial  and  450  cubic  feet  are  given.  Tho 
Pt»«r  la*  Bttard  allows  3iif>  cubic  feet  for  every  healthy  perHou  iu  dormitories,  and  from  S5Q 
imhxc  feci  and  upwani*.  according  %f>  rin^nmntancefl,  as  far  as  1200  cubic  feet  for  every  sick 
MnoB.     In  fhibliii  aa  aUowanoe  of  '    '  f'-et  i*  required  in  the  registered  lodging^iousoi^ 

m««i  an  exMllent  pamphlet,  ent  rials   of  a  Healthy  Dw<*tling,  p.    l^,)    In  the 

nwritik  VTnir  itm  allowatioeti  496'  I'mssian  meaaurement,  which  U  nearly  the  samo 

1k>,  tae  anperficia^t  apace  beiuK  42-45  equjire  feet  :  in  the  old  Hanoveriau  araty  the 
ea  via  70u  to  800  cubic  feet  (PruasUn^    Tbe  London  School  Board  have  given,  in  a 
r«koolrooai,  10  square  feet  per  scholar,  and  iu  graded  tchools  9  square  feet ;  the  height 
I  to  bt  13  fMi-  -making  130  and  117  cubic  feet  respectively.     This  seems  very  sumll. 
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cijftt,  we  are  therefore  certein  that  a  cubic  space  of  424  bA  Wj^M 
he<  sufficient,  and  there  is  every  jmjbahility  that  engineers  could  vesili]^^^| 
a  sxuallyr  space  without  perceptibh?  movement.  ^^^| 

But  if  the  mechanical  contrivance8  are  of  an  mferior  kind^  and  ;ifLrd;caki^| 
if  natura]  veBtilatiou  is  uaed^  the  diihctilties  of  Teutilating  a  small  ^M^^l 
c^iiLsidemhle,  and  are  caofled  not  so  mush  by  the  rate  of  nioTemeim^^H 
greater  part  of  the  air  in  the  room,  as  by  the  rate  at  the  openings  ^i^^^^| 
frei*h  air  comes  in  very  quickly,  and  causes  currents  in  the  loom.  &^^^| 
for  example,  a  space  of  500  cul>ic  feet  with  a  man  in  it,  who  ha*  to  lie  inpp^l 
with  3000  cubic  feet  in  an  hour  ;  if  the  inlet  opeixing  bo  12  aqmire  iu^lH 
the  rate  of  movement  througli  it  would  be  10  feet  per  second,  or  n(9i)j^| 
miles  per  hour ;  if  24  st^uare  inches  it  would  be  5  feet,  or  about  3-4  mi]jij^| 
hour.  In  either  case,  in  such  a  small  room^  the  air  cotild  not  be  {^^^| 
distributt^d  before  reaching  the  person,  and  a  draught  vrould  he  fl^^^l 
in8ti?ad  of  500  cubic  feet  1000  were  j^iven,  the  prt*blem  is  easier,  for  th^^^l 
current  of  iimh  air  mixing  with  the  hu^a^r  volume  of  air  in  the  room  ilH^| 
easily  broken  up,  and  the  man  lieing  further  from  the  opemn^  the  mofiB^H 
is  ksB  felt  The  tjuedtion^  in  fact,  turns  in  great  measure  on  ths  ]xiWBraf^| 
troducing  the  air  without  draught.  H 

If  the  change  of  air  is  carried  on  by  what  is  termed  natural  ventilation,  tfH 
uniit^r  the  ordinary  conditions  of  this  climate,  a  change  of  air  six  tim^'**  jut  im^| 
as  in  Pettenkofer'a  room,  coidd  not  bo  attempted.  Even  five  timv»  jiex  1h^| 
would  be  too  mucb,  at  least  in  barracks  with  600  cubic  feet  per  lu^  dfl 
TO(i\m  are  eohl  and  draughty,  when  anything  approaching  to  3000  culjk  fdB 
per  hea<l  per  hour  are  passing  thixmgh ;  that  La  a  change  of  five  times  per  lifl^B 
fi>r  each  600  cubic  feet  of  air  space,  A  change  equal  to  fuur  or  three  tuafl 
per  hour  is,  1  believe,  generally  all  that  can  be  burne  under  the  condition fl 
warming  in  this  country,  and  if  thi^  be  correct,  from  750  to  1000  cubic  lafl 
fihould  be  the  minimum  allowance  of  the  mitial  air  sjittce,*  V 

With  good  warming  and  an  equable  movement  which,  however,  u  wQ 
always  easy  to  get,  there  might  he  larger  inlets,  and  thei-efore  more  ea^  di>^ 
tribution  and  a  smaller  air  space  to  begin  with.  If  the  inlets  are  48  »futti 
int^lies,  the  rate  through  them  to  supply  a  spice  of  500  cubic  feet  with  3000 
cubic  feet  ynfT  hour,  would  be  only  :3A  feet  jmr  second  ;  and  if,  as  should  b» 
the  caae  in  artiJicial  ventdation,  the  inlet  is  72  or  80  squim.^  inches  in  sin^tbb 
rate  would  oidy  be  a  little  over  1|  foot  j>er  second,  which  would  be  imperwp- 
tilde  even  at  the  orihce.  But  thero  is  an  argument  against  a  Binall  cuV'icfptca 
even  with  g^iod  mechanical  ventilation^  viz*>  that  if  an>i-hing  am^^ts  \ht 
mechanism  for  a  time,  the  ratio  of  impurity  from  resspiration  ijicreased  mack 
faster  in  a  small  than  in  a  lai^e  space,  t 

*  It  iialU  ^f  course,  he  perceiTfd  that  the  'wliole  arj^tuent  turns  on  the  assuiui^tioa  of  tbt 
correctness  oftlio  Atandara  of  practicable  purity,  via.,  '6  volume  sof  carbonic  aad  per  IOWl 
If  a  !e«8  pure  eitindartl  Is  iixed,  the  am  aunt  of  freali  air  per  howr  wouM  of  coone  be  Wi ;  bnt 
1  hope  tlip  piirer  standartl  will  he  ailopted. 

+  Ejcperinifiit.il  data  on  mnny  of  these  poimts  are  still  wanting.  In  priaons,  with  celU  f«T 
seiiar&te  confineincnt  an«l  artitloial  ventiltttiou,  the  amount  of  apacti  is  seldom  under  750  to  8W 
cubic  feet,  And  jirjuiityilly  this  is  found  to  be  too  small. 

Jn  Penkmville  Prison,  on  J  ebb's  syMteiii,  t^ie  air  was  hardly  ever  changed  thitN!  time^  int^ 
hour,  during  my  experiments,  although  the  cells  are  nearly  800  cubic  foet  in  cap.tcity.    11^ 
uji-nu  Mupjdy  of  air  per  houriwa'*  about  lOMi  cnbic  feet.     In  Oosport  military  pn«on,'il*o<P 
Jel»b*fl  principle  (but  not  perfectly  carried  out),  the  uieiiu  supply  was  about  8O0  cubit:  f«t,  taH 
the  cells  are  only  about  6W  in  capacity.     In  Alderfthot  military  jirison  (not  on  Jehl/s  nriAdpiel 
with  cells  about  600  cubic  faet  in  .size,  the  mean  supply  was  uucierSOO,     And  in  ChatUM'^'  ^  - 
viot  iirison,  wliere  the  cell«  are  only  200,  the  mea-u  supply  was  about  490.     Wilsoij 
book  of  Hygiene)  appeam.  to  have  found  the  air  changed  in  the  large  cjalla  at  Portsm*. 
viet  mkou  about  3  limes  iu  the  houTj  aud  in  the  am&ll  about  4  timei ;  ttiU|  hcnrewr.  it  cerlalair 
not  the  ride.     (F.  de  C\) 
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Tbe  wsniith  of  the  moving  air  mfltiencee  the  aensation  of  tho  persons  ex* 
poBod  to  it.  At  a  temperature  uf  55^  or  60',  a  rate  of  1 1  feet  per  gecond  ( =  1 
AlJa  par  boor  nearly)  i»  not  perceived ;  a  rate  of  2  and  2^  feet  p«r  second 
(14  and  1'7  mileg  per  hour)  is  imperceptihltj  to  some  persons;  3  feet  per 
•ocond  (2  inilo*  per  hoar  nearly)  is  perceptihle  to  moat ;  a  rate  of  3 J  feet  is 
IHmived  hy  all  persona ;  any  greater  speed  than  thm  will  give  the  ^enisation 
of  dmttght^  especially  if  the  entering  air  be  of  a  dillerent  temperattire,  or  moist. 
If  atm  air  \m  about  70''  Fahr.,  a  rather  greater  velocity  is  not  perceived,  whUo 
if  it  be  still  higher  (80*  to  90*  Fahr.),  the  movement  becomes  again  more  per- 
Qttptibk^  and  Uiia  ia  also  the  case  if  the  temi^iemtuie  be  below  40"  Fahr.  If 
the  air  could  be  wanned  to  a  certain  piint  in  a  cold  climate,  or  if  the  climate 
be  warm,  there  may  be  a  much  moni*  rapid  curreni,  and  con^eciueutly  a 
cubic  space  might  be  given.  The  subject  of  ventilation  m  in  cold 
conneofced  inseparably  with  that  of  warming,  for  it  ia  impossible  to 
leaant  ventilation  in  cuM  weather  without  warming  the  air,  (See 
Glia|iter  on  WAiULTxa) 

Tbe  above  remarks  apply  to  adult  mides;  for  women  and  children 
it  BUgki  be  considered  that  the  amount  of  fre^^h  air  and  of  cubic  space 
alMuld  be  l&m,  as  they  vitijite  the  air  kits  than  mem  But  as  the  dilierence 
lieiween  women  and  men  is  not  great,  and  as  children,  in  proportija  to 
their  aixe^  imdergo  a  more  rapid  tissue  change  than  adults,  it  woidd  be  the 
aatai  eotina  to  have  the  same  rule  for  all  individuals  of  whatever  age, 
exsept  the  very  youngest  and  oldest,  who  require  special  conditions  of 
wanaitig*  Same  perstins,  however,  clajss  two  children  as  one  adult ;  but  if 
thia  be  adopted,  the  rule  should,  at  any  rate,  be  restricted  to  children  under 
flra  jneaia  ahL* 

The  smocmt  of  cubic  space  thns  assigned  fiir  healthy  persons  is  far  more 
thait  iBoal  people  are  able  to  have ;  in  the  crowded  njums  of  the  artizan  class^ 
the  mrun^  entire  space  would  probably  be  more  often  200  or  250  cubic  feet 
per  head  than  SCO*  The  expense  of  the  larger  rooms  would,  it  may  be  feared, 
ha  lata]  to  the  chance  of  such  an  ideal  standard  being  generally  ciirried  out ; 
boV  aftef  all,  the  <j[uestion  is,  not  what  is  Hkely  to  be  done,  but  what  ought 
io  ha  dono ;  and  it  is  an  encouraging  fact  that  in  mo^^^t  tilings  in  this  worl«I^ 
whm  a  zight  course  is  recognised,  it  is  somehow  or  other  eventually  caiTied 
OWL 

8o^  ia  the  case  of  soldiers,  the  amount  of  authorised  regulation  space 
(600  Cttbsc  feet),  is  below  the  standard  now  given,  but  still  the  space  is 
aa  amch  aa  can  be  demande<l  at  present.  It  has  be^n  found  very 
dilBrmlt^  without  incurring  |t;Teater  expeni*e  than  the  country  would  bear,  to 
glTia  Sfrery  man  even  the  600  cubic  feet,  and  aa  soldiers  are  healthy  men,  and 
can  hear  lapid  movement  of  air,  and  as  some  of  the  enteriug  air  is  warmed 
by  the  faarmck  grate,  the  600  cubic  feet  may  possibly  suffice. 

For  aiek  persons  the  cubic  space  shotdd  be  more  than  im  healthy  pereons. 
We  are  to  remember  that  there  are  otiier  impurities  besitles  those  arising  from 
gpephwHon  and  transpiration,  and  that  immediate  dilution  and  as  speedy 
fifSioval  as  ctm  be  managed  are  essentlaL 

Vcty  ranch  the  same  considerations  apply  to  sick  as  to  healthy  men,  except 
thai  Ihe  aDowonce  of  air  in  all  cases  of  acute  diseases  must  be  greater ;  and, 
Ihasdoit^  especially  if  natural  ventilation  be  employed,  the  cubic  space  has  to 


*  If  aajr  diffnsooe  b  nuwk,  children  cugbi  to  be  ooaaJdAred  ai  eyolring  not  lean,  ihim  Oi5ot 
a  eabio  fbcft  of  COj  per  hour;  lbs  Mnouot  0'6  ought  to  be  Tetoinad  for  women,  and  07  ongtit 
1^  tia  allowed  for  m^n      i n  thii  way  the  tnitiinittm  hourly  aujiply  in  henlth  in  repose  ought  to  U» : 
Kt.r  .        ,  2250 ;  for  woiuea  3000 ;  for  men  3:^00.; 

lav  Ui«H,  3400 J  „      mjOi  „  52o0. 
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be  enlarged  also,  to  mmire  good  distribution  without  draughty 
chilling  must  b©  carefully  avoided. 

Admitting  that  on  an  average  4000  cubic  feet  of  fresh  air 
supplied,  in  hospital*?,  per  patient  per  hour,  and  if  the  change  of  air  is  to  ^ 
four  or  three  times  per  hour,  an  the  h4?«t  rat€  of  movement,  the  cubic  sj<fcf» 
must  be  1000  or  1300  cubic  feet  r&8p>ectively.  A  consideration  of  anotba 
kind  may  aid  in  deteraiining  the  question  as  regards  sick  men.  In  hcjiipitih 
a  certain  amount  of  tioor  space  is  indispensably  necessary ;  first,  for  the  Utori 
separation  of  patientfl ;  Bocondlv,  for  convenience  of  attendanccL  For  tJtt 
first  object  the  great** r  floor  spmce  the  better ;  and  in  respect  of  the  second,  ft 
Acland  has  clearly  shown  that  the  minimum  floor  space  for  convenient  ntnnm 
should  be  72  square  feet  per  bed.*  In  a  ward  of  12  feet  in  height  this  woqU 
give  864  cubic  feet. 

Conaidering,  however,  the  immense  benefit  to  patiente  of  pure  air,  and 
the  practical  experience  of  hospital  physician^  it  is  very  desirable  not  t« 
fix  the  floor  and  cubic  space  of  hospital  wards  intended  for  acute  and  gui^^ual 
diseases,  and  for  cases  with  copifius  discharges,  at  the  minimum  of  wlial 
may  snflice.  The  desire  of  most  hospital  physicians  and  snigeona  it  lo 
obtain  for  their  patients,  if  they  can,  a  floor  space  of  100  to  120  square  f« 
and  a  cubic  sjiace  of  1500  to  2000  cubic  feet^  and  I  believe  that 
true  wisdom. 

A  notion  prevails  amonj^  many  people,  that  cubic  space  may  take  the  plioi 
of  change  of  air,— so  that  if  a  Jarger  cubic  space  be  given,  a  certain  ainoiiaft 
of  change  of  air  may  be  dispensed  with,  or  less  fresh  air  be  re^juinMi  Thii 
is  quite  erroneous :  even  the  largest  sjjace  can  only  provide  sufBcient  air  fort 
limited  tune,  after  which  the  same  amount  of  fresh  air  must  be  ^applied 
hourly,  whether  the  space  he  large  or  smalL  This  is  shown  by  the  table  oo 
page  143.  Even  in  a  space  of  10,000  cubic  feet  per  head  the  limit  of 
admissible  impurity  would  be  reached  in  a  little  over  3  hours,  after  which  Q» 
same  hourly  supply  of  3000  feet  would  bo  as  necessary  as  in  a  space  of  IOC 
cubic  feeit 

The  amoimt  of  ventilation  for  animals  has  not  been  experimentally  deto^ 
mined  to  my  knowledge.  A  horse  is  said  to  retjuire  at  Iwist  2466  cubic  fed 
of  fresh  air  per  hour,  but  he  probably  requires  more,  and  the  aimlysia  of  tiie 
air  of  ."^tables  shows  that  the  air  lias  frequently  been  very  inipare,J  At 
present,  the  Army  liegidations  allow,  in  new  stables,  each  horse  1605  cubic 
feet,  and  100  square  feet  of  floor  si>ace  ;§  and  the  means  of  ventilation,  u 
will  be  pre^ntly  noticed,  are  ample.  In  the  new  Army  Horse  Infirmariei, 
the  superficial  area  is  to  be  127  square  feet,  and  the  cubic  space  1900  fe«t 
per  horse. 

*  See  report  of  tbe  Cbminitt^  appoizited  to  inquirQ  into  the  cable  space  of  Httropolta 
Workh*>use«,  1867,  p.  12. 

f  For  further  ruiitatkH  on  this  point  see  1117  Lecturea  on  State  McdioiDd  ;  alao  Hfgi^v  io  tti 
Sanitary  Record^  187^5.  In  *  {mru|)h]«t  by  General  Morin,  Note  eur  I'ofipuoe  ciibit|tie^  lU.,  i 
table  is  given  tlmt  might  be  miHlcading,  without  explauatioo.  It  really  8uow«  the  fttnouattl 
air  neoeaaary  to  dilute  a  certain  amount  of  impurity  evolved  In  a  oerUin  cubic  apaco^  and  h 
similar  to  the  table  given  on  page  143  of  tht«  work.  For  contiuuoua  ventilation  the  ndcenoT 
supply  in  any  ordinary  space  after  the  first  hour,  ia  a  con^itaiit  fiuantitj.    (F.  d©  C) 

X  If  there  is  a  (loti^tiint  relation  iNitweea  weight  and  the  evolution  of  CCL  (aa  aevma  like}j\ 
iheti  a  hor^e,  weighing  fiU^J  lb  would  evolve  per  hoar  about  2  cubic  feeit  of  00^  whick  wooM 
require  10, (KK)  cuhic  te«t  of  air  to  red  uc«  to  the  standjutt  adopted  for  men.  The  sxipplf  aboft 
named  (2466)  would  retluce  the  impurity  to  fh>m  0'6  to  I'O  per  1000  according  to  tae  mm  d 
the  animal ;  adding  to  thia  0  1  for  the  incoming  ftir»  we  have  1-2  to  1*4  aa  the  probi^iktidi- 
dltion  of  tbe  air  of  the  stable.  Marcker  tixei^  the  Ht&ndard  at  lb  to  3.0  per  ]000,  wUc^ 
would  argue  a  delivery  of  air  of  only  about  800  to  IDQO  per  hour,  oortAinly  too  smAlL 

§  Report  of  the  Barmck  and  HospitaJ  Improrement  Commiision  oa  the  Ventiliitiaa  <l 
Cavalry  auUea,  1863,  p.  10. 
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f  In  Ibe  atablee  of  c&ttle  there  is  oft«n  exeessiye  over-crowding,  and  it  is 

I  iwU-kiiowii  Uuit  there  is  a  vast  amount  of  disease  among  them,  which,  how- 
erer,  is  eeldom  allowed  to  go  far,  ws  they  are  sent  to  th©  butcher.  I)r  Ballard^ 
who  pftid  gnBai  attention  to  the  cattle  plague  in  iBllugtou,  recammBuded  that 
si  Imai  1000  cubic  feet  shoidd  l)e  allowed  per  aniinai 

^  2.  S(mree  of  thts  air  mtpplied. — ^In  order  that  the  object  of  the  ventilation 
aball  not  be  defeated,  it  is  nooeBsafy  that  the  air  entering  a  room  iBhall  be 
pure.  The  air  mugt  be  the  pure  external  air,  and  not  1j4j  derived  from  places 
'where  it  has  stagnated  and  taken  up  impurities ;  if  it  is  dmwn  along  |»{kjsage8 
or  taba^  and  through  louvres  or  l>as45meiits^  the^e  should  he  capable  of 
inapectiDii  and  cleansing.  All  air-shafts  should,  if  jiossibie,  be  short  and 
easily  cleaned.  This  is  an  impoi-tant  rule,  and  should  lead  to  the  rejection  of 
aU  plans  in  which  the  air-ehafts  are  long  and  incapable  of  being  cleaned,  I 
liave  seen  sevetal  instances  of  air  being  distributed  by  costly  appLianees^  and 
yei  bdi^  diawn  from  an  impure  source,  or  allowed  to  be  contaminated  on  ita 
Instead  of  perforat^ed  Imcks,  there  should  l>e  eliding  panel%  or 
flapa^  so  Ihat  the  tube  may  be  e^isily  rea,ched. 

3,  Wanntruj  or  cotding  of  the  air,- — The  air  may  require  to  be  wanned 
to  00*  or  65*  Fahr.,  or  co<jled  according  to  the  season  or  locality.  The 
warming  in  cold  and  temperate  clininU^  is  a  matt*?r  of  necessity,  as,  if  dis- 
comlon  is  caused  by  cold  draughts,  ventilation  openings  are  certain  to  be 
closed. 

4.  DidrifmHan, — ^Th©  distribution  in  the  rooms  shoidd  be  perfect,  tliat  is, 
theire  should  be  uniform  diffusion  of  the  fresh  air  through  the  rooms.  The 
best  way  ol  ascertaining  this  is  to  cum}mre  the  amount  of  air  utilised,  as 
ealcvUaied  from   the  oliserved   CO^,  with  the  actual  movement  of  air,  as 

with  the  air-meter.  If  the  distribution  is  goal  the  two  quantitiea 
I  not  to  ditfer  materially.  Much  difficulty  is  found  in  properly  miuiaging 
ttnlform  cUlfusion,  and  it  requires  careful  arrangement  of  the  various  open- 
ing The  distributing  plans  should,  if  possible,  prevent  the  cliance  of 
braihed  air  being  rebreatbexl,  especially  in  hospitals.  As  the  ascent  of  re- 
spmd  ftir  is  rapi*l,  on  account  not  only  of  its  tem|H;^rature,  but  from  the  force 
with  which  it  is  propelled  upwards,  for  patients  in  bed,  the  point  of  dischaige 
ahouid  be  above. 

During  the  last  few  years  it  has  been  argued  that  it  is  better  that  the  foul 
air  niMiuld  pass  off  below  the  lev^el  of  the  person,  so  that  the  products  of 
igfiiiatkip  maj  be  immediately  drawn  down  below  the  mouth,  and  be  replaced 
bf  deaoeniling  pure  air.  But  the  resistance  to  be  over("4^imt'  in  drawing  down 
the  hoi  air  of  respiration  is  so  great  that  there  is  a  considerable  waste  of  j>ower, 
Bihd  the  obstacle  to  the  discharge  is  sometimes  suihctent,  if  the  extmcting 
lunsr  be  at  all  lessened,  to  reverse  the  movement,  and  the  frt^sh  air  forces  its 
wi^  to  through  the  pipes  intended  for  discluirge.  This  plan,  in  foct^  must  be 
coBodepBd  a  mistake.  The  true  piinciple  is  tJiat  statixl  long  ago  by  B'Arcet. 
In  tll0  ease  of  vapours  or  gascxs  the  pi'oper  place  of  discharge  is  aliove  ;  but 
hmrj  powiien,  arising  in  certain  arts  or  trades,  and  which  from  their  weight 
npidljr  fall,  are  beat  drawn  out  from  below. 

Sird^ecnoN  II — Mbjibts  bt  which  Am  is  skt  dt  Motion. 

TboiS  are : — 1/<C,  the  forces  continually  acting  in  naturt?,  and  which  province 
whal  has  been  termed  natural  ventilatiijn.  2c/,  Tlie  forces  set  in  acUon  by 
man,  and  which  ]>r«jduce  the  sr>calle>d  artilicial  ventilation. 

The  diriaiou  is  convenient,  but  not  strictly  logical,  as  the  forces  which  act 
in  aatuzal  do  so  also  in  artificial  ventilation  to  a  certain  extc^nt 
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Tkree  forces  act  in  natural  ventiktion,  viz.,  dilB^ision,  wiiijds^  j 
dlfTeieiice  in  weight  o!  massea  of  air  of  imequal  lemperatitiB. 

L  DIFFCaiOS. 

Afl  every  gas  difltises  at  a  certain  rate,  vi^  inreEsely  as  tlio 
foot  of  its  density,  thsre  is  a  constant  escape  of  any  foreign  gv  into 
the  atmosphere  at  laq^e.  From  ereiy  room  that  w  not  air4ight  Pettenl^obr 
and  Koecoe  have  ghown  that  diffusion  cvecurs  through  brick  and  fitoue,  aad 
Pettc^nkofer  lielieves  that  one  of  the  evils  of  a  newly  built  and  damp  hoOM  k 
that  diffusion  cannot  occur  through  its  walls.  Bat  the  ordinary  plastered  and 
pa]>ered  walls  reduce  diffusion  t4>  a  most  insignificant  amount  Thioci^ 
chinks  and  openings  produced  by  imperfect  carpentry  the  air  diifuaos  fiait| 
and  Ittwcoe  found  that  when  he  evolved  carbonic  acid  in  a  room  the 
hai]  di^crefiscd  onrvhalf  from  that  cause  in  90  miuutes. 

The  amount  of  purification  produc^  by  diffuaion  under  orrliiiary 
stances  is  shown  by  observation  to  bo  insufficient,  and,  in  addition,  OTg^xm 
substaneea,  which  are  not  gaseous,  but  molecular,  are  not  affected  hjiL  A» 
a  general  ventilating  power,  it  is  therefore  inadequate, 

2*  THE  ACnON  OF  THB  WINDS. 

The  wind  acts  as  a  powerful  ventjlatiag  agent,  and  in  varioos  maya 
can  pass  freely  through  a  room,  with  open  doors  and  windowa,  the  efloetl 
prtH luces  is  immense.     For  ejcample,  air  moving  only  at  the  ruU?  of  2  miki 
au  hour  (which  ia  jdfiiix^^t  im]>erceptilde),  iind  allowed  to  pass  freely  througii 
a  s]>uc«  20  feAvt  widi%  %rill  change  the  air  of  the  space  528  times  in  one  hom^ 
No  such  powerfid  action  as  thia  can  he  obtained  iu  any  other  way. 

The  wtud  will  jwii*^  through  walb?  of  wood  (singleH:afl£d),  and  evon  of  pcmraf 
brickiii  or  stone ;  and  pfTbaps  this  wiU  account  for  the  fact  that  such  houses 
thoui,4i  Cijld,  aro  healthy  habitations.  By  covering  a  brick  with  waj^  or 
iiicL  Ksing  a  portion  of  a  brick  wall  in  an  air-tight  box,  PettenkofeLr  h&s  ahowQ 
tluit  the  force  of  the  breath  will  drive  air  tlu'ough  the  brick,  and  will  blow 
out  a  candle  on  the  other  side  if  the  ctirrtmt  of  air  be  colleeted  in  a  flmill 
cbanncl-  The  force  roquinni  to  drive  the  air  through  is^  however,  really  con- 
airb'iuble,  as  the  air  in  the  brick  must  be  brought  tuto  a  state  of  tension. 

Jliircker*  hiw  given  the  following  as  the  amount  of  air  paasuig  in  one  hoar 
thi-oiigh  a  Ht[iisuie  metre  of  wall  space,  when  the  dillerence  of  temp<3rature  ia 
1"*  C. :— Sandstimc,  169;  limcst^^me,  2*32;  brick,  2*83;  tufaceoua  limeatone^ 
3 '64  ;  autl  loamy  l>rick,  5*12  cubic  metrta  of  air.  The  littl»j  jx>rosity  of  saxul- 
stone  depemls  on  the  amount  of  moisture  it  hoLls.  llie  moi^stnre,  in  fact, 
gi'imtly  inllut'nce«  the  transit.  Plaater,  however,  appears  to  arrest  wind,  if  i& 
}m  true,  as  stat+^d,  that  in  the  interior  of  fiome  tjjick  walls^  after  many  jesrsi 
lime  has  been  found  stiQ  cauatic ;  and  Aliircker  also  notices  the  obstruetiTa 
effects  of  mortar. 

There  are  two  objections  to  wiiidE  aa  ventDating  agents  by  perflation. 

1.  The  air  may  be  stagnani  In  thLs  countrv,  and^  iniieed,  in  most 
countrte*^,  complete  quiescence  of  the  air  for  more  than  a  few  huurs  ia  acaitselj 
knowa  Air  is  called  **  stilt  "when  it  is  really  moving  1  or  IJ  mfle  an  hoac; 
TlMi  average  aimuid  movement  of  the  air  in  this  comitry  is  from  S  to  1^  miki 
per  hour ;  but  it  varies,  of  course,  greatly  from  day  to  day,  and  in  diffisranl 

•  Uatewwck  Uber  iwt  et  kiUjatlkbe  Vcntilntioiu  Guttiugen,  1871.  The  TentiUtioi  ti 
enttle  it4llt  ADd  Rtiiblea  ia  well  diacoBaed  in  this  hodk.  Th«  aUndard  of  COj  [s  fixfid  ai  2*5 1p  $ 
per  1000  TolumeJt  of  air 
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plaoML  Tlie  mean  movement  at  Netley  (avenige  of  13  years)  la  about  10^ 
par  hour;  at  Aldershot  it  is  124  miles  per  hoMi  (mean  of  d  years.) 

S*  A  much  more  serious  evil  m  the  uncertainty  of  the  movement,  and  the 
di&ulty  of  reguktion.  Wlien  the  velocity  reaches  5  or  6  feet  per  secontl, 
ankai  the  air  b©  wariu,  no  one  will  bear  it.  The  wind  is  therefore  exeludfHl, 
cr,  U  allowed  to  enter  directly  through  small  opjiiings,  ia  badly  distributed, 
Fiiwing  in  with  a  great  velocity,  it  forces  its  way  like  a  foreign  Iwdy  through 
the  m  m  the  roomi,  causing  dmugbta,  and  escaping,  it  may  be,  by  some 
opeuiiig  without  proper  mixing.  I  have  measured  a  current  entering  in  this 
way  lor  numy  feet. 

But  tjie  wind  acta  in  another  way.  A  moving  body  of  air  set^  in  motion 
all  air  in  ite  vicinity.  It  drives  air  l>efore  it,  and,  at  the  name  thne,  causea 
m  partial  vacuum  on  either  side  of  its  mvn  path,  towartls  which  all  the  air  in 
tht  Yidnily  flows  at  anglea  more  or  less  approaching  right  angles.  In  this 
wmjf  a  amall  current  moving  at  a  high  velocity  wiU  set  in  motion  a  large 
bodjolatr. 

Ilia  windy  tharefore,  blowing  over  the  to|J8  of  chimneys,  causes  a  current  at 
rigM  maglm  to  itself  up  the  chimney,  and  the  unequal  draught  in  fuiiiaces  is 
owiqg^  in  part,  to  the  variati«^n  in  the  velocity  of  the  winiL  Advantage, 
thmlan^  can  be  taken  of  tins  aspirating  power  of  the  wind  to  caiLse  a  tiiove- 
of  air  up  a  tube.  The  wind,  however,  may  uii]>ede  ventilation  by 
:  the  exit  of  air  from  any  particular  opening,  or  by  blowing  down 
/  or  tube.  This  is,  in  fact,  one  reason  of  the  failure  of  so  many 
\  of  V€intilalion ;  they  may  work  vrell  in  a  still  atnujsphere,  but  the 
I  resifliance  of  the  wind  has  not  been  taken  inUi  account.  At  3  miles 
an  boor,  the  pressure  of  the  wind  is  ^  of  an  ounce  on  each  square  foot ;  it  is 
1  oonce  at  3|  miles ;  2  ounces  at  5  miles ;  4  ounces  at  7  miles ;  Jtb  at  10 
milm;  and  lib  at  14  miles.  At  Netley  the  avexage  pressure  is  a  little  over 
|]b  per  s^oafe  fooL 

In  aoma  syat^ma  of  ventilation  the  perflating  jxiwcr  of  the  wind  has  been 
naed  as  the  chief  motive  agent  In  Egjjit  the  wind  is  allowi  <1  to  blow  in  at 
ihe  top  af  the  house  througli  large  fumick.  This  plan  hiis  bciii  in  use  from 
time  immemoriaL  This  was  the  case  in  Mr  Sylvester's  plan,  which  was  used 
at  J>erliy  and  Leicester  forty  or  fifty  years  ago.  A  large  cowl,  turning  towards 
Ihe  wincL,  was  placed  in  a  covenient  spot  near  the  building  to  be  ventilated — 
a  little  above  the  ground  if  in  the  country,  or  at  some  height  if  in  a  towm 
Tbi:  wind  blowing  down  the  cowl  passed  through  an  under-ground  channel  to 
ttK*>  baiement  of  the  house^  and  entci^d  a  chamber  in  which  wtis  a  so-<?alled 
cpckie  jtone,  or  calorifere  of  metid  i>lates,  or  water  or  steam  pij^es,  by  which 
tho  air  was  warmed.  It  then  ascended  through  tubes  Lnt43  the  nxmis  above, 
aud  passed  out  by  a  tube  or  tul>es  in  the  rtmf,  which  were  covered  by  cowk 
taming  from  the  wind.  So  that  the  ;isjmUory  power  uf  the  air  was  also 
tiaed.  This  plan  is  extremely  ec^momical,  but  the  movement  of  the  air  is 
umequsl,  and  it  is  difficult  to  reguLite  it.  It  luis  l>ecn  proposed  to  place  a  fan 
m  me  tunnel  to  move  the  air  in  periods  of  calm,  and  the  plan  tlien  becomes 
iil^nt  inciple,  and  almost  in  detail^  with  the  method  af  Van  Hecke, 

Mr  '   has  employe**!  a  similiur  plan  in  the  ventUation  of  a  dwelting- 

boQSB.  The  iiir  is  warmixl  in  winter  to  about  70"  Fahr. ;  every  room  luis  a 
l0iig:itiidinal  opening  over  eacli  d<x>r,  concealed  by  the  architrave,  and  regulated 
bj  valves,  and  tlirough  this  the  warm  air  frum  the  stairc^ise  enters  the  rooms, 
and  then  posses  up  the  chimney,  and  up  outlet  air-tlut?s  placed  in  the  walla, 
eomneneing  at  the  ceiling,  and  ending  at  the  waljdieads  under  the  roof. 


•  TremtiM  m  VmtihUoa,  by  Robert  Ritchie,  (XB,,  18$2,  ^  60. 
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T»T  Amott  ventilated  the  Field  Lane  Ragged  School  on  this  principle  mikj 
excellent  effect,  as  ifl  shovm  by  the  annexed  cut     Id  this  case,  as  in    " 
others,  the  movement  is  also  in  i^art  carried  on  hy  the  third  cause  of  motiaii* 
^    _  in  air,  viz.,  the  effe<it  of  imfiqjnd 

deiusity  of  masses  of  air. 

In  the  ventilation  of  ahipfi,  the 
wind  is  constantly  used;  and  by 
wind-sails  and  tubes  with  cowla 
turning  towai^ls  the  wind,  aii  is 
driven  between  decks  and  into  1 
hold. 

In  using  the  wind  in  this 

the  dithculty  is  to  distribiite  the  i 

60  that  it  shall  not  cause  draug 

This  is  Iwst  done  by  bending  tlli 

tubes  at  right  angles  two  or  thwft 

timee,  so  as  to  lessen  the  velocitj^ 

by  etdai>,diig  tlie  channel  toy 

the  ujieniug  in  the  ini<irior  of      _ 

vei^sel,  and  by  placing  valves  to  piir- 

p,     ^-  tiiiHy  ck>8e  the  tul»e«^  if  n€H?e 

^'      '  and  by  screens  of  wire-gaune. ' 

In  all  cases  in  which  the  air  of  a  room,  as  in  a  basement  etory,  or  in  the 

of  a  si  lip  perhaps,  is  likely  to  be  colder  than  the  external  air,  and  when  artifi^ 

means  of  ventilation  cannot  be  employed,  the  ivind  should  be  taken  advanl 

of  as  motive  ageni 

Tlie  aspiratory  power  of  the  wind  can  be  secured  by  covering  air-ahafta  with 
moval>le  cowIh  turning  from  the  wind^  and  special  forms  of  covering  heietltir 
described^  which  aid  up  currents  and  prevent  down  draughte. 

3.  MOVEMENTS  PRODUCED  BY  UNEQUAL  WBIGHTS  OF  AIR* 

The  wind  itself  is  caused  by  this  pjwer ;  hut  it  is  necessary,  in 
ventOation,  k>  kwk  upon  this  us  if  it  were  an  indej>endent  foi-ce.  If  the  i 
in  a  room  be  heated  by  fire,  or  the  presence  of  men  or  animals,  or  be  ma 
moister,  it  endeavours  to  expand ;  and  if  there  he  any  means  for  it  to  escape^ 
n  portion  of  it  will  do  so,  and  that  wliich  remains  will  be  lighter  than  all 
eqiiid  liulk  of  the  colder  air  outride,  llie  outer  air  wHl  then  rush  into  the 
room  l>y  every  orilice,  until  the  e^piality  of  weight  outside  and  inside  is  pe- 
establl'^bt  <L  litit  as  the  frei^h  air  which  comes  in  is  in  its  turn  heated,  the 
movement  is  kept  up  in  a  constant  stream,  cold  air  entering  by  one  set  of 
orifices,  and  hot  air  escaping  by  another. 

We  have  now  to  inquire  how  the  rate  of  tliia  constant  stream  of  air  may  1» 
calcuhitetl  t  The  mode  most  generally  used  is  based  on  two  well-kiKifini 
laws ;  first,  that  the  velocity  in  ftx^t  j>er  second  of  falling  bodies  is  equal  U> 
(neai'ly)  8  times  the  square  root  of  the  height  through  which  they  have  iBUm; 

^  Afl  tb«  usf!  of  perforated  xinc  platen  aod  of  wiiv-gaTiiE©  is  very  coraroon  in  ventilRtioB*  it  ^ 
BHBceBMry  to  Ibeur  in  miod  tlint  tUvfie  scncenn  very  soon  gel  cloggvd  with  ^iii.  In  all  c«m«  tJitf 
ehonld  be  bo  airanged  a§  to  1>e  Baaily  inHpt^ctcd  and  cleaned  ;  and  it  should  be  m  matter  or  niutiM 
dnty  to  se«  ihut  they  are  constantly  kept  clean.  It  uliould  al&o  l>e  understood  that  the  delay  If 
friction  through  the  fine  wire-gauie  ia  ejtt^eedingly  grvat  I  believe  it  is  better  to  a^oid  uxir 
oee  OR  nmcb  bs  poaaible* 

t  Many  of  tbe^e  points  are  given  in  Hood's  Treatise  on  Wanning  and  Ventiiation,  iod  it 
Wolpert  (Princi^ien  der  Vent,  und  Luftheizunp^,  aad  are  also  tliscussed  in  Peclet  (TraiU  ditlt 
Chalenr,  3d  edit*),  and  by  Ceueral  Morin  (Etudes  &ur  la  Ventilation,  Paria,  IhttS,  t.  ii.K  to 
which  referenco  la  made  for  thoM  who  wish  to  enter  into  the  niathematieal  part  of  the  intiaiiy. 
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that  Euide  paa«  through  an  orifice  in  a  partition  with  a  velocity 
which  a  body  would  attain  in  falling  througli  a  ht^ight  e<^[tial  to 
in  depth  of  the  fluid  on  the  two  sides  of  tho  partition,*  Tho 
of  air  upon  any  surface  may  be  represented  by  the  weight  of  jx  cohinni 
of  uniform  density  of  a  certain  height.  Thus  the  pre«^«iir6  of  tbe  atmo- 
at  the  surface  of  the  earth  is  nmriy  15Ib  on  the  square  incli,  and  thia 
would  be  the  weight  of  a  cji>lunm  of  air  of  abi>ut  6  niik^  in  height.  Air, 
tlwvefbici)  rmihea  into  a  vacuum  with  a  velocity  e4|ual  to  that  ivhich  a  heavy 
hoAfWtnM  acquire  in  falling  from  a  height  of  5  mik^  viz.,  1304  feet  p*^r 
But  i4  instead  of  rusliing  into  a  vacuum,  it  raaJi  into  a  chamlxT  in 
ch  the  air  has  less  preesure  than  outside,  its  velocity  will  be  thut  due  to  a 
which  ropresenis  the  difference  of  pressure  outside  and  insiile.  In 
toja  dilTenence  of  pressure  cannot  be  obtained  by  direct  observa- 
tmi  mu0t  be  infem^d  frc»m  the  differenee  of  temperature  of  the  outer  and 
iniMr  air.  Air  is  dilated  one  part  in  4D1  of  its  volume  for  every  degre<^  of 
Fafaresiheit  that  its  temperature  m  raised,  conaequently  the  difference  of  preesuro 
OOtnde  and  in^iide  will  be  as  follows : — 

The  height  from  the  ajverturo  at  which  air  enters  to  that  from  which  it 
«Kapea,  multiplied  by  the  diflerence  of  temj>erature  between  outside  and  ineide, 
ttttddirided  by  49L 

II  tlie  lieight  be  20  feet,  and  the  difference  of  temperature  15  degreee,  we 

20  X  15 
kare  the  lieight  to  produce  velocity  of  inflowing  current^     Tq,-    =061  of 

Hloot^  and  the  velocity  =  8  ^^1=8  x  -781  =  6 '248.  This,  however,  is  the 
theoretical  Telocity,  In  practice  an  allowance  must  be  made  for  frictiinn 
*>^  if  1»  ^  OTen  J,  a<?ourdiiig  to  circumstances.  The  diminution  of  velocity 
from  fn'ctioD  is  in  proportion  to  the  length  of  the  tube,  and  in  invert  ly  aa  the 
diameter.  B%ht  angles  greatly  increa^se  the  friction  t  The  friction  iiun^asi'S 
also  as  the  aqiiare  of  the  velocity.  The  deduction  of  ]th  would  leave  4'G8G 
feel  per  second  as  the  actual  velocity.  If  this  be  multiplied  by  the 
of  the  opening,  in  feet^  oir  decimals  of  a  foot^^  the  amount  of  air  is  ex- 
'  in  cubic  feet  per  second,  and  multiplying  by  60  will  give  the  amount 
per  Buaute^ 

A  talde  m  given  at  page  178,  in  which  this  calculation  has  been  made  for 
all  prolttble  temperatures  and  heights ;  but  it  must  bo  remembei*ed  that  the 
mtfTcment  b  greatly  influenced  by  the  wind. 

Hia  cause  of  movement  is,  of  course,  conBtantly  acting  when  the  tempera- 
tiuu  of  the  air  changes^  It  wOl  alone  suffice  to  ventUtite  idl  roouLs  in  wliifh 
the  atr  is  hotter  than  the  external  air,  but  will  not  answer  when  the  air  to  be 
ebiuiged  is  equal  in  temperature  t-o,  or  colder  than,    the  external  air. 

As  its  action  is  e^juable,  imjMjreeptible,  and  continuous,  it  is  the  mo^t  useful 
4gi>ncy  in  natural  ventilation  in  cold  climates,  in  inhabited  and  warm  roon:ut ; 

i  in  all  habitations  arrangements  should  be  made  to  allow  it  to  act  As 
the  actiuu  increases  witli  the  diflerence  of  temperature,  it  is  most  powerful  in 
wssilec^  when  rooms  ore  artificially  warmed,  and  is  least  ao,  or  is  quite  arrested 


•  tUi  it  ftwnieDtlv  ctlled  the  Bole  of  Moatgotfler.    The  foinmk  b  r- V2  d  H  ;  g  being 
|k«  wfun^ntwn  of  Telocity  in  «ftch  ueoond,  oS  time,  vis.,  ^2rl%  fiaet,  and  H  th«  heigki  of  ttie 

f  TImi  tHctlon  ouiaed  hf  aagles  it  probably  nearly  in  the  proportion  of  i  j.^-^  ■  ^f  vhtre  9  \b 

t^  9a09  Id  tlM  tubs ;  bj  thii  formala  right  angles  would  caiue  a  lou  of  one-half  the  velocity. 
t  U  vill  b«  amad  alwayt  maim  to  take  the  area  in  decimala  of  a  foot  instead  of  inchea  ;  but 
if  H  tia  Uk»n  la  taiobea«  multiptr  the  linear  diachaive  hy  the  nnmber  oC  iquara  incbea,  ami 
"    ■   by  144. 
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in  summer,  or  in  hot  climates,  when  the  internal  and  external  tcmperavii«  ^ 
ore  iiieatic^L 

4.  PRACTICAL  AFPLIOATION  OF  THi:  GENERAL  STATEHBNIH  OF  XATXTRAL 

VENTILATION.* 

1.  No  particular  arrangements  are  nec€8sarj  to  allow  diffusion  to  act,  exoe^ 
ttint  there  ahoH  be  communication  between  two  atmoapherei^. 

2,  To  obtain  the  perilati<jn  uf  the  wind^  windows  should  be  placed^  in  all 
cases  where  it  can  he  maoaged,  at  opposite  sides  of  a  room*  The  windows  should 
open  at  the  top,  and  in  case  the  wiad  has  a  high  velocity,  means  should  be 
taken  to  distribute  it.  This  can  be  done  by  sloping  the  window  inwanU 
when  it  opens,  or  a  board  may  be  placed  obliquely  uj>wards  from  the  top  mdk 
of  the  window,  when  it  opems  in  the  usual  way ;  theu  the  air  striking  agiuml 
the  hoartl  is  thro\m  up  towards  the  ceiling.  Or,  wire-gauze  may  cover  tha 
sfjace  left  when  the  window  is  open*  Tlio  velocity  of  the  wind  is  checked  by 
the  gauze,  and  the  current  is  minutely  divided 

Viuioiis  phius  liave  heeu  proposed  hy  tiift'ereut,  persona.  The  pauea  of  ^ 
may  he  made  double,  spaces  being  left  at  the  botftmi  of  the  outsido  jjaue,  i 
at  the  top  of  the  inner  one,  so  that  the  wind  is  »ibliged  to  pass  up  bet 
the  two  panes  before  it  enters  the  niouL  Or,  the  lower  sash  b«nng 
and  a  piece  of  wood  placed  below  it,  the  air  is  ^allowed  to  jwiss  thixjugh  I 
splice  left  between  the  upper  and  lower  sashes.  Or,  glass  luiivres,  which  i 
be  more  or  less  chised,  are  placed  in  one  of  the  panes  of  the  window ; 
number  of  holes  are  obliquely  bored  through  the  jmnes,  through  which 
air  may  pass  up  towards  the  ceiting  before  it  intermixes  with  the  air  of 
room.  In  Lockiiead  a  ventilator  there  is  a  frame  over  the  glass  louvn^  unSh 
a  regulator  in  the  centre.  In  Cooper*8  ventilator  a  movable  plate  of  ghuB  em 
be  brought  hy  a  movable  handle  over  the  cjpening* 

StaDaivl  has  proposed  to  ventilate  worksho^js  and  factories  by  hsv 
double  ceiling ;  the  lower  ceiling  is  to  be  made  of  ?:mc  or  oiled  paper, 
forated  with  very  numerous  small  holes ;  and  the  sjmce  between  the  i 
ceilings  is  to  be  freely  open  to  the  air  on  all  sides  ;  thus  there  wonld  bo  i 
open-air  breathing,  as  the  communication  with  the  external  air  would  be  < 
stant  and  at  all  paiis  of  the  rooitu 

Mr  Potts' proposes  a  double  cornice,  perforated  tli rough  two  sets  of  boles; 
the  upper  holes  are  connected  by  me^ans  of  the  u]>iier  tulie  of  the  cornice  witl 
the  chioiney,  the  lower  with  the  outside  air ;  the  fre^h  air  is  supposed  to  enter 
the  Kiom,  flow  down  the  walls,  and  l>e  genenilly  difliiseil,  whilo  the  vitiat<^l 
air  rises  to  the  top,  and  passes  off  tlirough  the  upper  holes.  It  is  believi>l  iu 
this  way  that  continual  movement  and  good  distribution  are  secured,  I  hav« 
not  seen  the  residta  of  any  systematic  inquiry,  but  the  plan  has  l>oen  w<&U 
spoken  of  by  some  engineers. 

Besides  windows,  special  openings  may  be  provided  for  the  wind  to  hlovr 
tlirougli,  as  in  the  plans  already  referred  to  of  Mr  Sylvc^st/cr  ami  Dr  Anuiti 

In  all  warm  climates,  where  no  chill  can  1x3  prmluceii  by  wind,  it  is  a  good 
plan  to  muke  the  walls  entirely  pervious.  Nothing  can  be  beltex  than  IbB 
ventilation  of  the  banib«xi  matted  houses  in  lUirmah.  The  wind  blowi 
through  them,  but  is  so  broken  u]>  Into  currents  that  it  is  not  in  the  lea* 
unplejisant  Even  in  ctdder  j)arts  of  Indiii,  the  tipper  parts  of  the  walls  mi^ 
be  made  thus  pervious,  provision  being  made  to  cover  them,  if  neo&maejf  m 
the  cold  scsison- 

•  A  very  good  acconni  of  the  vuious  plima  in  natuml  Teniikilon  will  tw  foiiod  in  Mt 
Bdwaid'i  work,  "  On  tile  Ventilation  of  Dwelling- houses,"  IBQB,  in  which  figurefi  of  tliis 
art  given. 
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To  obtain  the  full  eflect  of  the  aspiratiiig  power  of  the  wind,  chinineya  or 
rentiiating  tubea  should  ho  fitteil  with  cowls  turning  away  from  the  wind. 
rhB  cowl  should  he  large,  aud  ahould  expand  greatly  towartls  the  end,  so  as 
to  make  the  tulibre  of  the  opening  several  times  greater  than  that  of  tlie  tube 
[fig.  13).  Most  cowls  on  chimneya  are  too  small  The  iipj>er  rim  should  also 
firojeet  n  little^  so  as  to  lessen  the  chance  of  rain  getting  in. 

Another  fonn  of  covering  is  represented  in  fig.  1 2^  aud  is  also  drawn  in 
lectiou  (fig.  14),  Whichever  way  the  wind  blows  it  almost  always  e-ausea  an 
Hp-diaught,     A  Kttle  rain,  however,  may  possibly  penetrate^  but  otherwise  it 


Section  of  Fig,  12, 


Tig.  13, 


Fig.  12. 


Fig.  15. 


0  as  good  as  the  cowl  Dr  Macdonald^s  twin-fan  ventilator  may  be  used  also 
[see  %  21,  page  164). 

Louvred  openings  are  not  nearly  so  good ;  the  aspirating  effect  is  much  less, 
lown-diaughts  ar«  ci^mmon,  and  raiu  gtJts  in.  If  louvrea  are  used,  a  j^kn 
n vented  by  Mr  Kitcliie  is  a  good  one.*  Insido  the  louvre  m  a  movable 
jylimltT,  tuniing  with  a  %Tine ;  on  the  side  opponte  the  wind  is  an  opening 
»hrr»i3gb  whic*h  the  air  escapes  (tig.  15). 

3.  The  movejnent  produced  by  the  ditference  of  weight  of  unequally  heaii^ 
Kiclies  of  air  will,  of  course^  go  on  tlirtmgh  ofven  wintlows  and  doora,  nwl 
;lun:mgh  all  the  contrivances  just  mention&l.  But  asm  cold  climati'*?  windows 
\nd  doors  must  sometimes  be  shut,  no  room  of  any  kind  should  bo  without 


♦  Pcdet  (op,  cit  t  i  p.  241)  fifttrci  ft  vodety  of  chtiniiey  coverings,  and  many  othera  liav© 


i 
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additional  openings,  which  may  permit  this  movement  firom  tmeqoal 
tiire  to  ^'o  on.     The  ^Teat  liifficulty  here  is  to  exclude  the  action  of  the  iinJ; 
anil,  in  fatt,  it  m  impossible  to  do  so ;  but,  as  far  as  poesihle,  the  opesnp 
should  Iw  iiroteckd  from  the  pertlating  influence  of  the  wind,  eo  that  anlj  tlf 
aspirating  force  shouirl  be  acting.     Tli«y  ebould   be  capable  of  being  l&md 
in  eiz^j  when  the  difl'erence  of  the  external  and  internal  temperatui««  is  mi, 
Aa  long  as  there  are  opeuings,  movement  will  go  on  ;   and  it  dom  not  ml|f 
matter,  as  long  as  theTO  is  pn>per  difltribnition^  w^here  the  air  comtt  in  orfHI 
out,  or  whetliiT  its  direction  is  confitant     In  fact,  it  scarcely  ever  ia  oaotl^ 
80  liable  is  the  direction  to  1>b  altert^  by  winds^  by  the  action  of  tlieai 
heating  oni^  side  of  a  rtxjm,  by  the  unequal  distribution  of  heat  in  the  rwm 
&c.     Still  it  seems  desimljle,  as  far  as  it  can  he  done,  to  make  such  Jn«||^ 
meats  as  shall  give  the  movement  of  air  a  certain  direction  ;  and  thewfow,  fl 
most  Bystems,  some  of  the  openings  are  intended  for   the  admidaion  of  foi 
air ;  and  are  called  inlet,  entrance,  or  wMiiction  openings  ;  others  ai*  iiiteiiiM 
for  the  diacharge  of  impure  air — and  are  termed  exit^  outlet,  or  abducioi 
openings. 

Total  »ize  of  ail  the  special  *>pfningtt^  whether  intended  for  Inletg  or  Ou^— 
As  the  movement  of  air  increases  with  temperature,  the  size  of  th«i  arertwt 
can  only  bo  tixe<l  for  a  certain  given  temperature ;  and  as  the  eflHux  of  botilr 
increases  with  the  height  of  the  colunm  (supposing  the  tempera tuw  if  mi 
throughout),  a  different  size  hfts  also  to  be  fixed  for  diifeii>nt  heightiL 

This  cauaea  a  difficulty  in  iixijig  the  proper  size  for  ventilating  opening k 
the  case  of  natural  ventUation,  as  the  conditions  are  so  vaiiahk  Til 
theoretical  size  for  any  re«|uired  change  of  air,  supjiosing  the  conditions  vw 
constant,  may  be  obtained  from  the  table  at  page  1 78,  which  is  calcatilri 
from  Montgoliiers  formula,  witli  a  deduction  of  \  for  friction. 

Thus,  say  that  tbe  height  of  the  heated  column  is  20  feet,  and  the  di^nttl 
of  temperature  between  the  air  in  the  room  and  that  outside  is  20*  the  ^SM 
rate  of  discharge  as  stated  by  the  table  (allowance  being  made  for  frictka)  ii 
322  feet  per  nnnute,  or  19,320  feet  per  hour.  If  the  opening  wore  1  wmt 
foot,  this  would  give  19,320  cubic  feet  per  hour.  But  if  3000  cubic  faeilff 
hour  are  wanted  for  one  man,  the  orilice  of  1  stj^iiare  foot  or  144  sqiuro  xmf^ 
is  too  large,  and  must  be  lessened  in  the  propoition  of  3000  to  19,9101 
3000  X  U4       ^^  .     t.     >        J  ^      V    . 

^~1 9  3*>0  ^  ^       square  mches  (round  numbers),  t.fl.,  reduced  to  22  »qtai» 

inchea     There  must  be  a  coiiesponding  space  for  entry,  making  the  tolil 
ventilating  opening  44  square  inches. 

To  take  another  example;  let  us  say  the  heated  column  is  15  f eet,  tk 
difference  of  temperature  10*,  and  the  required  supply  for  one  man  3OO0 
cubic  feet  The  table  gives  the  linear  rate  as  197  feet  per  minute^  or  ll,$1ft 
per  hour;  an  orifice  of  144  square  inches  woidd  then  give   11,820*  aad  IB 

orifice  of  24  eixuaro  inches  would  give  2000,  f  —     ^    —  ^   24   )-     Blit 

if  in  the  above  conditions  3000  cubic  feet  hourly  supply  were  wanted,  lb 
opening  must  be  36  si|uart^  inches.  These  examples  show  how  impomUl 
it  is  to  hx  any  size  which  shall  meet  aU  conditions,  even  if  the  influeooe  of 
wind  could  be  completely  excluded,  which  is  inipoasible.  The  only  way  ii 
to  adopt  a  size  which  will  meet  most  cases,  and  supply  means  of  alteriQg  fiht 
si^  according  to  circumstances.  In  this  country,  a  size  of  24  square  inelMi 
per  head  for  inlet,  and  tlie  same  for  outlet,  seems  calculated  to  zneet  oommos 
conditions ;  but  arrangements  should  be  made  for  enabling  this  to  be 
or  closed  in  very  cold  weather,  or  if  the  influence  of  staoi^  winds  is 
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much  felt*  Moreover,  the  Buse  miMt  be  in  part  iie}>enilent  on  the  aize  of  the 
XOOtDf  becaiwe  in  a  atmill  room  with  many  people  it  is  impossible  tn  have  the 
sse  80  great  as  it  wouJd  be  if  each  persun's  ejiac©  were  48  square  inches,  imlees 
wome  portion  of  the  air  were  warmed. 

ReitUive  siz^  of  the  Inletft  and  Otdlets. — It  is  commonly  stated  that,  m  the 
limted  air  expands,  the  outletji^  should  he  larger  than  the  iMle^  and  the  girat 
diBproportioiis  of  5  to  4  and  10  U:t  9  ha\'e  been  given.  Aa,  however,  the 
average  diffexBiiee  of  temperature  is  only  about  10°  to  15'  Fahr.  in  this 
etMintey,  the  dispToportion  is  mueh  too  great,  as  a  cubic  foot  of  air  only 
expands  to  1020361  cubic  feet  with  an  increase  of  lO"".  Even  if  the 
difierenoe  is  30*  Fahr.,  a  cubic  fcKjt  of  air  only  beeoraei?  1061  cubic  feet, 
which  is  equal  to  an  increase  of  about  j\th.  The  differt^nce  is  so  slight  that 
H  may  be  neglected,  and  the  itJeL*^  and  outlets  can  be  made  of  the  same  size. 

It  IB  desirable  to  make  each  individual  inlet  o|>ening  not  larger  than  48  to 
M  Bquaie  inches  in  area,  or  enough  for  two  or  three  men  ;  and  to  make  the 
outlet  not  more  than  one  sf|uai"e  fix)t,  or  enough  for  six  men.  Distribution  is 
more  certain  with  these  small  openings.  It  must^  however,  be  borne  in  mind, 
that  if  a  calculation  lh  made  for  a  single  opening  of  a  certain  siae,  dividing  it 
into  a  numljerof  smaller  openings  causes  a  great  loss  by  increasing  the  friction. 
This  loes  ie  in  the  ratio  of  the  scjuare  roots  of  the  respective  areas.  Projxir- 
tionate  allowance  must  of  course  l>e  laade.f 

Ptmlion  and  DtJfscripttfm  of  the  Iidei  and  Outlei  Tubes. — 1,  Inktg,'^T\m 
air  must  be  taken  from  a  pure  source,  and  there  must  l>e  no  chance  uf  any 
afflaTia  pMeing  in.  As  a  rule,  tlie  inlet  tubes  should  be  short,  and  so  made 
as  to  be  easily  cleaned,  otherwise  dirt  Iwlges,  and  the  air  liecomes  impure. 
Inlets  should  not  be  large  anil  single,  but  rather  numerous  and  email  (from  48 
to  60  inches  snperticial),  so  that  tlie  air  may  he  proj>erly  distributed.  They 
should  be  conical  or  trumpet-shaped  where  they  enter  the  room,  m  the  entering 
air,  after  perhaps  a  slight  contraction,  Bpreads  out  fan-hke,  atid  a  slight  back- 
eurrent  from  the  room  down  the  sides  of  the  funnel  facili talk's  the  mixing  of 


*  Thf  following  foTTDuk  proporte*l  by  Ur  "le  dmurnont  can  be  tw«rd  lastead  of  tke  table  at  paj^ 
17flL  No  correction  is  made  for  friction,  and  therefore  the  aijiesshoiibl  l>e  mrrtAM^d  in  tbe  pro- 
portkm  of  3  to  4  if  tbe  outlets  are  long.  It  is  bwerl  on  Montj^oltiur'h  fnmiulci,  w itb  th*  H  i»rbargo 
cnldUated  for  the  hour  and  for  square  incheSj  iojit^ail  of  for  the  minute  and  the  Imear  di^harge^ 
m»  in  the  table. 

Let  h  be  the  height  of  the  heated  colnmn  of  air ;  t  iU  temperatnre ;  f  the  temperature 
of  the  eitenial  air  ;  K>02  the  ratio  of  expAUsion  of  air  for  each  degn^e  of  Fahr.  ;  and  100  a  con- 
itADt.     Let  D  be  the  detiir«ry  requiriia  i^t  hour,  and  <t  thij  total  iukt  and  outlet  area  in 

rfochee.    Then  to  ftad  ♦  : 


•^  ^ 


100(^A(i-O  X  *2O0) 

Example  :  Suppoie,  as  in  the  text,  that  the  heated  column  be  20  feet,  its  mean  temperfttllni 
Ii6%  mod  that  of  the  outer  air  45^  and  the  required  delivery  he  3000  cubic  per  hour; 

100  (V  2^(65'  -  451  ^r^062) 
•quare  inches  for  inlet  or  outlet,  or  16"76  for  inlet  alone.     Increasing  tbi»  on  the  auppoRition 
ibAt  a  quarter  of  the  velocity  is  destroyed  by  passage  through  a  loRg  tube,  the  sikc  of  the  inlet 
frpcalng  will  be  22  Kquare  itichee  (round  numbers). 

A  oowrerae  formula  by  Br  de  Chaumont  may  he  also  useful.     If  the  area  of  the  inlet  opening 
{^*\  is  known,  to  find  the  delivery  per  hour  under  conditions  A,  i,  and  t. 


200  (^^TTT-TT) 


^a 


Ttie  eonttant  4t»  ii  obteined  by  multiplying  3<J00  (seconds  per  hour)  by  tRicetbe  sqoare  roi>t 
of  1^  r)»  ( —  8  nearly K  and  dividing  by  144  square  inches.  By  halving  tliia  constant  we  get  the 
Uttinber  for  both  inlet  and  outlet  topri^ther. 

-^  That  if  we  divide  an  opening  into  four  parts,  wo  shallget  only  ono-half  as  much  air  through 
fba  four  opeuin^s  aa  we  got  through  the  single  opening  ;  so  that  to  get  the  a&me  amount  with 
diiiilon,  «ach  pari  muai  be  equal  to  half  the  original  opening. 
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tlie  entering  air  with  that  of  the  room.  To  lessen  the  risk  of  imme^ili^ 
down-draught  they  Bhoiild  turn  iipwartis,  if  they  are  placed  above  the  head! 
of  the  persons.  Externally  the  inlets  should  he  x^^^rtlj  protected  from  tha 
wind  ;  otherwise  the  wind  blows  through  them  too  rapitily,  an<l,  if  the  cuffesl 
be  strong,  dmughtsS  are  felt;  an  oveThangmg  shelf  or  hood  outside  inll 
answer  pretty  well.  Yalve-s  must  lie  provided  to  partially  dose  the  openini^ 
if  the  wind  blows  in  too  strongly,  or  if  the  change  of  air  is  too  rapid  in  eold 
weather.     If  covered  with  wire-gauze,  it  miist  be  frequently  clean^ 

8onietimt>8  an  inlet  tube  must  be  carried  some  distance  to  an  inner  room, 
or  to  the  ojiposite  side  of  a  large  room  which  is  nnproFided  with  croas^vieflitik- 
tion.  In  this  case  the  heat  of  the  room  so  warms  the  tube  that  the  wind 
may  be  permitted  to  blow  through  it 

The  position  of  the  inlets  is  a  matter  of  some  difficulty.  If  there  m 
several,  they  shoidd  Ije^  of  course,  equally  distributed  through  the  room,  m 
as  to  jnsurti  proper  mixing  of  the  air.  They  should  not,  however,  be  pUiioed 
too  near  an  outlet,  or  the  fresh  air  may  at  once  escape ;  thec»retically,  tbdr 
propiir  place  of  entrance  is  at  the  bottom  of  the  room,  but  if  bo,  the  air  miMl 
in  this  climate  be  warmed  ;  no  peKon  can  Ijear  the  cold  air  flowing  to  viA 
chilling  tlie  feet.     The  air  can  be  warmed  easHj  in  various  ways,  vijt : — 

(fi.)  The  air  may  pass  through  Iwxes  containing  coils  of  hot-water  pipn, 
or  {m  factories)  of  steam  pipes.  This  is  the  best  mode  of  wanning.  The 
cods  111  By  be  close  to  the  outside  wall,  or  in  the  centre,  or  in  hospitals  in  boi^ 
nnth?r  the  beds,  communicatLng  with  the  exterior  air,  and  opening  into 
the  ward. 

{k)  Tlie  air  may  pass  into  air-chambers  behind  or  round  gratea  and  atorei^ 
and  he  there  warmed,  as  in  the  present  barraclt  ajid  hi^spital  grate,  (Nintrivwl 
by  Captain  Galton ;  or  as  In  the  Meiasner  or  Btihm  stoves  of  C^rmany  ;  *  or 
as  in  the  terra  cotta  stove,  in  the  Herbert  Hospital  at  Woolwich.  (See 
Warming.) 

If  the  air  cannot  be  warmed,  it  must  not  be  admitte«l  at  the  bottom  of  Um 
room;  it  must  be  let  in  above,  about  9  or  10  feet  from  the  floor,  and  ht 
din^cted  towards  the  ceiling,  so  that  it  may  pass  up  and  then  fall  and  mix 
gi'ailually  with  the  air  of  the  room.  The  Barrack  Commissioners  have  adopted 
thin  pLm  with  kdf  the  frfish  air  brought  into  a  barrack-room*  The  (Mm 
half  k  warmed.     It  aaswcrs  very  well 

In  towns  or  manufacturing  districts  the  air  is  so  loaded  with  particliea  oi 
coal,  or,  it  may  l>e,  other  powders,  that  it  must  he  tiltered.  Nothing  answva 
better  for  this  than  niushn  or  thin  porous  flannel,  or  paperhangerB*  canTU^ 
spread  over  the  opening,  which  then  should  bo  made  larger.  This  ooverug 
can  be  moistened  if  the  incoming  air  be  too  dry. 

The  tubes  propmsed  by  Mr  Tobio  of  Leeds  provide  for  the  introduction  of 
air  from  the  outside  at  the  floor  level  and  then  up  a  vertical  tnbe^  abont  4  feet  ia 
height ;  this  gives  a  vertical  direction  to  the  current,  which  is  retained  for 
several  feet  further  before  it  begins  to  spread  and  descend.  The  action  of  audi 
a  tube  is,  of  course,  much  affected  by  the  direction  of  the  wind,  and  in  eoam 
instjinces  it  is  reversed  altogether.  The  method  is,  however,  useful  in  aonit 
caHi?s,  parti eidarly  for  introducing  air  into  places  which  could  only  lie  reached 
with  (lilficiilty  by  other  means.  It  has  been  tried  on  a  largo  scale  at  ~ 
Mary^s  Hospital,  Paddington,  with  fair  success.f  In  some  forms  (as  ma<ie  1 
the  Sanitary  Engineering  Company),  there  is  an  arrangement  for  "vvnoahing  tho  i 

*  The  OermftDK  Appear  to  be  now  itiAklng  ^reat  use  of  those  veatiktln^  itove^  in  tioapiU!% 
aad  even  in  priTdt*  aouses.     I''*or  a  good  itccouiit,  see  Rotli  and  hax^  L  c.  p*  248,  H  mq, 
t  8««  Dr  de  Cliaumont'a  Report  Qp,  cU, 
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impmities.  A  eomewkat  similar  vertical  tahe  is  advertised  by 
itoe  and  Shortlaud  of  Manclieater.  A  modificatioii  for  bedrooinfl 
oms  in  private  houses  is 
by  Mr  Tobiu,  viz.,  to 
between  the  sashes  of 
flo  that  the  air  enters 
when  the  window  is 
'This  is  similar  in  principle 
yr  modifications  of  window 
^on  idieady  referred  to,  hut 
gr  adapted  for  comparatively 
NxuBS,  and  ifi  tjiiite  inappli- 
t* a  hospital  wanl  or  the  lika 
Mds. — The  place  for  tha 
I  is  a  most  im{>ortant  con- 
l&n,  as  it  will  detormine  in 
Itaaure  the  position  of  the 
>  I£  there  are  no  means  of 
the  air  passing  through 
liej  should  he  at  the  top  of 
jm;  if  thL*re  am  raetiius  of 
f  them,  they  may  be  at  any 
If  not  artificially  warmetl, 
[;hest  outlet  tube  is  uj^ually 
lit  of  greatest  discliarge,  and 
HBB  the  f*iily  one. 
7tiiJ€t  Tnfje^  tmthout  Artiji' 
jw/, — They  should  be  placed 
liighest  point  of  the  room ; 
be  indosed  as  far  as  posai- 
)Sak  walk,  so  as  to  prevent 
\  being  cooled ;  should  he 
and  with  perfectly  smooth 
surfaces^   so  that  friction 


Fig.  10.— Vertical  inlet  tube. 


may  be  reduced  to  8  minimum.  In 
ley  nwiy  be  ro^ind  or  sqiiare,  and  they  must  be  covered  above  with 
Bparatus  (the  cc»wl,  hexagon  tube,  &c.),  which  may  aid  the  aspirating 
H  the  wind,  and  prevent  the  passage  of  rain  into  the  shaft.  The  lonvred 
^    are  not  the  hmL 

down-draught  bji^  down-gusts  in  outlet  tubes  are  these,  the 

the  air  ;  rain  gtjts  in,  and,  by  evafKjration,  so  cools  the  air 

heavier  than  the  air  in  the  room  ;  or  the  air  becomes  too  much 

ptwmige  through  an  axposod  tutje,  so  that  it  cannot  overcome  the 

tbe  8Uperiricuml>ent  atmosphere ;  or  another  outlet  shaft,  with  greater 

revefses  tha  cui'rent. 

mont«  should  be  made  to  distribute  the  down-draught,  if  it  oc-curs  ; 

pbu'^ri  at  84jme  little  dLsUince  bt«lu\v%  6<i  as  to  throw  the  air  upwards 

Bfore  it  mixes  with  the  air  of  the  room,  or  simple  contrivances  of  a  similar 

y  be  usetL     Valves  should  be  also  fixed  to  lessen  tlie  area  of  the  out- 

nee*^fisary.     If  there  are  several  outlet  tubes  in  a  rooui,  aU  .shuidd 

:c;  ttt  the  same  ♦listrttnce  froni  the  floor,  be  of  the  same  height  {or  the 

will  be  unequal),  and  have  the  same  exfwsuro  to  sun  and  wuiil. 

riilge  op<^nijigs  may  be  usevl  in  one-storied  buildings  with  slanting 

ey  ventilate  most  thoroughly,  but  snow  sometimes  drifts  in.     Kain 

prevented  entering  by  carrying  down  the  sides  of  the  overhangmg 
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ridge  for  some  little  distanoe.     A  ilange  placed  some  little  dit^tanor  beloir  wM 
throw  any  down-draught  ti:> wards  the  walk,  | 

(h)  Outktif  ttith  AHijicial  WarmtL—The  discharge  of  outlets  is  madman 
certain  and  constant  if  the  air  can  be  warmed.  The  chininey  with  open  £]|H 
an  excellent  outlet — bo  good  that  in  dwelling-housea,  if  there  are  proper  T^tlt^M 
no  othur  outlet  need  be  made.  T^VTien  roonis  are  large^  and  more  croiiijfl 
other  outlets  are  necessary ;  the  heat  of  the  fire  may  be  farther  uUluidfl 
shafts  round  the  chimney,  opening  at  the  top  of  the  room,  or,  in  other  wc^M 
by  surrounding  the  smoke-flue  with  foul-air  shafts.  fl 

Gas,  if  used,  should  in  all  eases  be  made  to  warm  an  outlet  tube,  hcidlS 
carry  off  the  products  of  combustion,  and  to  utilise  its  heat.  The  best  tm^f 
meat  appears  to  be  to  place  over  the  gas-jet  a  pijie  to  carry  off  the  prodttdlH 
corabufition,  and  to  case  the  pipe  itself  with  a  tube,  the  opening  of  TriiKlH 
at  the  ceiling ;  the  tube  carrying  of!"  the  gas  products  is  hot  enough  to  csiafl 
very  considcmble  draught  in  its  casing,  and  thus  two  outlet  i^umeiits  amH 
action,  one  over  the  gaa,  and  one  from  the  ceding  round  the  gas-tuliev  B 
luodification  of  the  lamp  proposed  in  1846  by  Mr  Rutter  answers  tot  t^| 
and  is  now  coming  into  use,  as  arranged  by  ^Ir  Ricketta.  H 

In  variolic  other  ways  the  heat  of  fire  and  lights  may  be  taken  adTinti^H 

There  will  be  seldom  any  diJBculty  in  arrauging  the  inlets  and  outlet  ^M 
in  obtaining  a  satisfactory  reault,  if  these  principles  are  bc^m  in  mind,  mufl 
have  the  fresh  air  pure,  to  distribute  it  properly,  and  to  adopt  every  msttlH 
securing  the  outlets  from  cold  or  of  artificially  warming  them,  and  of  distnfafl 
ingtheair,  which,  in  spite  of  all  precautions,  will  occasionally  pass  down^tf^ 

In  hot  climates^  when  outlet  shafts  are  run  up  above  the  general  level  i 
the  bmltling,  it  would  l>e  of  advantage  to  nmke  them  of  brick  work,  lodto 
colour  them  black,  so  that  they  may  absorb  and  retain  heaL  j 

5.  PLANS  OF  TUBES  AND  SHAFTS  WHICH  HAVE  B£EN  PBOP0SK)w    ^^H 

In  most  of  tliR  plans  w^hich  have  been  proposed,  the  inventore  haviQ^^^^^| 
tinctly  seen  that  the  influence  of  the  winds  and  of  the  movement  of  fQR| 
duced  by  unequal  tem]-»eratures  must  be  carefully  difitingui&hcd,  and,  B&iuM 
can  be  done,  provided  for. 

L  €}pemvff»  at  mire  to  the  Ouf^r  Air  for  Itdds^  the  Chimnet/  hein^  rtlitdm 
far  the  Otitlih  orSjfecial  Tubes  fixed  in, — Perforated  or  air  bricks  are  let  iniii 
the  w^alls.  A  usual  size  is  9  x  3  inches,  and  the  united  area  of  aD  the  aenfil 
openings  in  one  brick  is  about  11^  square  inche^^*  Another  common  siwii 
10x6  inches,  with  an  open  area  of  ab<mt  24  square  inches.  The  wind  Uaw 
freely  through  them,  and  draughtja  are  ]j reduced. 

The  Sheringham  valve  is  a  great  improvement  on  this ;  the  air  pmt 
through  a  perforated  brick  or  iron  plate,  and  is  then  tUreeted  upwards  lif  I 
valved  oj^cning,  which  cim  be  closed,  ii  neamwti 
by  a  balanced  weight  (fig,  1 7).  The  size  of  tlip  t^ 
temal  opening  is,  in  the  usual-sized- val%'e^  9  ind* 
by  3,  antl  the  area  is  27  inches.  Tlieso  valvet  an 
usually  placed  towards  the  upper  part  of  tht*  roo» 
The  w4nd  blows  tlu-ough  the  in,  and  the  niovemirt 
is  thei'efore  variablti.  They  are  often  outlet? :  ^ 
will,  in  fact,  depend  upon  cirtmmstanct^  whitlirr 
they  are  inlets  or  outlet*.  Very  little  tlmnght  is» 
however,  caused  by  them,  unless  with  a  high  wind ;  on  the  whole,  they  iff 
the  beat  inlets  of  this  kind. 

An  open  iron  framu  of  the  size  of  a  brick,  covered  with  perforated  adnc^io^ 
with  a  valve  to  close  it,  if  necessary,  la  a  still  simpler  plan,  and  the  air  is  pwtty 


Fig.  17. 
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ributed     The  gauze  should  be  cleaned  froquently, 

fi  a  round  plate  working  on  a  screw,  which 
rought  nejirer  or  farther  from  a  correspond- 
ing in  the  wall ;  the  air  entering  strikes  on 
b^  and  then  spreads  circularly  over  the  wall, 
phen  drawn  gently  into  the  room*  Some 
bg  forms  of  inlet  and  outlet  have  also  been 
(Bed  by  Mr  Richaixl  Weaver,  C.K 
^bes  of  Different  Khidfi. — ^A  single  tube 
sometimes  used  for  inlet  and  outlet,  a 
I  current  being  eatablished  This  is,  how* 
rrude  plan,  as  there  are  no  meaias  of  dis- 
'  the  air,  and  as  the  intermingling  of  the 
and  the  friction  of  the  meeting  air  is 
80  great  as  to  impede,  or  even  for  a 
,  the  movement*  To  avoid  these  incon- 
Valfion  proiiosed  to  place  & 


Mr  Boyle  of  Loo^ 


/ 


; 


Fig.  18. 

partition  in  the  tube  (fig.  1 8),  and 

the  use  of  a  double  partition  ruLming  from  corner  to  corner, 

ite  four  tubes.     He  covered  his 

•*  tabe  with  a  louvre,  so  as  tci  make 

^  degree  of  the  aspiratory  power  of 

.  on  one  side* 

tubes,  accidental   circumstances, 

I  the  aun'a  rays  on  one  side,  the  wind, 
A  in  the  room,  &c.,  will  detennine 
b  outlet  and  which  is  inlet  They  are 
letter  tlian  the  single  tube,  that  the  par 
|ivides  the  currents  and  prevents  frii 

II  there  ia  the  same  irregular  action  an<  i 
fg  of  currenta  from  accidental  circuni 
I  m  that  the  direction  of  the  currents 
jfc  rate  ai-e  variable.  The  distribution 
loitering  air  is  also  not  good. 
k  better  than  these  plans  is  M'KinneU's 
f  tul>e.  It  consists  of  two  cylinders,  one 
bg  the  other,  the  area  of  the  inner  tube 

fcircling  ring  being  eiiuaL  The  inner  one  is  the  outlet  tube ;  it  is  ao  be- 
lie CAsiug  of  the  other  tube  maintains  the 
pt^ure  of  the  air  in  it ;  and  it  is  alsfn  always 
iftther  higher  than  the  other ;  above  it  is 
bd  by  a  hood,  hut  if  it  had  a  cowl  turning 
from  the  wind  it  would  be  better.  The 
prlinder  or  ring  is  the  inlet  tube  ;  the  air  is 

a  lower  level  than  the  top  of  the  outlet 
rhcQ  it  enters  the  room,  it  is  thrown  up 
the  ceiling,  and  then  to  the  walls  by  a 
ced  on  the  bottom  of  the  inner  tube ; 
I  from  the  walls  along  the  floor 
I  centre  of  the  room,  and  upwards^  to 
et  shaft  (Figs.  19  and  20.)  lioth  tube^ 
dosed  by  valv^L  If  there  is  a  fire  in  the 
[iih  tnbee  nuij  become  inlets ;  to  prevent 


Pig.  20. 


I  of  Wat«oti'i  Teatilating  tube  ii  well  adiipted  for  showing  how  opposing  corrciiitA 
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this  the  outlet  tulio  slioiild  be  cloaed;  if  doors  and  wxndc 
tubes  become  outlets. 

Tlie  movement  of  air  by  this  plan  is  Impesrceptible,  or 
admirable  mode  for  square  or  round  rooiuA,  or  small  i^iircheB ;  for 
rooms  it  is  less  adapted. 

The  tube  is  made  of  all  sijfiefij  from  6  inches  in  diameter,  ^irbiclL  | 
for  a  sittii^-room,  up  to  7  or  8  feet,  which  is  the  size  used  in  eotxm 
The  two  tu]>&%  after  passing  out  of  the  room,  may  'be  taken  id 
directions^  care  being  taken  thai  the  innei'  tube  ia  always  the  lohgi 
possible,  with  the  fewest  curvea  II 

If  the  two  tubes  can  be  kept  together  for  some  distanee,  an  I 
would  perhai)8  be  gained,  as  tho  hot  'air  woidd  transmit  a  portiofli  i 
to  tho  air  in  tho  outer  tube,  which  would  enter  the  room  at  a  highi^ 
ture  than  would  otherwise  be  the  caae ;  some  loss  of  movement  woi 
hut  this  would  be  trifling. 

Dr  J.  D.  Maedonald  RK,  F.RS,,  has  proposed  an  ingeniom 
ventilator^  sometbin»7  on  M*Kinnell's  . 
but  with  a  modiht^atian  of  arrangezDenl^ 
to  facilitate  the  movement  of  air.  The  * 
be  dividetl,  either  by  having  one  tali 
another  {as  in  M*Kinnell's)  or  by  a  si 
shown  in  fig,  2  L  A  fan  in  the  upper  p 
tube  determines  the  Gours©  of  tlio  current  < 
tlie  same  direction,  and  tliis  fan  is  driTi 
fiction  of  the  wind  upon  another  matH 
the  top  of  the  tul^e,  which  may  be  lefl 
covered  with  a  self-adjusting  cover,  asin^ 
One  adviintiige  of  this  arrangt^ment  ii 
reHiix  current  is  possible,  and  no  rain^ 
the  tube. 

I)r  Ariiott*s  chimney  ventilator  is  a^ 
ing  at  the  top  of  the  room,  leading  at  ono 
chimney,  and,  like  Dr  ChowTie^s  siphon 
gi'cut  advantage  of  drawing  the  air  froa 
of  the  room  ;  it  hiis  been,  and  is^  mnch  ' 
has  the  inconvenience  of  occasionally  all^ 
reflux  of  smoke, 

;Mr  Boyle  has  altered  this  chimney  1 
by  hanging  amall  talc  plates  at  a  oertaj 
fidliug  by  their  own  weight,  th«y  close  I 
ing  and  prtivent  reflux,  but  a  very  slight 
from  without  opens  them. 

Of  tlicse  various  plans,  l^PKinnell's  or  Macdonald^s  should  be  choa 
air  must  Im  admitted  at  the  top  of  the  room ;  and  they  are  well  adi 
. _-__ . — I 


It  li 


Fig.  21. 


of  nir  block  each  oilier. 


AUhougli  the  tiih«  h  of  good  siie,  a  candle  pUc^  in  m  bell 
the  top  of  which  the  tube  is  fixea,  noon  goea  out ;  a  partition  beiiiij  then  iti5«>rted  iii| 
tliu  cum^Jiti*  are  uX  onc«  divided— one  passes  up,  one  down,  the  gidea  of  tbe  tub«,  and 
bums  again.  '. 

•  1  Motile  fiUL  2.  Ajspiratory  faa.  3*  Self-adjusting  ea^v  a  closed  quarter  I 
tnuwtvurse  vane.  4.  Spindle  or  axis,  6,  Socket  for  bver  point  (upper  socket  IM 
6.  lion  frame  work  uarryiiig  upi^er  socket^  &c.  7.  Conical  band  fortuiug  the  uf 
round  the  cin^ulnr  plate  bearing  the  fartn.  8.  The  main  sliaft.  9.  Ciivular  hood 
Hh  Tbu  niHutuie  of  ingres*,  11.  Middle  longitudinal  B^ptum  dividing  the  main 
two  t<\n&\  parts,  12,  Central  ingivsij  tul>e.  13.  Expansion  of  do,  14.  Grating  t 
iha  entering  air.  15.  Lower  npeitura  of  ingrem  (oiroumferc&iial).  16w  Upper  oi 
16.  Upper  upermre  ul  egress  (centi-ali- 
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csells,  and  rooms  of  small  dimensions,  when   it  is  desired  to 
ive  IliB  TQOtilating  apporatua  out  of  Feach.     Watdon's  divided  tube  can  oko 
Iw  imd,  but  is  kss  useful  ihAU  the  otborai 

SpiUmi  of  VetdilaHon  Adopted  in  the  Army, 

(M  Horns  Sermce,- — The  oflftcial  plan  now  in  nse  was  arranged  alKmt  18 

•g(»  bj  the  Banuck  Improvement  Commission ;  it  la  applied  in  most  of 

mem  baoBclui,  and  in  seveml  old  ones.     It  haa  answered  estiremely  well^ 

il  is  ranch  to  be  desired  that  it  should  be  carried  out  everywhere*     It  la 

'  on  the  plan  of  natural  ventilation,  and  consists  of — 

L  An  outlet  shaft,  or  more  if  rec^iiired^  proctieding  from  the  highest  point 

ike  room  i  the  exact  position  in  the  room  varieB ;  it  is  sometimes  at  the 

or  ftl  one  aide,  according  to  circumstances.     This  shaft  is  carried  straight 

Wp  i&ddft  the  wall,  and  about  4  to  6  feet  above  the  roof,  and  is  covered  with 

^  KMnvB.     It  is  matle  of  wood,  is  very  smooth  inside,  and  is  provided  with  a 

mtup  lor  partlj  doeing  it  lielow.     Its  size  h  regulnted  by  that  of  the  room  and 

^  tlw  iiitmber  of  inmates^  bnt  it  is  not  made  lai-ger  than  1   square  foot ;  if 

outlet  is  required,  another  shaft  is  pttt  up.     Thi3  relation  between  its 

md  that  of  the  room  varies  with  the  position  of  the  room.     In  a  three- 

"  bunck  the  rule  is  as  follows  : — 


I*  On  Iho  ground  floor,  1  square  inch  of  section  area  of  outlet  shaft  for 
r  60  cubic  feet  of  room  space,  or  for  each  man  10  square  inches  of 


3.  On  line  fint  floor,  1  sc|uare  inch  for  every  55  cubic  feet  of  room  space^ 

or  for  etch  man  10*9  (say  11)  si^uare  inches 
3.  On  the  aoexmd  floor,  1  square  inch  for  every  50  cubic  feet  of  room  space, 

or  for  each  man  12  square  inches, 

In  a  on^^itoried  barrack  the  amount  should  be  the  same  as  the  second  floor, 
^r,  in  other  wordj^  12  men  would  have  a  shaft  of  1  square  foot.  In  addition, 
is  the  chimney,  which,  with  Galton^s  stove,  gives  a  section  area  per  hetid 
»f  abocit  6  square  inchea.  The  total  outlet  area  per  man  is  therefore  16  to  18 
acoofding  to  circumstances 
%  ImieU, — ^The  amount  of  inlet  is  a  trifle  more  than  1  square  inch  to  every 
)  oibic  feci  of  room. 

HmU  tike  inlet  air  is  warmed  in  all  the  new  barracks  and  many  old  barracks 
fj  \ming  token  through  air-chambers  behind  the  lire  (area  of  tube  —  6  square 
;nrhp«  txt  head),  and  the  other  half  comes 
the  outer  air  into  the  rooms 
Limham  valvea.  Area  of  outer 
^  i neb ea,  making  altogether 
.....  of  inlet  opening  per  man. 
i>ld  air  inlets  (Sheringham  valves) 
•  *  the  sides  near  the  ceiling,  about 
the  flcK>r,  and  are  not  opposite 
QUif^r.  Fig.  22  shows  a  usual  arrange- 
Tha  outlet  space  is  thus  seen  to  be 
lai^ger  than  the  inlet,  but  as  the  doors 
l^wiadows  seldom  fit  cloae^  it  is  probable 
this  is  of  little  consequence, 
IB0?«ment  of  air  through  these  open- 
fa  iolecably  regular — as  regidar  as   it 

can  be   in   natural  ventilation*     The   discharge   of  air  tlirongh   the 
ij  and  outlet  shaft  averages  about  1200  cubic  feet  per  head  per  hour, 


F^  22, 
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mth  a  range  from  700  to  1500  or  1600,  according  to  the  amount  of  fire, 
warmth  of  t\m  room,  and  tlie  movement  of  the  external  air.  The  uenal  upi 
currt'nt  through  the  outlet  ehafte  at  night,  is  from  3  to  5  fi^t  per  aec — ^ 
Sometimes  the  chimney  and  outlet  a  little  coimteract  each  other;  a  etiQii| 
chimney  draught  may  stop  the  current  in  the  outlet  shaft,  but  there  is 
any  down-dra>tight  nideijs  ruin  beate  into  the  louvre  and  trickles  down  the  is- 
side  of  the  ehaft.  The  ventilation  of  barracks  has  been  wonderfully  improi 
by  til  is  plan,  and  the  average  carbonic  acid  ranges  from  '7  to  1  pet  1' 
volumes,  according  to  the  rapidity  of  movement  of  the  air. 

The  hospital  system  is  precisely  the  same,  except  that  the  dimensions  in 
nearly  doubled* 

Mediterranean  Statwm, — The  same  system  is  directed  to  be  earned  <mx 
whenever  practicable  at  Malta  and  Gibraltar,  only  the  size  of  the  inleta  ttd 
outlets  are  trebled ;  for  example,  there  is  1  square  inch  of  outlet  for  every  20 
cubic  feet  of  space  inn  lead  of  60  as  at  home ;  great  care  is  ordered  to  be  Uken 
to  remove  all  outside  obstacles  to  the  movement  of  the  wind. 

The  Tropica  and  India, — ^Tho  same  system  in  principle  is  now  directed  l0 
be  used  in  Inditu 
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ARTIFICflAL  VEKTILATION, 

Artificial  ventilation  is  accomplished  in  two  ways ;  either  the  adr  t§  i 
out  of  a  building  or  room  (the  method  by  extraction),  or  it  is  driven  iti,  i 
to  force  out  the  air  already  in  the  room  (the  method  by  propulsion). 

SuB*SEcnoN  1. — ^Ventilation  by  Extraction. 

This  is  produced  by  the  application  of  heat,  so  as  to  cause  an  upward 
or  by  the  steam  jet,  or  by  a  ftm  or  screw,  which  draws  out  the  air, 

L  Extra f'tion  hij  HeaL — The  common  chimney  is  a  well  known  exain[ 
of  this.  Tliere  is  a  const-ant  current  np  the  chimney,  when  the  fire  is  bumiiift 
in  proportJon  to  the  size  of  the  fire  and  of  the  chimney.  The  usual  coiroit 
up  a  common  sitting-room  chimney,  with  a  fair  fire,  is,  as  measured  by  tt 
anemometer,  from  3  to  6  feet  per  second.  A  very  large  fire  will  bring  it  op 
to  8  or  9  feet.  The  movement  caused  by  a  kitchen  or  furnace  fire  is,  A 
course,  greater  than  this.  If  the  area  of  the  section  where  the  anemomettf 
is  placed  be  knowna,  the  dischargta  can  be  stated  in  cubic  feet. 

When  the  air  enters  equably,  and  is  well  distribut^^d,  the  movement  of  air 
is  from  the  inlets  gently  towards  the  fire-jjlace ;  there  is  also  saud  to  be  t 
movement,  from  above  the  fire-place,  along  the  ceiling  and  down  the  walli^ 
and  then  along  the  floor  to  the  chimney.  (Eeid  and  Stewart,  quoted  by  tlw 
Barrack  Commiasioncrs.) 

In  the  wards  of  Fort  Pitt  the  CTurent,  with  a  good  fire,  is  about  3|  to  4) 
feet  per  second  ;  and  as  the  section  area  of  the  throat  is  '5  square  foot^  tlii 
average  discharge  is  al>ont  7200  cubic  feet  per  hour.  In  the  barracks  of 
Chatham,  Dr  Fyile  found  the  discharge  by  the  chimney  to  be  9080  cubic  lieil 
per  hour  (average  of  six  observations).  In  the  barrat^ks  at  Gravesend,  M^ 
Hewlett^  Stajiley,  and  Reid  found  the  discharge  to  he  6120  cubic  feet 
hour  (average  of  twenty  observations).  At  Chelsea  New  Banacka,  wit£^ 
fire  alight  but  low,  the  velocity  was  14*6  per  second,  or  21,038  cubic  feet 
hour;  and,  with  ^  fire  ont^  11-9  per  second,  or  17,088  per  hour,*     In 

•  Dr  P,  de  ChAiimonf  *  Reports,  Army  Med.  ReporU,  vol  U, 
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Pl^eriments  of  the  Barrack  Cominisfiioiiers,*  the  chimney  discharge  ranged  from 
[d300  to  16,000  cubic  feet  per  hour,  the  mean  of  twenty-five  experiments  being 
[9904  cubic  feet  Even  in  summer,  without  a  fire,  there  is  generally  a  good 
current,  f  It  may  be  then  concluded  that^  with  an  ordinary  fire,  a  chimney 
i  a  discharge  suLthcient  for  four  or  five  persona.  If,  then,  more  than  this 
'  of  {»eraons  habituaDy  live  in  the  room,  another  outlet  must  be  provided. 
;  the  current  up  the  chinmey  is  so  great  when  the  fire  is  lightest,  all  other 

in  a  room,  if  not  too  many,  become  inlets ;  and,  in  this  way,  down- 

iraugliLs  of  air  may  occur  from  tubes  intended  as  outlets.     There  is  no  remedy 
this ;  and  if  too  uiuch  enters,  the  outlets  mast  be  more  or  less  closed. 
the  room  be  without  openings,  so  that  no  air  can  reach  the  fire,  air  is 
down  the  chimney,  and  a  double  current  is  established,  by  which  the 
is   fed-     The  do^sTx-currcnt  coming   in   puffs   is   one   cause   of  smoky 
neya,  and  may  be  at  once  cured  by  making  an  inlet, 
tie  chimney  and  fire  is  a  type  of  a  number  of  other  similar  modes  of 
tion  by  extraction, 

ventilation  of  mines  b  carried  on  by  lighting  a  fire  at  the  bottom  of  a 
.  (the  upcast  or  return  shaft),  or  half  a  aliaft,  if  there  be  only  one.  The 
lis  dnwn  down  the  other  or  downcast  or  inttike  shaft,  or  half  the  shaft, 
nd  m  then  made  to  traverse  the  galleries  of  the  mine,  being  direeted  this  way 
or  that  by  partitions.  Donble  doors  are  used,  so  that  there  is  no  back  or  side 
rush  of  the  atr.  The  current  passes  through  the  upcastr^haft  at  the  rate  of 
I  from  8  to  10  feet  per  second ;  it  flows  through  the  main  gaUeries  at  the  rate 
of  from  i  to  6  feet  per  second,  or  even  morts,  and  from  1000  to  2000  cubic 
feet  per  head  per  hour  are  suppHe*!  in  good  mines.  In  firenlamp  mines  much 
more  than  this  is  given,  even  as  much  as  6000  cubic  feet  jier  man  per  hour. 
("  Proce*><iing?  of  Civil  Engineers,"  vol  xii.  p.  30tf),  If  the  quantity  of  air 
be  reduced  too  low  there  is  a  serious  diminution  in  the  amount  of  work  per- 
formed by  the  mem  A  horse  is  said  to  recj^uire  2466  cubic  feet,  and  a  hght 
i69  cubic  feet  per  hour.  It  may  easily  be  conceived  how  skilfLdly  the  air 
be  directe4l,  so  as  to  traverse  the  most  remote  workings ;  in  some  minea 
tion  of  air  makes  a  circuit  of  from  30  to  40  miles  before  it  can  arrive  at 
upcast-shaft.  The  aize  of  the  shafts  in  a  colliery  varies  from  8  to  1 1  or 
et  in  diameter ;  the  sectional  area  of  a  shaft  of  the  former  size  would  be 
Ib  iuarf3  feet.  A  current  of  8  feet  per  second  in  the  upcast-shaft  would  give 
charge  of  1,440,000  cubic  feet  per  horn-,  wliich  would  give  720  men 
cubic  feet  per  hour, 
tie  sectional  area  and  height  of  the  extracting  shaft,  and  of  the  tubes 
tting  into  it,  have  been  fixed  by  P6clet ;  the  principle  is  to  give  to  the 
ft  the  greatest  height  which  can  be  allowed,  and  the  largest  section  which 
Ije  given,  J  without  permitting  the  temperature  of  the  contained  air  to  fall 
f  low  as  to  lio  unable  to  overcome  the  resistance  of  the  atmosphere  at  the 
»  of  the  shaft,  or  the  action  of  the  winds. § 


♦  Report,  1861,  p,  78. 

f  In  Augxwt  1869  I  found  at  Fort  Eldon  the  velocity  to  l>e  on  ob«  oc^MUiion  7'6  per  B«coKd 
and  at  Go«t>ort  New  Bmraoks,  8  4.  The  velocity  geuerally  ranges  frum  1^  feet  to  3  icH  i-er 
aeeand,  althongh  it  U  often  raore.     (F,  de  C*) 

♦  D«  la  Clialeur,  3d  ed.  1861 ,  t.  iii.  p.  66,  et  seq. 

f  The  amount  of  the  renistance  given  to  the  movement  of  air  through  the  tnbea  leading  to 
the  ahaft.  and  in  the  thaft  it»elf,  can  be  calculated  from  thf^  formula  given  by  Pl^i-let  at  p.  47 
lit*  iiJv)»  trtit  which  it  it  unneceMuiTy  to  intro^luce  here.  G^nt-ral  Morin'a  obH^^rvationi  show 
that  the  difference  in  the  volnmes  of  air  paasing  through  small  oiieninga  in  in  the  ratio  of  the 
•qiiare  root  of  the  area.  Tlie  increased  velocity  throng h  the  smtLiler  openingii  dnea  not  com- 
pensate for  thia  great  loss.  The  shape  of  the  tubes  ought  alflo  to  be  conaideredpthe  leaat  reaint- 
beinff  ffiv«n  by  a  circular  aperture.  For  a  table  of  friction  due  to  form  of  aectiooal 
,  aee^*  Hygiene  "  in  Sanitary  Hecordj  1875^  by  Dr  F.  de  Chaumout. 
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Iq  1ai^  buildings  tbe  same  plan  is  ofton  tided ;  a  cliiiimey  (dk(Mi^| 
(Tappel  of  the  French)  is  heated  by  a  fire  at  the  bottom,  and  into  tlw  boll^| 
of  this  shaft,  close  to  the  fire,  nm  a  number  of  tubes  coming  fton  1H 
dilferent  rooms.  Several  French  and  English  hospitals,  and  many  odH 
buildings,  are  ventilated  in  this  way.  Dr  Keid  for  some  years  ^entiliiled^H 
Houses  of  Parhament  in  the  same  manner,  and  so  poiKrerfol  waa  lui  ^| 
draught,  that  he  could  change  the  entire  air  in  the  building  in  a  few  nttoQla 

In  dwelling-houses  it  has  Ijeen  proposed  to  have  a  central  chimney,  m!» 
which  the  chiiimeys  of  all  the  tires  shall  open,  and  to  surround  this  with  ur- 
shiifts  connocte*!  with  tbe  tops  of  the  rooms.  It  is  supjiosed  that^  if  3tiw 
inlets  exist,  there  will  be  a  current  both  up  the  chimney  and  up  the  diift 
running  bedside  it. 

In  all  these  cases  it  requires  that  the  workmanship  sbull  be  very  exH^  m 
that  air  shall  not  reach  the  extracting  shaft  except  througli  the  tubea 

It  is  now  about  a  hundred  and  twenty  years  ago  since  I>r  Mead  hioog^ 
before  the  Itoyal  Society  Mr  Sutton 'a  plan  of  ventilating  Bhi]]A  on  tbe  am 
principle.  Tubes  running  from  the  hold  and  various  cabins  joined  tognllff 
into  one  or  two  large  tubes  which  opened  into  the  ashpit  beneath  ihe  cooUv 
tires.  If  the  doors  of  the  ashpits  were  kept  closed,  the  firee  draw  tha  m 
rapidly  from  all  parts  of  tbe  ship.  Unfortunately,  this  plan  never  ctant  iiii 
general  use.  The  same  plan  was  adopte^d  by  Dr  Mapleton  for  the  venlililioB 
of  the  hospital  shijis  employed  in  the  last  (1B60)  China  War.  The  amngi* 
ment  requires  some  watching  to  prevent  careless  cooks  from  allowing  vet  i^ 
reach  the  firc^s  in  other  ways. 

On  the  same  principle  some  men-of-war  are  now  being  ventilated.*  Tl» 
funnel  and  upper  part  of  the  bailer,  and,  as  far  as  poflsilyle,  all  the  cteaa 
apparatuii,  are  inclosed  in  an  iron  casing,  so  that  a  space  is  left  of  fiome  3  or 
4  feet  between  the  casing  and  the  funnel  'VMien  the  fires  are  lighted^  tliew 
is  of  course  a  strong  current  up  this  space,  and  to  supply  this  the  air  is  dnm 
down  through  all  the  hatchways  towaiils  the  fimiace  doors.  The  tempenlom 
of  the  stoke-hole  is  reduced  from  ISO"*  or  140°  Fahr.,  to  60"*  and  70° ;  and  1^ 
draught  to  the  tires  is  so  much  more  perfect,  that  more  steam  is  ohtaiaed  Cm 
the  same  amount  of  fneL  This  plan,  devised  by  Mr  Baker,  haa  bea 
ingeniously  applied  by  Atlmind  Fanshawe,  late  superinteniicnt  at  ChaUno 
dock -yard,  to  the  ventdation  of  every  part  of  the  ship  where  there  itofto 
water-tight  compartments.  Edmund's  jdan  combines  with  this  the  Timtflilfrfff 
not  only  of  the  hold,  but  of  the  timl>er.s  of  the  s!iip». 

Sometimes,  insteail  of  a  tire  at  the  bottom  of  the  chimney,  it  ia  placed  il 
the  top ;  but  this  is  a  mistake,  as  there  is  a  great  loss  of  heat  from  the  iminfr 
diate  e-scape  of  the  heated  air ;  the  proper  plan  is  to  heat^  as  much  as  pofifiibk 
the  whole  column  of  air  in  the  chimney,  which  can  only  be  done  by  pkcim 
the  fire  below. 

Frequently,  instead  of,  or  in  addition  to  a  fire,  heat  is  obtained  in  the  shift 
by  means  of  hot  water  or  steam  pipes.  TTiis  plan  has  long  been  in  use  in 
England,!  find  has  since  been  intixiduced  into  France,  and  improved  by  M. 
L^on  Duvoir.  Warming,  as  well  as  ventilation,  is  accomplikhed  by  Utii 
method,  which  is  in  action  at  the  Hospitals  Lariboisii^re  (in  one-hall)  awl 
Beaujon.  It  appears  to  be  at  once  etiectual  and  economical,  though  it  hii 
lieen  sharply  criticised  by  Graasi  and  Peclet,  After  a  very  long  investigadoa 
into  the  merits  of  all  rival  plans,  it  was  adopted  by  a  French  Commission  for 

*  In  ttad  new  ironelaiU  it  ti  fonnd  naoestuiry  (o  ana  lai^ge  fluii  drivea  by  sptdaj  floffw* 
M  e0'ect  thorotigh  ohange  of  air  below. 

It  is  in  uac  in  the  Circuit  Court- House  in  QLMgow,  tltd  in  the  Police  Buildings  aI  Eia- 
h  (Ritchie),  and  lq  many  other  baildiiigs. 
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the  wanning  aiul  ventilation  of  the  Prdais  da  Justice  at  PariB,  and  hm  since 
hma  adopted  m  other  public  buUiIinge,  chiefly  from  the  advot^cy  of  General 
MorilL*  The  plan  at  the  Hospital  Lariboisiere  is  simply  this  :  an  extracting 
Mbtdt  camtamB  in  the  lower  part  a  boiler,  from  which  two  spiral  hot-water 
lalMa  Ttm  up  to  the  recjuisite  height  in  the  shaft,  antl  tlien,  Imving  it,  pass 
dflfviiwnnb  and  enter  the  wards,  in  which  thoy  are  coile^i  m  as  to  form  hot- 
viAv  iU>v«a,  and  then  leaving  the  wards,  they  pass  dowTi  and  re-enter  the 
boOH:  Theff«  is  a  continual  circulation  of  hot  water,  and  in  the  shaft  there 
is  neoMmilj  on  upwanl  current  of  air.  But  as  tlie  air  is  continually  increaa- 
iog  in  tempemture  towards  the  pKjint  of  discharge,  there  is  a  loss  of  power,  just 

in  the  case  of  the  hre  being  jjlaced  at  tlie  tL>p  iiinti^ad  of  the  bottom  of  thd 
shaft.  From  the  bottom  of  the  wards  air-conduits  or  tubes  run  into  the  cx- 
teaetlQg  tfaaft^  and  thu^  the  vitiated  air  is  drawn  out  of  the  wanls.  The  fredh 
Air  la  admitted  directly  fr»jm  the  outaide  into  the  words,  and  id  warmed  by 
b«i9g  admtHed  through  the  coiU  of  the  hot-water  tubes,  in  the  summer  the 
ii  abut  off  from  the  water-stoves,  but  the  tempemture  of  the  extracting 
is  ataU  maintained 

It  it  err  *  rrie  that  the  ventilation  l>y  thia  plan  is  irregidar  j  f  a^d  *^l^j 
thai  in  Uji  ^1  Lariboisiere,  a  much  greater  quantity  of  air  passea  through 

Ab  esUmctin^  t?Uaft  than  ent-*irs  through  the  hot- water  atoves. 

Ill  Iha  flomnier,  when  there  is  ventilation  without  warming,  the  outflow  of 
Ilia  wanb  varied  fi'^rim  84*4  cubic  metres  (2980  cubic  feet)  to  56'3 
cubic  netoa  (1952  cubic  feet)  per  hejiii  per  hour4 

in  t]M)  winter,  when  there  are  botli  ventilation  and  warming,  the  outflow  of 
air  from  the  wjinl^  was  82*2  cubic  metres  or  ^902  cubic  feet,  per  head  per  hour. 
Of  liiJLi  amount,  only  35  cubic  metres  (1235  cubic  feet)  entered  by  tlie  water- 
•loToa,  tlie  HBSt  came  in  by  doors  and  windows  and  otber  opening* — an  objec- 
lioiariil*  pointy  aa  the  air  might  pn?ss  in  from  the  eloset^  Yet,  in  spite  of 
thm^  Ibe  temperature  was  maintained  pretty  well  up  to  the  limit  fixed  in  tho 
^greenanti  viz.,  15"  cent,  or  59^  Fahr, 

Oil  haa  been  used  in  some  cases  instead  of  water. 

Vaiy  lr0(|iiently,  instead  of  a  fire  or  hot-wat<^r  veasels,  lighted  gas  is  used  to 
cflnaa  a  current,  and  if  the  gas  can  be  ajiplie^l  to  other  uses,  such  as  lighting, 
oO(4di^  or  boiling  water,  the  plan  is  an  economical  one. 

In  tbeatraa  the  cliandelicis  have  long  been  made  use  of  for  this  purpoae, 
3kL  D'Aroet  proposed  this  for  several  of  the  old  theatres  in  Pjiris,  and  the  Com- 
Knanon  §  apfiotnted  to  determine  the  mode  of  ventilation  to  be  adopted  in  the 
llidtttvut  Ljrique  et  du  Cinjue  Im|)^rial,  have  determinetl,  after  much  considera- 
tion, tbil  fim  plan  is  the  best  atlapted  for  theatres.  The  details  have,  however, 
bMA  aomewhat  modified  from  thofse  devised  by  D'Arcet,  and  are  too  long  to 
hm  here  inatited,  hut  they  seem  admirably  adapted  to  distribute  the  entering 
air  tlittoiighlj,  and  to  insure  ita  discharge,  llie  enterhig  air  is  warmed  by 
caloitffcaa  below  the  pit,  and  is  then  carried  by  flues  to  the  front  of  the  stage, 
and  la  IIm  front  of  each  tier  of  boxes,  where  they  open  at  the  flt  lor.  The  out- 
air  iff  dmwn  away  by  flues  running  from  each  box,  and  ending  in  a  large 
'ah;  ^'^  tube  which  carries  off  the  products  of  the  com- 

oi  II  udier.     But  every  g?is-jet  in  the  house^  as  well  as 

tb«  q«n»  it«at  of  the  fomaoe,  ia  made  to  contribute  its  shore  of  movement 

*  Two  stcvU«nt  report!  him  been  tuAde  hj  this  Commission,  or  wliich  OvDoml  MoHb  ja  re- 
potter*  Tbrlr  titlcA  are  civtsn  farther  on*  Mttch  information  is  also  given  in  General  Morin'i 
work  oa  watitatkni.  Etudes  sor  la  Ventilation,  PaHjj,  1869,  2  vols. 

t  PMit-lMMdalaCbileitr,  1861,  t  ill.  p.267. 

I  Rtfipoif  diila  CointnMon  snr  le  Chnnlfage  et  Ta  YentiUtldn  dn  Th<^atre  Lyriqutt  et  da 
ThtalTTi  oa  Cln}Q«  Unp^al     Rapporteur  le  General  Mnrin,     Paris^  1S6U 
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Tlio  amomit  which  can  be  supplied  in  winter  is  30  cubic  metres  {  =>  1059  i 
feet)  per  head  j:>er  hour.     The  burning  of  20  cubic  metres  (706  "2  cubic 
of  gSLB  in  one  hour  at  the  Opera  Comique  caused  the  dischai^ge  of  80,000 1 
metres  of  air  (2,825,280  cubic  feet).     The  temperature  of  the  air  waa  9*  ( 
or  16°  Fahr.  above  the  exteroid  air.     At  the  Yaude^ille,  10  cubic  inekvs  (3 
cubic  feetjof  gm  was  consumed  per  hour^  and  15^r>23   cubic  metres  (54^K 
cubic  feet)  passed  through  the  chinine}'-,  so  that  1  cubic  foot  of  ga^  peifei  ' 
consumed  caused  the  discharge  of   1553  cubic  feet  of  air.      Ganexal  31a 
from  numerottfl  experiments,  found  that  1  cubic  metre  of  gas  cHUsed  ili0  i 
charge  of  1000  cubit;  metres  of  air,  or  1  cubic  foot  would  cause  the  i 
of  1000  cubic  feet  of  air,* 

The  advantage  of  extraction  by  heat,  especially  in  the  caae  of  thfiatm  i 
buildings  where  gas  can  be  brought  into  play,  are  obvioiia 

There  are  some  objections  to  extractions  by  the  fire  and  hot-air  ahalt 

(1.)  The  inequality  of  the  draught     It  is  almost  impossible  to  ke 
fire  at  a  constant  height.     The  same  quantity  of  combustible  material  i 
be  consumed  in  the  Si^me  time  every  day,  and  the  heat  should  be  kepl| 
large    masses   of  masonry.     Still,    with  the^e  precautions,    the 
influences,   and   changes   in   the   quality  of    the   combustiblee^ 
avoided  L 

(2.)  The  inequality  of  the  movement  from  different  rooms.  From 
nearest  the  shaft,  and  with  the  strtughteat  connecting  tubes,  there  may  \m  % 
strong  current,  while  from  distant  rooms  the  frictioxi  bi  the  conduits  is  so  gnwt 
that  little  air  may  pass.  The  ^eatost  care  m  therefore  necessary  in  caloilfl- 
ing  the  re-sistanco,  and  in  apportioning  the  area  of  the  tubiis  to  the  resulai&o^ 
This  ]dan  is,  indeed,  best  adapted  for  the  compact  buildings.  OccaMO&ilift 
if  the  friction  be  great,  from  t4Xi  small  size,  or  the  angular  arrangement  oi  ib 
conduits  leading  to  the  bot^shaft,  there  may  be  no  movement  at  all  in  t^ 
conduits,  but  a  do^vm-current  to  feed  the  lire  is  established  in  the  Ml 
itself^ — a  stat«  of  things  which  was  discovered  by  I)r  Sanderson  to  ^aoA  ia 
the  ventilation  of  8t  clary's  Hospital  in  London* 

(3.)  The  possibility  of  reflux  of  emoke,  and  perhaps  of  air,  fiom  tlie  dliil 
to  the  rooms,  is  another  objection  of  some  weight 

(i.)  The  imivossihility  of  properly  controlling  the  placc€  ifheie  froeli  m 
enters.  It  will  flow  in  from  all  side^,  and  possibly  fixim  places  w)u««  ilK 
impure,  as  fi'om  closets,  &c. ;  air  is  so  mobile  that  with  every  csre  il  i* 
diflicult  to  bring  it  under  complete  control — it  will  always  press  in  and  oulil 
the  point  of  least  re^i^tance. 

2.  Extract  ion  by  tfw  Steam-Jet — Tlie  moving  agent  here  is  the  force  of  tltf 
Btimia-jet,  which  is  allowed  to  pass  into  a  chimney.  The  cone  of  steam  Bito 
iu  motion  a  body  of  air  equal  to  217  tunea  its  own  bulk.  Tubes  paesi^og  £rio 
different  rooms  enter  the  chimney  below  the  steam-jet,  and  the  air  is  exUscAed 
from  them  by  the  strong  upward  cuiTent  This  plan  is  l>e«t  adapted  fot 
factories  with  spare  steaJn.  It  was  eniiiloyed  f<.>r  some  time  in  the  ventilalioA 
of  the  House  of  Lords,  but  wag  fiually  abandoned. 

3.  EMractioH  bf/  a  Fan  frr  Screw, — An  extracting  fan  or  Archimedean 
screw  has  been  used  to  draw  out  the  air.  Several  different  kinds  hav«  hesft 
proposed  by  Messrs  Combes^  Letoret,  Glepin,  and  Lloyi,  and  have  been  Ittid 
in  coal  mines  in  Belgium,  and  in  some  of  the  English  mines.  At  the  Aberan 
mine,  in  South  Wales,  a  fan  is  used  of  13|  feet  dinmeter ;  the  vanes,  eight  m 
number,  are  3 J  feet  wide  by  3  feet  long ;  at  60  revolutions  per  minute  tlm 
velocity  of  the  air  ia  782  linear  feet  per  minute^  and  45,000  cubic  fewt  an 


•  Etudea  aur  k  Vent,  t.  it  p.  720. 
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exifactad ;  the  Telocity  at  the  circumference  of  the  fan  is  2545  feet 
miinite  ;  the  theoretical  consumption  of  coal  per  hour  is  17'4  Bb.* 

Xr  Van  Hecke  formerly  used  a  fan  for  this  purpose,  in  liia  sjfitem  of 
▼Hitalation  of  buUdings,  but  he  has  found  it  better  to  abandon  it,  and  sub- 
0lilBle  a  propelling  fan.  It  was  propositi!  by  ^Ir  Higgins  to  put  in  a  chimney 
Oi  Atehimedean  screw  to  be  turned  by  the  wind,  and  in  this  way  it  was 
IlKNi^t  a  constant  upward  current  would  bo  causcii  But  the  plan  has  little 
pcrpec,  and  is  not  now  employed. 

To  both  these  methodfi  of  extraction  some  of  the  objections  already  noted 
apply,  hut  cjttraction  by  the  fan  is,  of  course,  more  miiiorm. 

Scb-Sbction  IL — Vektilation  by  Peopulsion. 

This  plan  was  proposed  by  Desaguliers,  in  1734,t  when  he  invented  a  fan 
0r  wheel  inclosed  in  a  box.  The  air  passed  in  at  the  centre  of  the  fan,  and 
wmM  thnnm  by  the  revolving  vanes  into  a  conduit  leading  from  the  box-  In 
mmiB  form  or  other  this  fan  Iibs  been  use<l  ever  since,  and  tlie  conduits  leading 
from  it  are  now  generally  made  large,  so  that  the  fan  may  move  slowly,  and 
deliTer  a  laiige  quantity  of  air  at  a  low  velocity.  The  fan,  if  small,  ib  worked 
by  liaod ;  if  larger,  by  horse,  water,  or  ste^im  power. 

The  £uis  are  often  made  with  six  or  eight  rays,  each  carrying  vanes  at  the 
end,  which  shonld  be  as  cloee  as  possible  to  the  enveloping  box.  In  size, 
the  lex^gtii  of  the  vanes  shoidd  be  more  than  hidf  the  length  of  the  rays ;  the 
Btiinber  of  niys  should  augment  with  the  diameter  of  the  orifice  of  acc^s.  J 
(F^H  V-  259.) 

The  amount  of  air  delivered  can  be  told  by  timing  the  speed  of  revolution 
of  tbe  extiemities  of  the  fan  per  second,  or  per  minute ;  the  effective  velocity 
ia  equal  to  |th6  of  this^  antl  this  is  the  rate  of  movement  of  the  air.  If  the 
aectkxn  area  of  the  conduit  be  known,  the  number  of  cubic  feet  discharged 
par  seoomd,  minnte^  or  hour  can  be  at  once  calculated. 

The  power  of  this  plan  is  very  considerable.  With  a  fan  of  10  feet 
diameter^  involving  sixty  times  per  minute,  the  effective  velocity  is  1414  feet 
per  minute.  The  rate  of  movement  in  the  main  ehannel  should  not  be  more 
thsD  4  feet  per  second ;  the  conduits  must  grjidually  enlarge  in  calibre ;  and 
tlie  movement,  when  the  air  is  delivered  into  tlxe  rooms,  shoidd  not  be  more 
than  1 1  feet  per  second. 

At  Uie  Hospital  Lariboisi^re  in  Paris,  it  is  stat^l  that  150  cubic  metres 
(  =  4296  cubic  feet)  have  been  deliveretl  jjct  head  per  bom,  in  the  waida 
Tentilated  by  the  propelling  fan  of  MISL  Tbomns  et  Laurens.  It  must,  how- 
ever, be  remembered,  that  the  later  observ^ations  of  General  Morin  have 
a&iowii  that  much  of  the  movement  ascribed  to  the  fan  was  really  owing  to 
natanl  ventilation. 

This  plan  is  very  well  adapted  for  those  cases  in  which  a  large  amount  of 
air  has  to  he  suddenly  supplied,  as  in  crowde<l  music  halls  and  assemldy 
TotxmB.  St  George*s  llaU  at  Liver] (ool  is  ventilated  in  this  way.  Tlie  air  is 
taken  frum  the  basement ;  is  washed  by  being  ^irawn  through  a  thin  film  of 
water  thrown  up  by  a  fountain ;  is  pasaeil  into  calorif^res  (in  the  winter), 
whOT»  it  can  be  moistened  by  a  steam-jet,  if  the  dilTert^nce  of  the  dry  and  wet 
Imlb  be  mom  tban  four  or  six  degrees,  and  is  then  propelled  along   the 


•  Vn%  IMctiottKy.  1860 ;  art.  VentSlmtlon,  vol.  liL  p.  ftCl. 

t  Ctnxm  «l  Experimcatal  Philow>phy,  vol.  li.  p.  564.    Tlie  wbeol  wm  ihown  to  the  Rojnl 
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cbanneb  wlncH  dtetribute  it  to  the  halL     In  summer,  it  is  cooled  in  ihe,  cno- 
duit^  by  the  evajxjnititjii  of  water. 

At  the  Hopittd  decker  in  Paria,  and  in  many  other  placet^  ihm  plan  of  Voa 
Hecke  m  in  use.     A  fan,  worked  by  an  engine,  drives  the  aijr  ink*  auiU 
chambers  in  tlie  basement,  where  it   is  warmed  by  cockle   stoves,  atkl  thai  | 
ascemis  into  the  rooina  above,  and  jiassos  out  by  outlet  shafts  coustnicteil  i 
the  WidJs*     The  system  is  etfeetive  and  economical^  though  it  is  only  joA  l»  | 
imj  that,  the  use  of  the  fan  excepted,  it  is  precisely  similar   in  principle  h\ 
Sylvaster'a 

In  addition  to   the  fan,  other  aj^pliances  have  beeen  usecL     SgOQ  allKt 

Desaguliers  j>n>jM>seii  the  fan^  I>r 
Hales  employed  large  bellowe  for 
the  same  purpose,  and  they  wiiw 
used  for  some  time  on  board  mmt 
men-of-war,  and  in  various  boiU- 
iQga.  They  were  'worked  byhiiKl; 
jj  and  probably  this,  and  their  fault]! 
coustructitui,  led  to  their  being  dit 
used.  Thciir  use  has  been  ren?*^ 
and  their  fonn  mcwlified  and  ia- 
pnived  by  1  )r  jiinott*  (fig.  23)*  Df 
Aruott  has  shown  that  Hales  loH 
much  power  by  forcing  hm  Mt 
tlu'ough  Biuall  openings ;  and,  Wi 
some  in<^eniifus  alterations^  has  tnaii 
an  effective  machine.  It  is  a  large  box  or  cylinder,  in  which  a  piston  watki; 
openings  are  made  at  the  ends  of  sufficient  ske  ;  oiled  silk  bangs  over  the  u|i|<f 
openings  on  the  iiimde,  and  on  the  lower  openings  on  the  outmde  of  the  bcKL 
Tliese  covers,  therefore,  act  as  val'^'es,  and  allow  the  ini  to  fiaas  in  one  dmt^ 
tion  only ;  as  the  pist-nn  movea,  air  is  dj'iven  thrt>ugh  the  lower  ojieningii  «■ 
the  side  towanls  which  the  piston  is  moving,  wliile  fnsh  air  enters  ait  llii 
same  time  tbwiigh  the  upper  op^uingB  at  the  ojipisite  end.  A  pump  of  6  irtl 
long,  4  feet  wide,  made  of  ileal  boaixls,  and  titted  with  a  piston  of  wood,  em 
be  construe teii  in  a  few  hours,  and  w^ill  deliver  96  cubic  feet  at  every  sttoke. 
Dr  Arnott  has  also  fitted  up  a  gast-tnieter  pump,  which  was  used  in  th* 
York  County  Hospital  for  some  time,  but  wi^s  tiually  disused,  probably  beeiDis 
the  apparatus,  though  excellent  in  principle,  was  not  *|uite  large  enough. 
The  hydrauHc  air-pump,  sometimes  used  in  mines,  is  useful  on  a  small  scak'.t 
The  punkah  used  in  Imlia  la  another  mechimical  agent  with  a  similar  thongll 
mor^  imperfect  action.  "V^lieu  a  punkah  is  pullfKl  in  a  room  open  on  all  aide*, 
it  will  force  out  a  portion  of  air,  the  place  of  wliich  will  be  at  onc^  supplied 
by  air  rushing  in  with  greater  or  less  rapidity  from  idl  i*oiuts.  If  the  pimkali 
can  be  moistened  in  any  w^ay,  its  cooling  effect  is  considerable.  Captain 
Moorsom,  of  the  d2d  liegiment,  s*:»nie  years  ago  projiosed  an  ingenious  plan, 
which  is  given  m  the  Indian  Sanitary  Eeixirt  A  wheel  turned  by  a  bidluci 
l^oth  moves  the  punkidi^  ajid  elevates  water^  which  then  passes  alon^  the  top 
of  the  punkali,  and  fiuws  down  it. 

The  advantages  of  ventilation  by  propulsion  are  its  certainty,  and  the  ewe 
with  which  the  tmiount  tlirown  in  can  be  altered-  The  stream  of  air  can  bi 
taken  from  any  point,  and  can,  if  necessary,  be  washed  by  passing  through  ft 

♦  On  the  Smokeless  Pjreplaco,  bv  Nell  Aitiott,  M.D.,  F.R.B.,  kc,  1855,  p.  I«t2 ;  tad  li 
other  publicationii.  Iii  the  flgiire  aIj  the  va!ve«  are  Nhowu  opeB,  hut^  durmg  «otio%  tlM  t0f 
¥a1tm  on  one  m\e^  and  the  bottom  on  the  other^  are  alteriiAtely  open  or  dosod, 

t  XJre*s  Dictionary,  1860,  vol.  ii .  p.  953. 
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thin  film  of  water,  or  through  a  thin  &creen  of  moistened  cotton,  imd  can  be 
warmed  or  cooled  at  pleaeiiro  to  iiny  degree.  In  fa^t,  the  engineer  can  intro- 
duce into  this  operation  the  precision  of  modem  science. 

T}ie  disadvantiigee  ore  the  great  coet,  the  chance  of  the  engine  breaking 
■    =11,  and  some  difficulties  in  di^jtrihution*     If  the  air  enter  through  small 
j^     lings,  at  a  high  velocity,  it  will  make  ita  way  to  the  outlets  without  mix- 
ing.    The  method  requires,  therefore,  great  attention  in  detaiL 

SECTION-  rv. 

BELATIYE  VALUE  OF  NATURAL  AND  AKTIFICIAL 
VENTILATION. 


Cif«iiiiiiitaiice4<t  differ  so  widely,  that  it  is  impoBsible  to  select  one  system  in 
prefereiic©  to  all  others.  In  tc^mperate  climates,  in  most  casea,  ©specially  for 
dvreDing-houseSjharracks,  and  hospitals,  natural  ventOiitioii,  unth  such  jwwere 
of  extmction  as  can  be  got  by  utilising  the  Rtiurcejs  uf  wai'ming  and  lighting, 
is  the  best  Who,  in  fact,  wuidd  not  attempt  to  make  use  of  these 
TASt  powers  of  natiure  which  ore  ever  ready  to  serve  us  1  lucess^iut  movement 
of  the  air  is  a  law  of  nature.  Wc  have  only  to  allow  the  air  in  our  cities 
and  dwellings  to  take  share  in  this  constant  change,  and  ventilation  will  go  on 
miintemiptedly  without  our  t-aie. 

In  »ome  circumstances,  however,  as  in  the  tropics,  witli  a  stagnant  and 
warm  air ;  and  in  temperate  climates  in  certain  buildings,  where  there  are  a 
grwit  number  of  small  rooms,  or  where  sudden  as^emblflges  of  people  take 
jiljice,  mechanical  ventilation  must  l>e  used.  8o  much  may  he  Siud  both  for 
he  systt'm  of  extraction  and  propulsion  undor  certain  circiuustfinces,  that  I 
it  is  impossible  to  give  an  abstract  preference  to  one  over  the  other* 
\  is  evident,  indeed,  from  the  fact,  that  tpiite  contrary  opinions  have  been 
red  at  by  equally  competent  men.  Peclet,  who.^'  ^^eat  authority  no  one 
doubt,  says  (De  la  Chdeur,  t.  iii.  p.  63),  "Mechauiml  ventilation  has 
en  an  immense  advantage  over  the  ventilation  of  an  cxtraeting  chimney  " 
'Jt^mifi^  d'appel) ;  and  Grassi,  from  a  comparison  of  the  twn  j*lrms  at  the 
Hospital,  unequivocally  condemned  the  system  of  extraction  as 
by  IhiToir*  Yet,  lately,  General  Morin,  after  a  fresh  inquiry  into 
ole  subject,  has  as  decideilly  pronounced  the  syfttem  of  propulsion  to 
\m  everywhere  inferior  to  that  by  extriLction.  lie  \ms  also  condemned  the 
plA&  of  Van  Hecke,  which  previously  had  been  pruUed  by  Pettenkofer,  In 
iiici,  it  is  evident  thiit  the  special  conditions  of  the  case  must  determine  the 
choice,  and  we  must  look  more  t(3  the  amount  of  air,  and  the  method  of  dis- 
.tribution,  than  to  the  actual  source  of  the  moving  power.  But  in  either  cjise 
le  greatest  engineering  skill  is  necessary  in  the  an-angeraent  of  tubes,  the 
ipply  of  fresh  air,  &c.  The  danger  of  contamination  of  air  as  it  psLsscs 
irfjugh  long  tubes,  and  the  immense  friction  it  meets  witli,  must  not  bo  over- 
.  For  hospitals,  I  cannot  hut  believe  natural  ventilation  is  the  proper 
The  cost  of  the  various  plans  wiE  depend  entirely  on  circuukst^xnces ; 
^Wtps^  of  the  building ;  the  price  of  materials,  coal,  ^tc.  On  thu  whole, 
iTjpiMIB  of  ventilating  and  warming  by  hot-water  jiipe^,  and  Van  He<  ke  s 
are  cheaper  than  the  method  by  [iropulsion  hy  means  of  a  large  fan ;  but 
I  latter  give«  us  a  method  which  is  more  under  engineering  ijontrol,  and  is 
adapted  for  hot  climates  when  it  is  desired  to  cool  the  air. 


CHAPTER  IV. 

EXAMINATIOIT  OF  AIR  AND  OF  THE  aXJFFICIENCY  OF 
VENTILATION. 

The  sufficiency  of  ventilation  should  be  examined — 

Isty  By  determining  the  amount  of  cubic  space  assigned  to  each  penan,  and 
the  amount  of  movement  of  the  air,  or,  in  other  words,  the  number  of  cabie 
feet  of  fresh  air  which  each  person  receives  per  hour. 

2d,  By  examining  the  air  by  the  senses,  and  by  chemical  and  mechanicil 
methods,  so  as  to  determine  the  presence,  and,  if  possible,  the  amounts  of  sds* 
poaded  matters,  organic  vapour,  carbonic  acid,  sulphuretted  hydrogen,  ai^ 
watery  vapour. 

SECTION  L 

MEASUREMENT  OF  CUBIC  SPACR* 

The  three  dimensions  of  length,  breadth,  and  height  are  simply  multiplied 
into  each  other.  If  a  room  is  square  or  oblong,  with  a  flat  ceiling,  there  ia, 
of  course,  no  difficulty  in  doing  this,  but  frequently  rooms  are  of  insular 
form,  with  angles,  projections,  half-circles,  or  segments  of  circle&  In  «ack 
cases  the  rules  for  the  measurement  of  the  areas  of  circles,  segments,  triangles, 
&c.,  must  be  used.  By  means  of  these,  and  by  dividing  the  room  into  sevenl 
parts,  as  it  were,  so  as  to  measure  first  one  and  then  another,  no  difficultj 
will  be  felt.  After  the  room  has  been  measured,  recesses  containing  air  should 
be  measured  and  added  to  the  amount  of  cubic  space ;  and,  on  the  other  hand, 
solid  projections,  and  solid  masses  of  furniture,  cupboards,  &c.,  must  be 
measured,  and  their  cubic  contents  (which  take  the  place  of  air),  deducted 
from  the  cubic  space  already  measured.  The  bedding  also  occupies  a  certain 
amount  of  space ;  a  soldier's  hospital  mattress,  pillow,  three  blankets,  one 
coverlet,  and  two  sheets,  will  occupy  almost  10  cubic  feet,  about  7  if  tightlj 
rolled  up.  It  is  seldom  necessary  to  make  any  deduction  for  tables,  chaira, 
and  iron  bedsteads,  or  small  boxes;   it  is  a  refinement  to  do  this,  or  to 

♦  The  following  are  some  useful  measures  ;— 

1  cubic  foot, a        1728  cubic  inches. 

,,      , -  28-81  French  Utrea. 

1  pint, «  34*66  cubic  inches. 

1  fluid  ounce, =  1'783    „        „ 

1  cubic  metre  (French),       ...»  85-31658  cubic  feet  (Enidiahi. 

1  litre  (French), -  0-035816  cubic  feel  ^^^'^ 

1  litre, -  61-027  cubic  inches. 

1  cubic  centimetre,  ...»  0-06103  cubic  inches. 

Cubic  centimetres  are  to  cubic  inches  as  16-4  to  1. 
The  Prussian  foot  is  equal  to  12*857  inches,  or  1*0298  English  feet,  and  the  cabie  foot  Prus- 
sian is  equal  to  1*092  cubic  feet  English,  or  almost  I'lOth  more.    The  Prussian  sqnaie  foot  is 
equal  to  152*7  square  English  inches,  or  1*0605  English  square  feet.    One  English  square  foot 
is  equal  to  '9429Pru89ian  square  feet. 
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e  the  temperataie  of  the  air  to  standard  temperature,  as  is  sometiines 

deduction  most  be  made,  however,  for  the  bodies  of  persons  living  in 
K>m ;  a  man  of  average  size  takes  the  place  of  about  2^  to  4  cubic  feet 
(say  3  for  the  average).* 

linear  measurement^  it  is  always  convenient  to  measure  in  feet  and 
ids  of  a  foot^  and  not  in  feet  and  inches.!  If  square  inches  are 
ired,  they  may  be  turned  into  square  feet  by  multiplying  by  007. 


EuLBS — Area  or  Superficies. 


o/drdef     • 

ftiferemce  of  cirde^ 
eUrofdrde^ 

oftHip^e^   . 

mferenee  of  eUipae^ 

ofredan^U^ 

of  foaniXUlogram^ 

oftrapaiumf 


=  D«x  -7854. 
:C«x  -0796. 
:D  X  31416. 
:C  -T- 31416. 

{Multiply  the  product  of  the 
two  diameters  by  *7854. 
{Half  sum  of  the  two  diame- 
ters by  31416. 
Multiply  two  sides. 

{Multiply  a  side  by  its  width 
on  the  square. 
Multiply  ^  sum  of  the  two 
perpendiculars  by  the  dia- 
gonal on  which  they  fall ; 
or 


Fig.  24. 


Fig.  25. 


yftrapewid^ 


Divide  into  two  triangles 
in  the  most  convenient 
manner,  calculate  the 
areas,  and  take  the  sum. 


Take  \  the  sum  of  the 
parallel  sides  and  multi- 
ply by  the  distance  be- 
tween them. 


Fig.  26. 


B  weight  of  A  mtn  in  stonei,  divided  by  4,  gives  the  cubic  feet  he  ocoapies.    Thus  a  men 
%  12  stones  occupies  8  cubic  feet 
I  foUowing  table  may  be  found  convenient :— 
"-.  Dsdmsllgrtsof 

12  -  1-00 

11  -  0-92 

10  -  0-88 

9  -  076 

a  -  0-«7 

7  -  0-68 


Deefanal  parts  of 

afout 

6 

•• 

0-60 

ff 

M 

0-48 

4 

M 

0-83 

8 

« 

0-26 

2 

» 

017 

1 

mm 

0-08 
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Area  of  triangle^ 


YSNTILAnOV. 


Bayse     x  1  height^  or 
Heightx|' 


Fig.  27. 
Area  of  segment  ofdrde^ 


Fig.  28. 


To  f  of  product  of  chni 
and  height  add  thecih 
of  the  height  divided  Iff 
twice  the  chord 

(Ch  X  H  X  I)  +  ^ 


Cvhic  Capacity  of  a  Cube, — ^Multiply  the  three  Himftnai/^wa^  Iq^ 
breadth,  and  height 

Cubic  Capacity  of  a  Cone  or  Pyramid, — Area  of  base  x  ^  height 

Cvhic  Capacity  of  a  Cylinder. — Ai-ea  of  base  x  heightb 

Cvhic  Capacity  of  a  Parallelepiped, — Multiply  area  of  one  aide  hj  tk 
perpendicultu*  let  fall  on  it 

Cubic  Capacity  of  a  Dome, — ^Two-thirds  of  the  product  of  tlie  ana  of  Ik 
base  multiplied  by  the  height  (area  of  base  x  height  x  }). 

Cxa)ic  Capacity  of  a  82)here.—I)^  x  -5236. 

The  cubic  capacity  of  a  bell-tent  may  be  taken  as  that  of  a  cona 

The  cubic  capacity  of  an  hospital  marquee  must  be  got  by  dividii^  ik 
marquee  into  several  parts — 1*^,  into  body ;  and  2d,  roof : — 

1.  Body,  as  a  solid  rectangle,  with  a  half  cylinder  at  each  end 

2.  lioof,  solid  truingle,  and  two  half  cones. 

The  total  number  of  cubic  feet,  with  additions  and  deductions  all  m^^ 
must  tlien  bo  divided  by  the  number  of  persons  living  in  the  room ;  theraoh 
is  the  cubic  space  per  head. 

SECTION  IL 

MOVEMENT  OF  AIR  IN  THE  ROOM. 

The  direction  of  movement  must  first  be  determined,  and  then  its  rate. 

1.  DIRECTION  OP  MOVEMENT. 

First  enumerate  the  various  openings  in  the  room — doors,  windon 
chinmey,  special  openings,  and  tubes — and  consider  wliich  is  likely  to  be  tb 
direction  of  movement,  and  whether  there  is  a  possibility  of  thorough  mow- 
ment  of  the  air.  Then,  if  it  is  not  necessary  to  consider  further  any  mow- 
ment  through  open  doors  or  windows,  close  all  these,  and  examine  the  movf 
ment  throu^'h  the  other  openings,  Tliis  is  best  done  by  smoke  disenguei 
from  smouldering  cotton-velvet,  and  less  perfectly  by  small  balloons,  liA 
pieces  of  paper,  feathers,  c^c  The  flame  of  a  candle,  which  is  often  used,  H 
only  moved  by  strong  currents.  It  may  be  generally  taken  for  granted  tbt 
one  half  the  openings  in  a  room  will  admit  fre«h  air,  and  half  will  be  outkfc 
But  this  is  not  invariable,  as  a  strong  outlet,  like  a  chimney,  may  draw  ai 
through  an  inlet  of  far  greater  area  than  itself  or  may  draw  it  through  i 
much  smaller  area,  with  an  increased  rapidity. 


ESTIMATION  OF  KATE  OF  MOVEMENT  OF  AIR. 
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^H  2.  RATE    OF  MOVEMENT. 

^H  The  direction  being  known,  it  is  only  necessary  to  Die^isur©  the  discbarge 
^Wbroagh  the  outlete,  as  a  corresponding^'  vjuantity  of  fresli  air  must  enter. 

By  the  Anemometer. — This  is  beat  donts  by  an  anemometer,  or  air-meter,  of 
^^hich  there  are  aevenil  in  the  market.  The  one  commonly  nsed  is  that 
^^pventeil  by  Combes  in  1838  :  fonr  little  aaik,  driven  by  the  moving  aii\  turn 
^^Ki  axis  with  an  endless  screw,  which  itself  tnrns  some  smidl  toothed  wheels, 
^H^Kich  indiaite  the  number  of  revolutiona  of  the  axis,  and  cen3ei|uently  the 
^ipace  tmverpfii  by  the  sails  in  a  given  time,  say  one  minute.  M.  Neumann, 
^  of  Paris,  ha«  motiitied  this  anemometer  by  omitting  most  of  the  wheels,  and 
itroducing  a  delicate  wat^^hmakcr^s  spring,  which  opposes  the  force  of  the 
ad,  and  when  it  espials  it,  li rings  the  sails  to  a  stand -Btill  By  a  careful 
Illation  (which  mutit  be  dnne  for  eaeh  instrument),  the  rate  per  second  is 
&terrajne<i,  and  is  indiiL-ated  by  a  f?maU  dial  and  index. 
Mr  Ca^Ua  of  Hatton  Garden,  ha^,  at  ray  suggestion^  modified  and  imj>rove<l 
instrument,  and  has  adapted  it  to  English  measures.  A  very  beautifid 
iment  is  thiu?  avaihiljle  at  a  eom])Eimtively  low  price,  by  which  the 
are  men t  of  air  can  be  measured  very  readily. 

Casella'd  air-meter  is  thus  used  : — Being  set  at  the  zero  point,  it  is  placetl 

the  current  of  air ;  if  it  is  placed  in  a  tube  or  shaft,  it  should  be  put  well 

but  not  (^uite  in  the  c-entre,  iis  the  centiul  velocity  is  always  gnaater  than 

\  of  the  side ;  a  point  about  two-fifths  from  the  sides  of  the  tube  will  give 

mean  velocity.     The  time  when  the  sails  begin  to  move  is  accuiutely 

noted,  and  tiien,  after  a  given  time,   the  instx-ument  is  removed,  and    tho 

movement,  in  the  time  note<i,  is  given  by  the  diid.     A  correction  U  then  matle, 

if  the  instrument  n3<|uires  it,  and  the  linear  discharge  is  obtained,*    If  this  linear 

dischaige  is  multiplied  by  the  section-jiiea  of  the  tube  or  opi^ning  {expressed  in 

feet  or  decimals  of  a  foot),  the  cnbic  discharge  is  obtained.     If  the  current 

\  in  intensity,  the  movement  should  he  taken  several  times,  and  the  mean 

ftleulat^ ;  and  if  the  tube  is  so  email  that  the  sails  apprtjach  elosely  to  the 

cumference,  the  results  cannot  be  de])ended  on.     If  placed  at  the  mouth  of  a 

abe,  it  often  indicates  a  ranch  feebler  cnrrent  than  really  exists  in  tbe  tube. 

The  cubic  discharge  per  minute  being  known,  the  amount  per  hour  is  got 

^y  multiplying  by  60,  and  this,  divitled  by  the  number  of  men  in  the  room, 

1  the  discharge  jier  head  for  that  pitrticular  aperture* 

.  anemometer  on  a  larger  scale  is  fixed  in  some  of  tlie  large  outlets  of  the 

tjhwpitals,  showing   the  movement  at  every  moment  by  means  of  an 

iddiaLt 

By  the  JftmotHi  fi  I  — Dr  Sandei-son  hm  made  an  ingenious  altomtion  of  a 

[lanumetag  qaiBiibeil  by  Pcclet,  which  can  also  be  employed  to  measure  the 

pretssure,  and  by  calculation  the  velocdty,  of  the  air.     The  current  of  air  is 

lowed  to  impinge  on  a  surface  of  water,  and  the  height  to  which  the  water  ia 

riven  up  a  tube  of  known  inchnation  and  size  gives  at  once  a  measure  of  force. 

Jut,  as  necessitating  a  little  calculation,  this  instrument  is  less  useful  than  the 

Bmometer,  though  it  is  adapted  for  ca>4es  where  the  anemometer  ciinnot  he 

l^e^l,  as  it  may  be  connectetl  by  a  long  tube  with  a  distant  room,  and  probaldy 

rould  be  well  fitted  to  measure  consUmtly  tlie  velocity  in  an  extraction  shaft 

In  measuring  the  movement  of  the  air  in  cliimneys,  or  places  whether 

ither  the  heat  or  the  dust  would  injure  the  air-meter,  a  manoiueter  must  be 

Mr  Fletcher  describes  what  aijpcai-s  to  he  a  good  one.J 


All  ixMtranieats  iw|uipe  correction,  nn  they  Eevt?r  give  the   whole  **r  tlie  vtloeity. 
elWa  ueiresft  formn  the  correction  ik  additive  nnd  oBifortn  for  all  veloiMticii, 
Ptclet'  De  la  Clialeur.  t.  L  tj,  171 ,  whtve  th«  dcscripttoti  will  be  found. 
Flflb  Annual  Etsport  dfthe  iDipector  imd«r  tbe  Alfciali  Act,  Blue  Book. 


Ia 


I 
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VENTILATION. 


By  Calculation^ — Supposing  the  external  air  is  tranquil,  and  tliat  the  oiilj 
oause  of  movemtint  is  the  uaequal  weights  of  the  external  tsolder  ftml  tki 
internal  wai-mer  air,  the  amount  of  diBcharge  may  be  approximately  obtaiwd 
by  the  law  of  MontgoUier,  described  in  the  chapter  on  Ventilatiox,  Thm 
is  a  fallacy,  however,  as  the  amount  of  friction  can  never  be  precisely  know^ 
Still,  as  an  approximation,  and  in  the  absence  of  an  anemometer,  the  rule  ft 
usefid ;  and  I  have  therefore  calculated  a  table  as  follows. 

On  testing  this  table,  however,  by  the  air-meter,  I  have  found  it  give  tflf' 
much  when  the  tu1>e8  are  long,  on  account  of  the  great  friction,  and  I 
therefore  advice  the  further  deduction  of  Jth  when  the  shaft  or  tube  i 
and  is  at  the  same  time  of  small  diiimeter.     If  the  tube  has  many 
grtiatly  curved,  this  table  is  too  imperfect  to  be  used* 

Table  fa  show  the  Discharge  of  Air  in  linear  fed  per  minuU.  Colmlolfld, 
golJkr*s  formula  ;  the  expansion  of  air  beinfi  taken  as  0*002 /or  each  dsgrtii 
and  tm^^our^  being  dedueUdforfrieiim,    {Mound  numbers  haw  6«tfii  iaJben^j 


DlFriSSitCt  AirWlKM  ISflSRWiX  Aift)  £XTSfil£AJ.  TKMFlCftATtr«S. 


4    0    0 


7    S|0 


lJl*4l63 


]^i]OTi!idiai  HiiiMiao 

96  111  I'iSlJie  147. 15S  167 

100116  irM)!140l5;Vl64  174  .       

IM  120  l;iS  147  1 6ft  170  IflllSO  200  30 

losiiasia^  15  H 165 17  ft  M7  i^;j07 '11 

lll|mi44J&H  17a  18'J  19ff  304  31»  t2.^ 


IO|u|is|i3|h!i9|i6|17!iI10!8O|im|22^9324 


161|1«917»; 
l«9  177  1fi^ 
176,1RA,19 


1  IS  133l  145162  17(1, 1  BSlfld 
,118jl36l63'167  181193^205 
lS1140!l57JL7-ilBfl'l»(jai0 
mi44  leijl70  190  204  ^ilS'i-iH  J 
l2ai47ll6Sl8ll95  209"it?l  ' *  ^ 
13l|lSi;i69  1IW2(»|2l4.' 
lM154  17ajl8»204[21fl:* 


ai  0390  204' 

,222 'J-i'  J  I 


laeiAs 
1  as  161 

142  1«4 
149  167 
14X170 
lA0;t7S 
163,176 


1 7fi!  193, 209  223: 
180187' 213  327-! 
18^901217  232  J 

190 
IP  I 
197  . 


1««188910  2M 


*?4 


207 


lM»l9Q2l$m2'. 


2K 


'7^07  417  4Lf7 

:  4)1  4  'J  j:;.i 


9w?' 


la  4 


fie 


a    fi  10|11|1S  IS  I4;i5  ie|17  lt|ld;20Z122|2384l8S 


^ 


To  unt  the  taVtle,  determine  the  heij^lit  of  llie  wami  coin  ran  of  air  from  tlie  point  of  enti 
to  llie  point  of  di«chiirgc.  Anctrtaiti  tha  difference  hetween  lU  temperature  ami  thsl  0t\ 
eitemal  air.  Tak«  out  number  from  table,  and  multiply  by  the  8eetioD-&rea  of  th«  diiolMi 
tube  or  openioj?,  m  foot  or  drcimals  of  a  foot.  The  result  ia  tlie  diichfti^e  id  cubic  HlH  j 
minnt«»  Timllti^ly  by  60 — result,  dischjii-jje  per  hour.  Exctniffie. — Heij^ht  of  column,  S2  * 
liilTerence  of  tf  mperattire  between  internal  and  external  air,  17  deg.  Looking  in  tbe 
find  opposite  to  32  and  under  17^  375  feat.     That  would  be  an  area  of  I  square  foot. 


But  snppr»Rliig  our  air  opening  to  be  only 
I  of  a  foot,  we  miitft  multiply  375  by  f 
or  0'75  of  a  foot. 


375  \ 

1875      ^ 
2025 

281-25 


Therefor*  we  c«t  281   fe^ 
minute)*  multiplied    by 
1€,8<K)  fe«t  pel'  hour. 


KXAIOKATION  OF  AIR,  179 

If  thff  movement  of  the  external  air  influences  the  movement  in  the  room^ 
ii  when  the  wind  blows  through  openingaj  calculation  is  useless,  and  th© 
only  can  be  depended  on, 

SECTION  IIL 
EXAMINATION  OF  THE  AIR. 

1,     BT  THE  SE^rsES. 

Haiij  impurities  are  quite  imperceptible  to  smell,  hut  it  so  happen/;  that 
"  Ofgaoic  mattere,  whether  arising  in  respiration  or  in  disease?,  have,  for 
the  moit  party  a  peculiar  fcttid  smell,  which  is  very  perceptible  to  those  txained 
to  ohmarc  it  when  they  enter  a  room  from  the  open  air.  This  is,  in  fact,  a 
mo0t  ddiciie,  as  well  aa  a  ready  way  of  detecting  Bueh  f (jet id  impurities,  and, 
wiCh  a  little  trouble,  the  senae  of  smell  may  be  cultivated  to  the  poijit  of  ex- 
tvome  acuteneaL  Only,  it  must  be  remembeRHi,  that  in  a  short  time  tlie 
bmpnmAtm  la  kwt|  and  ia  not  at  once  regained  even  in  the  open  air.  For  a 
detailed  oooaidaration  of  this  question  see  Dr  de  Chaumont'fl  pnpers  in  tlie 
Prooeadioga  of  the  Royal  Society,"  1875  and  1876.  Among  other  points, 
It  la  thown  that  the  humidity  of  the  air  has  a  very  marked  influence 
^ill  rendiariag  the  amell  of  organic  matter  perceptible,  even  moT«  powerful  than 
m  fjae  in  (aeipBtatttre,  Thus  the  effect  of  an  increase  of  one  per  rpnt  in  the 
"hand^ij  ia  at  great  as  a  rise  of  4°*  18  Fahr.  in  temperature,  calculated  from 
the  mean  of  458  fnUy  recorded  observations.'*' 

Aa  tike  e?idflfi6e  of  the  senses,  however  pi*actically  useful,  is  always  liable 
_Jo  be  elialleoigedy  a  more  thorough  examination  of  the  air  mu8t  in  many  Ciises 
beaadm 

S-  HJOBOSCOPICAL  AND  CHEStlCAL  EXAMIXATIOK. 

Thr  pocnts  which  should  be  examined  are — f 

1^  The  ejciiteiioe  and  character  of  suspended  matters  as  judged  of  by  the 

miGKieco|ie. 
2.  Hie  amoimt  of  carbonic  acid,  which  is  token  as  a  convenient  measure  of 

an  impurities 
2.  Tlir  niuount  of  the  ammonia  existing  aa  such,  or  formed  by  the  action 

of  alkaline  permanganate  on  nitrogenous  substances  floating  in  the  air 

{frofs  and  albuminoid  ammonia). 

4.  The  cnumjit  of  oxidiaable  subatancea,  as  judged  of  by  the  amount  of 
QXjfgai  given  off  by  permanganate* 

5.  The  amount  of  watery  vapour. 

6.  The  pieaence  of  sulphuretted  hydrogen,  or  of  ammonia. 

Mi€ro9copic€ti  Examinatian, 

1.  Snupended  Maiten.X — It  is  probable  that  the  microscopical  examination 
f  mte  win  give  us  in  future  more  imj>ortant  inforniation  even  than  the  chemical 
caiiiUMtioiL  It  is,  of  course,  a  merely  qualitative  test,  as  there  are  no  meane 
[  inoperij  eitimating  the  amount  collected. 


Note  on  the  Theory  of  VcoUl^tioD,  Proccedingi  of  tbe  Royal  Society, 

of  osygen  and  nitrmn  can  «Uo  be  Het«mimed  ;  but  very  Damerrtnt  obeer- 
"B  Ibat  tbe  axygcm  often  iraries  within  extreniely  narrow  limit*,  even  wben 

Ii  NO  4oabl  of  the  preomies  of  ooniidenblo  impurity  in  tbe  air,  so  that  oa  far  as  present 

■palalli  ^w,  the  aet«nnlnatioa  of  iu  amoimt  b  no  good  guide  aa  a  general  rule. 
Z  &••  fagi  §7  for  an  at:cuttnt  of  tbe  euBpended  nu^ten  in  aii. 


180  AIR. 

Tlie  suspend e«l  matters  may  be  collected  very  simply  by  Poucbet's  i 
A  small  fimiiel  is  drawn  into  a  email  point,  l>elow  wbich  !«  a  alip  ot  \ 
niLnstened  with  glyt;erine.  The  end  of  the  funnel  and  a  slip  of  glass  are  m6 
in  an  air-tight  chftmher,  from  wbieh  a  small  gbss  tulie  pjisses  out  imd  is 
iieeted  by  india-robber  tubing  witb  an  aspirator.  As  tht*  water  nxm 
through  tbe  ajapirator,  air  pa^sea  down  the  funnel  and  impinges  on  ^  ^ 
cerine,  which  arrests  any  solid  particles. 

Aa  it  is,  however,  desirable  t<:*  avoid  glycerine^  which  may  (in  fpite  d 
previous  careful  extimination)  contain  foreign  particles,  a  still  b<3tt<?r  plan  i&,  W 
tiike  a  smalJ  bent  tul>e,  wash  it  thoroutrhfy,  dry  it,  and  heat  it  to  rednfiRf: 
when  iiofA^  it  should  be  placed  in  a  freezing  mixture,  an  india-ruliber  tuV  W 
fixed  on  one  end,  and  air  slowly  drawn  through;  the  water  of  the  air  conderw 
in  the  tube,  and  many  of  tbe  solid  pjirticles  fall  with  it.  A  drop  is  tben  tikn 
by  a  perfectly  elean  glass  rod,  previously  heateil  to  redness,  ]daced  on  a  ckiH 
glass,  and  looked  at  with  an  immersion  leos,  as  soon  after  collection  aa  fok 
eible. 

Or  air  may  be  drawn  through  pure  distilled  water,  a  drop  of  which  15  tk« 
examined, 

Dr  Watson  (Staff- Surgeon),  in  his  examination  of  the  air  at  Netley,*  u»d 
fine  glass  threnda  Hooked  in  pure  glycerine,  or  dry,  and  cmshcMl  glaai;  aft* 
the  air  was  drawn  through,  he  washed  the  glass  threads  with  pure  water,  tad 
then  examined  the  water.  These  glass  threads  form  good  traps  for  the  lugs 
partitde.H.t 

An  aspirat*^!',  to  draw  air  through  the  tubes,  is  very  eiisily  made  ;  a  aqiaw 
tin  vessel,  with  a  tap  below,  and  a  small  opening  alcove  to  receive  the  iidi^ 
riiblwr  tul«,  is  all  that  is  necessary ;  fill  this  with  wat«'r,  and  let  it  nin  doTD, 
and  meaisure  the  total  ipmntity  (in  a  pint  ve45sel)  discharged  without  tilting'  tk 
TBSseL  An  im|>erjtd  pint  contains  34*659  cubic  inches,  and  one  fluid  ouu^^ 
1-733  cubic  inches.  A  cubic  foot  is  very  nearly  lOOO  fluid  onucea,  and  th<? 
fiunce  may  bo  taken  aa  1728  cubic  inches.  J  The  exaet  delivery  of  the 
aspirator  is^  therefore^  easily  determined  ;  the  air  should  be  drawn  alowlj 
through  the  lient  tube  in  the  freezing  mixture  or  through  the  aecosodp^  i 
that  no  pai-ticlea  can  escajw. 

Cheviical  ExaminaHon, 
2.  Estimation  of  Carbonic  Acid. — For  our  purpose  the  method 
by  Puttenkofer  is  the  beat     A  glass  vessel  is  titken  capable  of  bol<hii|;T| 
gallon,  or  ii  litres.     Tbe  capacity  is  determinwl  1>y  filling  it  with  Water,  nad 
by  measuring  tbe  contents  by  moans  of  a  litre  or  pint  me^urure  (1   o2,  =  2S^| 
cubic  centimeters).     The  veasel  is  thoroughly  drieil,  and  is  then  fiUnl 
the  air  to  be  examined,  which  is  mr^st  readily  done  by  pumping  in  tin 
with  a  bellows.     Angus  Smith  iecomm<*nds  extracting  the  air  from  t\w  1 
When  this  is  done  60  C.C  of  clear  lime  or  baryta  water  are  put  in,  and] 
mouth  is  closed  with  an  india-rubber  cap.§     The  vessel  is  agitate* I,  bo 
the  lime  water  may  run  over  the  sides,  and  tlien  is  left  tc»  stand  for  not  I 
than  six  or  eight  hours  if  lime-water  l>e  used ;   if  baryta-water  b©  naedl 
experiment  may  Im  completed  in  a  much  shorter  timO)  laas  thftn  i 

♦  Anny  Mffilical  Departrnent  Report,  voL  xl.  p.  529. 

f  I  bAT«  found  carry ifi|7  the  air  through  a  Kuccession  of  hottlet  ooatunins  pvr*  ! 
Wtter  the  best  ptan,  for  the  iwdiment  is  eiaminiMt  by  th«  inicn3«oo|ie,  ttod  tWlii^iikl 
Im  ummI  for  cht*mical  exaiiiiT3nt.ii:mt  for  or^nnic  rrmtter.     (F.  de  (X) 

±  These  numbpr*  mv  I'xact  »t  39"  Fahr.,  or  the  rnnxituAim  density  point  of  wmter, 

f  Should  an  itidlft-niliber  cap  not  be  arAUable,  a  ci»rk  or  &  1>un|;  may  \m  used,  tied  oi 
leftthiT  or  ojl-skin  ;  in  that  a^m  the  seonnd  alkalinity  of  th»*  lirue^WBt4*r  (if  this  b«  tuwl 
be  detemiined  ««  soon  after  the  tix  or  eight  Lours  as  pornhk,  certainly  witliia  24  hoq 
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jOfgibomc  acid  is  abworbed  by  the  lime  or  baryta  water,  and  consequently 

MHicity  of  thcsse  fluids  is,  pro  ianto^  lessened.     If  the  c^iusticity  of  tbo 

or  baryta  ia  known  before  and  after  it  htm  beon  placerl  in  the  v easel,  tlm 

ice  will  give  the  amount  of  lime  or  baryta  which  hajs  Wo  me  united 

carbomc  acid 

The  catifiticity  of  lime  ia  determined  by  means  of  a  solution  of  crystallised 

ic  acid.     If  2*25  grammes  of  crysbdlised  O  (0  +  3Aq)  are  dissolved  in 

litre  of  water,  1  C.C.  will  exactly  neutralise  1  milligramme  (-001  graiiLme) 

f  lime  J  30  U.C.   of  lime  water  are  taken,  and  exactly  neutraliseii ;   f^'ood 

paper  is  the  best  plan  for  detenniniiig  the  exact  point  of  neutralii^a- 

^^__^      the  mai^^  of  the  drop  ^yq^  the  most  delieate  indication.     The 

imoimt  of  lime  in  the  30  C»C,  is  then  equal  to  the  nnmber  of  C.C.  of  oxalic 

fccid  uaed;  it  is  always  somewhere  between  34  and  41  miUigmmmea.* 

After  the  Km©  hafi  absorbed  the  carbonic  acid  of  the  air  in  the  vessel,  30 
!XC.  of  the  fiolution  are  taken  out  and  tested  with  the  oxalic  acid  solution  as 
tefone;  the  (litTerence  shows  the  milligrainTOes  of  lime  precipitattMl  by  the 
Multiply  the  flifierence  by  0-7 95»  the  result  is  the  C.C.  of  CO.^  in  the 
of  air  examined.  Deduct  60  CC.  from  the  total  caj^acity  of  the  jar 
account  for  the  §paoe  occupied  by  the  lime  water  putt  in),  and  stiite  the 
in  litres  and  decimuls :  diviiie  the  GX',  of  COj  obtained  by  the 
cafMudty  of  the  jar;  the  quotient  is  the  C.C.  of  CU^  per  1000 
iimiei  of  air. 


iiR^ — The  fiwt  alkalinity  of  lime-water  > 
was,      ,         .         .         .         .  f 
AftftT  exposiue  to  the  air  in  the 

jar  it  was,     . 
Difference,  being  milli^ntimmes  of  \ 
lime,     .         .         .         .         .  j 


■} 


Hultiply  by  factor, 


39^  for  30  C.C 

6*  pretupitated  by  CO^  in 
jar. 


0-795 


4-770  =  Total  COjj  in  jar  in  CO 

»padty  of  jar 43S5  C.C. 

luct  60  CC^  for  space  taken  by  lime-water,       60 


N^  capacity, =  4325  C.C  =  4-325  litres. 

Then  4-770 -I- 4-325  =  M03  CC.  of  COj  per  litre,  or  volumes  per  1000. 

rhc  factor  0*795  is  obtained  as  follows : — ^The  difference  between  the  two 

Jkalimt- -^^ea  milligrammes  of  lime  precipitat4?d  by  carbonic  acid ;  from 

^hiii  th*  iimea  of  CK)^  can  be  got^  by  calculating  from  the  mtios  of 

eqoivaieiii^  ihua : 

CM)*  CO,.  irfm.«fCaO.    Mfnn.ofCO^ 

56       :       44         :  ;         a        :        ^      :      .".      x  =  a^^. 

56 

Aions  CC  of  CO,  at  32*  Fahr,  (0**.  cent.)  weighs  1-9767  miUigranunfifl, 


khe  nlio  between  weight  and  volume  is 


1 


:  0-506 ;  .\x  X  0*506 -C.a 


1-9767 

ut  OOp  eQETei|M3(iiding  to  the  millijrranmies  by  weight     As  60  C.C.  of  lime* 
vmler  v«ra  poi  into  the  jar,  and  only  30    C*C.  taken,  the  result  must  W 


•  Tl»  iBioinil  TMM*  with  the  tetnpcratiipe,  liroe  being  k«  Boluble  in  hot  than  cold  wnter, 
m%  ^ftf  tbo  aiDciQtit  In  38il  with  i  diltereuoe  of +0*1  far  every  degree  b«low  that,  nnd-O*!  for 
^wmj  d^fTM  aliove  (Ffthr.). 
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Alii, 


Therefore  the  factors  combmed  are 


11x0-506x2=01 


multiplied  by  2. 

and  this,  multiplied  by  a,  the  dUSferenco  between  the  two  alkalinitie^ 
ar,  the  total  C.C  of  GOo  in  the  jar. 

If  Imryta  be  used  instead  of  lime,  it  must  he  free  of  traces  of  potaah  and  sodtr 
a  much  smalhr  quantity  of  liquid  may  be  employed,  as  it  is  so  much  wtm 
soluble  than  lime ;  the  calculation  is  the  same. 

A  correction  for  the  temperature  of  the  air  examined  must  be  madtv 
standard  being  32"  Faiir.,  or  the  freezing-point  of  water.  If  the  tem^ 
be  above  this  (as  it  will  generally  l:>e,  at  legist  in  buddings)  the  air  will 
expanded,  and  a  smaller  quantity^  eonsequently,  will  be  operate<l  on.  On  th* 
other  hand^  below  32'  the  air  will  be  contracted,,  and  a  larger  qni^'tir. 
operated  on  than  at  the  standard  temperature*  This  can  be  com 
adding  0'2  per  cent,  to  the  result  for  every  degree  above  32"^,  and  subLi^uUm 
it  for  every  ilegree  helow ;  the  reason  being  that  air  expands  or  contracto  01 
per  cent  for  every  degree  (or  1  per  cent  for  every  5  degrees)  it  didTialas  fffM 
the  standard.     (See  Mbtborolooy,) 

Example. — In  the  preceding  example  the  CCj  was  found  tcj  be  1-I03p^r 
1000.  Suppose  the  temperature  to  have  been  60°  Fahr.,  then  60  -  32  =  Si* 
to  be  corrected  for  ;  28  x  0*2  =  5*6  per  cent  to  be  added  on  to  restilt*  or 
result  must  he  multiplied  by  1-056,,%  M03  x  1*056  :=  1-154  per  1000, 
corrected  result.  Suppose  the  temperature  had  been  25*  F&hr.,  then 
32  -  25  =  7'*  to  he  corrected  for  ;  7  x  0-2  ^  1'4  per  cent  to  he  dednct«^  m  thp 
residt  must  Ixe  multiplied  by  1^00  -  *014  =  0^986,  .\  M03  x  0*986  ^  1087, lk« 
corrected  result 

A  correction  for  pressure  is  not  necea8ar}%  unless  the  place  ol  obserratioQ 
be  much  removed  from  seadevel ;  in  that  case,  the  barometer  must  be  obsifli^ 
and  a  nde  of  three  stated. 

As  standard  height  of  bar^  \  J  observed  height )    ^  *. 

(=  29-92  in.  -  760  mm.) :  J  t  of  bar  :         /    "  *  ^^^pa^*^) 

3.  Eatimaiion  of  Free  Ammon^m  and  of  the  NUrogenovg  Matter  in 
couperttion  hiio  Albuminoid  Ajiwionia. — The  nitrogenous  matter  existing^^ 
air  may  be  in  the  form  of  ilead  or  living  matter  of  very  various  kind&  Ita 
determination  may  be  useful  as  showing  that  one  or  otier  of  these  da^seft  d 
substances  exists  in  the  air  in  proportions  greater  than  in  pure  mr.  Th$ 
amount  of  nitrogen  may  be  estimated  in  a  similar  manner  to  that  proposal  fc^r 
Wanklyn  autl  Chapman  for  water.  The  late  Mr  Chapman,*  finding  tlmt  waUf 
ihd  not  sufficiently  absorb  the  nitrogenous  substances  in  air,  projKiaed  to  hdt 
finely-powdered  pumice-stone  to  redness,  to  moisten  it  with  pure  water,  and 
then  to  place  it  over  some  coarse  pieces  of  pumice-stone  supported  on  wire  is 
a  funnel ;  a  definite  quantity  of  air  (say  100  litres)  is  then  drawn  through  tbe 
funntd  ;  the  pumice-stone  is  transferred  to  a  retort  containing  watej  freed  fro© 
ammonia,  aud  distiiled  as  in  the  determination  of  the  albuminoid  ainm*:i»ii 
of  water.  (See  page  83.)  l>r  Angus  Smithf  takes  a  bottle  of  about^2000 
C-C.  capacity,  places  in  it  30-50  C.C.  of  the  purest  water,  draws  in  to  It  tb 
air  to  be  examined,  and  then  agitates  the  water  in  the  bottle,  and  proceedl 
as  in  Wanklyn's  and  Chapruan'a  water  test  The  most  convenient  way  is 
draw  the  air  tlirough  a  sut.^cession  of  wash  bottles,  each  couUiining  100  CLI 
of  water,  perfectly  free  from  ammonia^  by  a  mcaj^ured  aspirator,  and  then 
determine  the  frtse  and  albuminoid  ^Hg  iu  Wanldyn  s  method- 

Another  plan  is  to  lead  a  definite  quantity  of  air  through  a  clean  curved 


■I 


•  Chemical  Ncwa,  Feb.  11,  1870. 


t  Air  &Qd  EAin,  p.  42L 
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tal)C^  iOlRNiiidfid  by  a  freemig  mixture ;  the  wator  of  tlte  air  condeTiiit^)  and 
with  il  Mun^  of  tlie  ocganic  matter  ;  the  tube  is  tbon  waahed  out  with  puie 
"WIllW^  tbo  waahings  are  put  into  a  retort  with  ammonia-free  water^  and  distilJetl 
wm  mnmL  After  paesing  through  the  tube  the  air  should  he  led  through  pure 
Water  to  arreiit  the  portion  of  organic  matter  that  alway8  escapes  condensation. 

ITic  AiDOtmt  of  ammonia  (fre*  and  albuminoid)  is  determined  aa  in  water 
iiiuil3rat&  The  mere  presence  of  free  ammonia  may  1m?  detiTmined  by  exposing 
«tn|ia  of  filtering  paper,  dipped  in  Nessler's  solution  or  in  the  etherial  solution 
of  the  afeohaiic  extract  of  logwood :  the  former  t>e<>>nj<^s  yellow,  the  latter 
pOffkliW 

Tha  ^iiittiitity  of  air  drawn  through  mm^t,  of  course,  be  accurately  determined 
hr  a  pmpesiy  arranged  aspirator,  and  the  results  then  calculated  in  milli- 
graxmaeB  per  cubic  metre,^ 

4.  MtHmaiion  of  ihe  0xidi9aUe  Matier^  in  ike  Air  in  terms  of  Oxygen, — In 
iWi  camik  definit*^  quantity  of  air  is  drawn  through  a  solution  of  permanganate 
irf  potaosain  of  known  strength,  and  the  amount  of  undecompo8e4i  pemiiin- 
ipywla  it  delermined  by  oxalic  acid.  Or  part  of  the  water  tlirough  which  the 
ilr  Ins  been  dmwn  for  the  ammonia  detenninations  may  be  examined  in 
Ibe  Mine  way  as  in  the  case  of  drinking  water.  The  permanganate  acts  upon 
Tariotti  imtteia  in  the  air,  besides  the  pntrescihle  organic  mattern,  such  as 
solptniivlted  hydrogen,  nitrotis  aciil,  tarry  matters,  &c^  The  presence  or 
abeence  of  H^S  may  be  detjemiined  qualitatively  by  means  of  acetate  of  lead 
papera,  aminumum  sulphide  by  paper  dipped  in  nitroprufiside  of  sodium] 
wliilst  tairy  matters  would  generally  be  recognised  by  the  smell  of  the  water, 
or  ita  lorbidily.  In  the  absence  of  thea*  the  dillerenee  between  the  perman- 
ganale  de^anninations,  l>efore  and  after  bi^Uiiig  with  sialphuric  acid,  may  be 
eajealated  as  nitrous  acid,  as  in  the  ca^^e  of  drinking  w liter  ;  whilj^t  the  result 
after  boiling  siay  be  reckoned  as  the  oxygon  for  oxiilisable  organic  matter 
only  4 

The  Jiilric  add  may  also  be  determined,  in  the  same  way  aa  in  drinking 
WlteTi  from  the  washings  of  the  air  nhtained  aa  above. 

All  tbese  detenninatians  should  1»e  made,  when  opportunitiee  oflfer,  as  the 
namlttf  tnay  prove  hereafter  of  some  value, 

5.  Watrrjf  Vapour, — ^The  hyg^:»metric  condition  of  the  air  is  known  in  van* 
mta  waja,  €«pecially  by  the  dry  and  wet  bullM,  as  explained  in  the  chapter 
on  McnDOROLoOT.  The  hair  hygrometer  is  a  very  useful  inBtrument  for  this 
paxpom^  as  it  marka  the  degree  of  humidity  much  more  quickly  than  the  dry 

bulba. 


SECTION  IV. 


SCEEUE  FOR  THE  APPLICATION  OF  THE  FOREGOING  RULES. 

Wbim  a  ventihition  inquiry  is  about  to  be  made,  everything  ought  to  be  got 
rvaiiy  hufvfr^^bmmt     A  number  of  Kittles  (about  4  tt»  4 J  iitrea),  or  glass  jars, 
oiit/ht  to  Tie  caiefnUj  tneasured,  and  the  capacity  in  C,C.   (lej*s  60  C.C  to 
M  limo-water)  m^irked  uiwn  them  ;  each  bottle  ought  alao  to  have 
,::.ii^'  india-rubber  cap  and  a  distinctive  number     These  bottles  are 
t  i   for  collecting  the  sjimple^  of  air  for  Ct.y     ('bargee  of  lime-water 

(rat  u  itij  UC)  ought  to  be  carefullj  measured  oJf  with  a  burette,  or  graduated 


•  Om-  cuUtc  m*»ti*  cqimlu  1000  lilreii.  or  1 , 000,060  CC, 

t  Sc«  lUsporU  00  St  MftO  J  Hi^spiUi  by  Dr,  i\  de  ClmumoiiU 


184 


AlU. 


pilMsttoj  into  small  stop]>ered  bottles.    Two  or  more  seta  of  wet  and  dry  bulb  t 
mometers  ouglit  tci  be  rca«lyi  and  two  or  more  sc?irie8  of  not  less  than  six  liuUki 
each  containing  abrjut  100  CX\  of  pure  distilknl  water,  connect/fd 
ATith  gliiss  tubes  and  india-rubber  caps ;  also  four  or  more  aspimtors*  fordan 
iug  the  airthirriigh  tlie  bottles.     One  of  Caaella's  small  air  meters^  with  a  h 
pole  in  joints,  into  which  it  can  be  screwed,  a  me^isurtng  tape  and  forit  i 
ft  pair  of  bellows,  a  pocket  compass,  some  pieces  of  cotton-velvety  a  nole-book, 
are  also  necessary. 

"V^Tien  a  rocnn  has  to  be  examined,  enter  it  after  being  some  time  in  lb* 
open  air,  and  notice  if  there  be  an 3*  smell ;  recoixi  the  sensation  at  once  in  70 
notes.     Hang  up  the  wet  and  dry  btdb  thermometer  (if  it  has  not  been  [  * 
there   before),  and  then  proceed   to  take  samples  of   the  air  for  CU^; 
necessary,  attach  a  piece  of  india-rul>ber  tubing  to  the  nozzle  of  the 
a )  as  to  get  down  to  the  bottom  of  the  jar*     Pump  about  50  or  100  stntelT 
then  pour  in  the  lime-water  ivom  one  of  the  small  bottles^  put  on  the  ilftdii^ 
rubber  cap,  and  shake  it  nj>.     Always  take  itco  samples  at  leaat,  and  mow  if 
a  large  room.     Note  the  numbers  of  the  bottles.     Take  the  wet  and  drj  balb 
readings.     Arrange  the  set  of  bottler  with  distilled  water  in  some  conveoieil 
place,  and  attacli  them  to  one  of  tlie  aspirat-ors,  which  may  be  idlo wed  Uktu§ 
into  another  below  it.     Wlien  the  upper  one  is  empty  it  may  be  cha 
the  lower  one,  and  so  the  stream  of  air  may  be  carried  on  for  any  k 
time,  as  seems  necessary, — the  numljer  of  times  the  aspirators  are 
should  be  duly  noted.     In  determining  the  carbonic  ac»d»  put  out  ail 
lights,  or  have  only  sufficient  for  working  pur}>ose8 ;  allow  no  amoking,  tiwi 
have  no  person  in  the  room  but  those  who  are  sleeping  there.     The  aspiratiiTi 
may   be    allowed   to  go   on    continuoiLsly,    but    the   examination    of    tfa* 
air  for  CtJ^  o^ight  to  be  repeated  at  intervals,  the  exact  time  of  obiem* 
tions  being  noted.     At  tlie  same  time,  similar  observations  ought  to  be  nan!* 
in  the  open  air,  as  nearly  as  po0sil>le  simidtaneously  witli  thos*^  inside.    At 
some  convenient  time  the  measorements  of  the  room  and  the  ventilatons  the 
velocities  of  the  cuiTents  of  air,  &c.,  should  be  taken  on  some  sn^-h  plan  as  the 
following  ■ — Measure  the  cubic  space,  then  consider  the  poesibU^  sources  of 
entrance  and  exit  of  air ;  if  there  are  only  doors  and  windows,  notice  the  (& 
tjMK^e  between  them,  how  they   open,  on  what  external  place  they  ojien; 
whether  there  is  free  passage  of  air  from  side  to  side  ;  whether  it  is  likely  the 
air  will  Ije  pK^perly  distributed.     On  all  these  points  an  opinion  is  mm 
aniveil  at.     If  there  are  other  oj>ening8,  measure  them  all  carefully,  eo  as  to 
get  tbeii'  aiiiK^rticies  ;    the  chimney  must  be  measured  at  its  throat  or  smaUeit 
l>art.     Itetennine  then  the  direction  of  movement  of  air  through  tlteee  oyext 
ings  by  smoke,  noting  the  apparent  rapidity.     The  doors  and  windows  shouM 
Ije  closed.     When  the  inlets  have  been  discovered,  consider  whether  the  iff 
ia  drawn  from  a  pure  external  souice,  and  whether  there  is  proper  distributioB 
in  the  room.     Then  measure  the  amount  of  movement  in  both  inlets  mi 
outlets  with  the  anemometer,  or  calculate  by  the  table  if  it  seems  safe  to  Ju 

RO. 

If  the  ventilation  of  the  room  is  influenced  by  the  wind,  the  horiimitil 
movement  of  the  external  air  should  be  determined  by  Eobinson's  anemo- 
meter, or  the  little  air-meter  by  Casella  may  be  also  used  for  this  purpose. 

*'  The  ftaplntor  is  liimplj  a  tin  box  of  about  Dne  cubic  rr>r>t  (2S|  litres)  in  CApacity,  it  is  HM 
>vith  water  and  tbert  h  »  »hort  tubo  ia  the  top,  to  which  tbe  tul»e  from  the  bottl*  inAy  be  <«fr 
Heeled  by  raean.<i  of  an  in  din- rubber  cap.  At  the  bolt<>iii  tbeix^  l»  a  tap  by  which  tbe  water  cio  bi 
dmwn  off;  aa  tbe  vessel  empties  an  equiraknt  bulk  of  air  enti^m,  bavtni^  paned  throo^Ht 
hottlci.  Each  time  nii  nspimtor  is  emptied  the  quantity  of  air  di'awn  tbrouga  shouUi  be  iMlvi; 
tlie  Velocity  of  tbe  curriiut  ought  not  to  be  too  gruat^  and  it  can  be  et;sily  regulated  by  tlie  Hfl 
It  is  well  to  uumber  the  a^Mpiratcrn  and  aiJirk  tho  capacity  qu  each,  as  in  the  case  of  toe  botte 
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In  lecxnding  the  velocity  of  the' air  at  any  openings,  it  is  convenient  to 
mark  an  incoming  current  with  a  plus  sign  and  an  outgoing  with  a  yninint, 
thna:+75  would  mean  an  incoming  current  at  the  rate  of  75  foot  per 
murate ;  whilst-  63  would  mean  an  outgoing  current  at  63  feet  |)er  minute. 

When  the  final  analyses  are  made,  and  the  amount  of  COo  detei-miued,  the 
UDonnt  of  air  per  head  per  hour,  supplied  and  utilised,  ought  to  be  calculated 
oat  (as  before  explained),  and  compared  with  the  amount  of  movement 
determined  with  the  air  meter.  If  the  quantities  accord  fairly,  the  distribu- 
tion may  be  cQnsidered  good ;  on  the  other  hand,  if  they  diiier,  an  excess  by 
the  air-meter  ahowe  bad  distribution,  whilst  a  dd&ciency  indicates  some  other 
eooroe  of  inocmung  air  not  yet  ob6er\'ed. 

The  watery  through  whidi  the  air  has  been  passed  by  the  aspirator,  ought 
to  be  examined  at  once,  if  practicable ;  if  not,  the  bottles  ought  to  be  carefully 
iftoppezed,  and  the  stoppers  tied  down  with  leather  or  strong  linen, — when 
conyenient^  the  sediment  should  be  examined  microscopically,  and  the  water 
(when  the  sediment  has  subsided)  chemically  as  before  explained. 


CHAPTER    V. 
FOOD. 

SECTION  L 

GENEBAL  PRINCIPLES  OF  DIET. 

A  FOOD  is  either  a  substance  witli  a  etore  of  potential  or  latent  eneigr, 
ie  capable  of  being  manifestel  in  the  btxly  under  the  form  of  beat^  di 
mechanical  movement,  formative  power  (if  such  a  term   may  be  used), 
and  which  nianife^st^tions  serve  the  purposes  of  healthy  life,*  or  it  is  i 
stance  which  aida  or  permits  the  manifestation  and  application  of  this 
Under  the  first  head  come  all  the  substances  capable  of  oxidation  (or 

tion,  or  Bplittin|?,  if  it  be  hereafter   proved  thzit  energy    is  mani    

tmnsformed  during  such  alterations)  j  and  under  the  second,  tbe  sriheblOBt 
which,  though  not  oxidisable,  play  an  essential  part  in  preparing  the  condilitii 
for  chemical  changes,  such  as  water  and  some  Baits.  Neitber  cla^  per  m^ » 
capable  of  the  manifestation  of  energy,  and  therefore  tbe  title  of  food  l^ 
etiictlj  applicable  only  when  lioth  cl-iBses  are  pre^ut  Indeed,  it  may  betfiti 
that  the  full  powers  as  foo<i,  even  of  the  first  clas^  are  only  manifested  who 
certain  different  kinds  of  aliments  which  make  up  the  cla^^s  exist  tog«tke 
Tbcre  must,  therefore,  he  a  comldnation  of  the  so-called  foods  to  mjiisiBB 
perfect  nutrition.  The  enumeration  mwi  cltiasifi cation  of  the  foods  or  aliinvDli 
necessar}^  to  maintain  human  life  in  itn  vao^i  ]»erfect  state  bave  been  UiiaJ^ 
based  on  the  detluction  of  Prout,  that  milk  contiiins  all  the  nece^ssary  alilDiMtfii^ 
and  in  the  best  form*  The  subaUujces  in  milk  are — let^  tbe  mtrognKPai 
matters,  viz,,  the  casein  principally,  aiid  in  sm^dler  quantities,  albumen,  liCto 
protein^  and  j>erhaps  other  albuminous  bodies;  2d,  the  fat  and  oil ;  3d, 
in  the  fomi  of  lactin ;  4th,  watr^r  and  salts,  the  latter  being  especially 
binations  of  magnesium,  calcium,  potassium,  sotlium,  and  iron,  with  chl< 
phosphoric  acid,  and  in  smaller  quantities  sulphuric  acid 

In  addition  to  their  occurrence  in  milk,  which  is  admitted  to  Ite  a  peri 
food  for  the  young,  this  enumeration  of  aliments  appears  to  be  justified 
two  eonsidertdions.  Firsts  that  the  dil^ercnt  raend>ers  of  each  class,  inirr  m^ 
have  a  remarkaldy  similar  composition,  while  there  are  broad  lines  of  phyadi 
and  chemical  demarcation  between  tbe  clanse^s ;  and  secondly^  thai  tb* 
different  claseeB  appear  to  serve  diiierent  purposes  in  nutrition,  and  ans  iB 
necessary  for  perfect  health. 

Tlie  first  point  is  obvious  enough,  Tlie  nitrogenotie  aliments  are  blriod- 
fibrine,  muscle-tibrine  or  sjTitonin,  myosin,  vegetable  libriDe,  albumen  in  itt 
varioiLs  fonus,  casein  (in  its  animal  and  vegetable  forms),  and  globulin. 
Their  comjriosition,  &c,,  is  remarkably  unifi>rm;  they  contain  between  15*i 
and  16*5  per  cent  of  nitrogen,  and  laay  he  conveniently  diatinguiBhed  by  tin 


»erW 
cd? 


*  The  aililitian  that  the  Tnanire^tAtion  of  energy  m  the  lx)dy  serves  the  porpoaec  of 
Dutrilton  '\%  neeejisary  to  fiistinjfuish  the  actions  of  food  from  those  of  n}«dicities  or  ^,^^-^, 
whicB  only  s«nre  heallhy  natritioa  iadirectlyby  actiag  on  the  processes  ofimbealthy  tiulri(MB^ 
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commoQ  term  of  albtuninates.  They  can  repldce  each  other  in  nutrition. 
Tbem  lie  dotoe  other  nitrogenous  bodies,  such  as  gelatine  and  chondrin,  and 
Um  sabiteiices  classed  under  keratin  or  ekatin,  whiidx,  though  iip}ni>fu  hing  in 
chwnicil  chimicteis  to  the  other  substances,  are  not  thetr  nutritive  etj^uals. 

Hie  second  claas  consists  of  the  yanouii  animal  and  vt^getaljjo  fats,  wax, 
&c.,  the  composition  of  which  is  very  uniform,  and  the  chief  nutritive  diflcp- 
eoees  of  which  depend  on  physical  conditiona  of  form  or  aggregation,  which 
msotm  •oine  fatsi,  when  acted  upon  by  the  alimentary  tiuids,  to  be  more  e^isily 
absorbed  than  others. 

The  ^fmp  of  the  staitshy  and  saccharine  substances  (the  carbo-hydrates),  or 
of  their  alUeo  or  derivatives  (dextrin,  pectin),  is  eciually  well  chanict^irised  by 
cheiitieal  loaemblances,  infer  se^  and  differences  from  the  other  groups.  The 
wvend  dietetic  starches,  sugars,  including  lactiii,  ceHnloee  (whose  want  of 
nutritive  power  is  dependent  on  form  and  aggregation,  and  which  requii'es 
for  ilige«Etion  a  more  elabonite  apparatus  than  some  animals  posBess),  and  the 
vartoQA  derivatives  of  the  etarches,  are  all  closely  allied.  There  hi\»  been 
•oine  doubt  whether  pectin  shoidd  be  classed  chemically  with  the  sugar  and 
slatch  group,  as  the  oxygen  and  hydrogen  are  not  in  the  proportions  t<3  fonn 
nmtBT,  but  this  is  perhaps  no  objection  to  its  association  in  a  dietetic  classlii- 

The  fourth  cIiubs,  consisting  of  the  salto  already  noted  and  of  water,  needs 
no  eoiis]|i6iit« 

The  phT?in!o{dcal  evidence  that  these  classes  of  aliments  serve  dilFcrent 
piQpoaei  1  »a  is  not  so  complete  as  that  of  their  chemical  differences. 

Few  wl ,,  i  peimime,  that  a  broad  distinction  must  be  dmi^-n  iMitween 

the  zutiQgpoous  and  non-nitrogenous  substances.  Lat<j  researches,  which 
have  mnch  modified  our  opinion  of  the  direction  in  which  tlie  jMitcutiiil  energy 
of  the  dietetic  principles  may  be  manifested  (as  heat,  or  electncity,  or  meebini- 
caJ  movement),  and  of  the  mode  in  which  the  nltrogenoiLS  substance!^  in  par- 
tjcnlai;  aid  or  restrain  this  transfonnation,  do  not,  it  appears  to  me,  impraeh 
the  p  n  that  the  presence  of  nitrogen  iu  an  organised  structure,  and 

iU  p^  u  in  the  action  going  on  there,  is  a  necessary  condition  for  the 

lion  of  any  force,  or  any  chemical  change.     Whether,  when  energy  is 
" ,  the  nitKigenoiis  framework  of  any  nitrogenous  structure  is  a  mei^ 
^„^j  on  which  other  actors  play,  or  whether  it  is  used  up  and  destroyed,  or 
ii^  on  the  other  hantl,  built  up  or  renovated  during  action,  is,  as  far  as  classi- 
fication of  food  is  concerned,  a  matter  of  no  consequence. 

The  following  considerations  seem  to  prove  the  necessary  participation  of 
iha  nitrogenous  etmcture^  in  manifestations  of  energy.  Every  structure  in 
the  body  in  which  any  form  of  energy  is  manifested  (heat,  mechanical  motion, 
ebenucal  or  electrit^  action,  &c.)  is  nitrogenous.  The  nerves,  the  muscles, 
thte  gland  cells,  the  floating  cells  in  the  various  liquiik,  the  semen  and  the 
CTsnan  cells,  are  all  nitrogenous.  Even  the  non-cellular  liquids  passing  out 
into  the  aUmentary  canal  at  various  points,  which  have  so  great  an  action  in 
pnpuiiig  the  food  in  ilifferent  ways,  are  not  only  nitrogenous,  but  the  con- 
itaiey  of  thi»  im[»Lies  the  necessity  of  the  nitrogen,  in  onler  that  thfivse  actions 
abatl  be  perform*:^! ;  and  the  same  constancy  of  the  presence  of  nitrog'^n, 
when  function  is  performed,  is  apparently  traceable  through  the  whole  world. 
StLtidy  mich  constancy  proves  necessity.  Then,  if  the  nitrogen  lie  cut  off 
fmm  the  l»ody,  the  various  functions  languish.  This  does  not  cjccur  at  once, 
for  livery  body  contains  a  store  of  nitrogen,  but  it  is  at  length  inentabh?, 
Agatn^  if  tt  is  wished  to  increase  the  manitotation  of  the  energies  nf  the  vari- 

I  OfjgpBOiSt  more  nitrogen  must  be  supplied.     The  experiments  of  Pettenkofer 

1  Voil  abow  that  the  nitrogenous  substances  composing  the  textures  of  tho 
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body  tletemiine  tbe  absorption  of  oxygen.*    The  condensation  of  the  OTrps 
from  the  atmosphei-e,  ita  ootiversioii  into  its  active  condition  (ozone),  uid  ia 
apjilication  to  oxidation,  are  according  to  their  experiments  entirely  Mnilti  lb 
control  of  the  nitrogenous  tissues  (fixed  and  floating),  and  are  apparentlr  pB>- 
portional  t<;>  their  size  and  vigour, f  and  to  changes  occurring  in  them,    TTir 
absorption  of  oxygen  does  not  determine  the  changes  in  the  tissues,  but  tk 
idiani^es  in  the  tisautis  determine  the  alj8or|)tion  of  oxygen.      In  ot^ei  woidi^ 
without  the  participation  of  the  lutrogentjus  bodiea,   no  oxidatioii  sod  T» 
manifesttition  of  energy  is  po&aible.     If  I  rif^litly  interpret  the  experiisesb^ 
they  show  tliat  the  absoqition  of  oxygen  by  the  hings  (blDod-compasit]0ii,«ttl 
physical  conditions  of  pressure,  &c.,  remaining  constant),  ia  dependent  Oil  ii 
disposal  in  tlie  body,  and  that  this  disposal  is  in  direct  relation  witii  ftl 
absolute'   and    relative   amount   and   action   of  the    nitrogenoue   structSBtt 
Mechanical  motion,  electricity,  or  heat  may  >>e  owing  to  oxidation  of  61 « 
of  stfti'cli,  or  of  nitrogenous  substance  ;  but  whatever  be  the  final  source^  thi 
direction  is  given  by  the  nitrogenous  structures. 

The  next  point  ia  not  quite  fio  clear.  Arc  the  non-nitrogenons  bodietf^  fc 
fata  ami  the  a  torches,  to  be  again  broadly  8eparat<?d  into  two  groups,  ^riaA 
cannot  rc^place  each  other ;  or,  are  these  nutritively  convertible  1  It  i«  iw» 
certain  that  fat  arises  from  alliuminates,  I  so  that  the  nitrogenoiu  subfltttei 
plays  two  parts— first,  of  the  organic  framework,  t.e.,  of  the  regulator  of  ««)■ 
dation  ami  of  tmnsformation  of  energy ;  and  second,  it  forms  a  non-nitrogeiMMi 
substance  which  ia  oxidised  and  tmnsformed. 

The  experiments  of  Edward  Smitli,  Fick  and  Wislicenus,  Haughton,  i»i 
others,  on  muscular  action,  prove  that  we  must  look  for  the  main  aoiutv  i^ 
energy  which  is  apparent  during  muscidar  action  in  the  oxidation  of  wnt- 
nitrogenous  substances,  but  no  experiments  have  yet  8ho\^Ti  whether  these  iii 
fatty  or  saccliarine.  It  seems  to  he  inferred  that  it  is  fat  which  is  tto 
chiefly  acted  upon ;  but  this  opinion  is  rather  derived  from  a  reference  to  tbe 
universal  presence  of  fat  when  energy  is  manifested,  to  the  known  necesfitr 
of  it  in  diet  {for  though  the  dog  and  the  rat  (Savory)  can  Jive  on  f 
meat  alone,  man  cannot  do  so),§  and  from  the  large  amount  of  energy  it^  < 
tion  can  produce,  than  from  actual  observation.  If  it  were  true,  a  brood  ito- 
tinction  would  be  at  once  duiwn  between  fatty  and  starchy  foi^d,  but  it  is  Bot 
experimentjiUy  proved.  If,  on  the  other  hand,  it  were  certain  that  the  stmthf 
idiments  formed  fat  in  the  human  body  as  a  rule,  this  would  be  a  reason  fflf 
diuwing  no  distinction  between  the  groups.  Independent  of  the  argmoent 
sirawn  from  hee^  fed  on  sugar  alone  and  forming  wax,  from  the  fattening  of 
ducks  and  geese,  and  the  older  experiments  on  pigs,  the  later  experiments  erf 
Law^es  and  Gilbert ||  seem  to  cleiirly  show  that  the  fat  stored  up  in  fattonod 
pigs  cannot  be  derived  from  the  fat  given  in  the  food,  but  maLst  haVB  bftfi 
produced  partly  from  nitrogcnoua  substances,  but  chieiiy  fiwrn  the  carbo- 
hydrates. So  also  it  seems  now  probable  that  the  fat  in  milk  is  not  deriTirf 
at  once  from  bloo<l,  hut  from  changes  of  albumen  in  the  lacteal  gland-celk 
There  seems  no  reason  why  we  should  not  extend  the  inference  to  man.  If 
so,  a  man  could  Uv©  in  perfect  health  on  a  diet  composed  only  of  £at-fnt 


*  Zt-itsch,  flir  Biologie,  lianil  li.  p.  4&7.  See  Mpeci&Uf  tbe  eurnmuy  ^f  their  optnido  al 
page  571. 

t  When  to  ft  diet  of  meat,  which  causes  a  certain  nhflorptioii  of  oxygeti«  fet  or  sugar  u  addd. 
the  sbflor|ttioti  of  oxvf^ea  leeaem  (ERnke,  Phya.  dea  Meiischea,  186S,  p.  1-16) ;  so  thai  itk  t^ 
tlTfl  as  wen  m  ul>scjlute  ttniount  which  conie.*^  into  play* 

%  Aocorrting  to  Hennehey,  ItM)  ntirta  of  <|ry  nUmmtin  can  ykUi  61*4  paiiaof  fat. 

f  Rofike  could  not  fjiamUm  himeclf  m  perfect  utitriiioD  od  meat  alone,     PhyaioL  < 
Me&wjhen  ISm,  p.  140. 

U  On  the  Suurc€9  of  the  Fat  in  the  AnimuL  Body,  PhlL  Mag.  Dec.  186<L 
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^Ptaicli,  with  salts  and  water,  just  as  be  con  certainly  live  (though 
Rot  in  the  highest  health)  on  meat,  fat,  siUta,  and  water.  The  carho- 
IB  would  then  be  proved  to  l;»e  aide  to  rejdace  fats.  The  exjjenmeiit 
i  yet  been  perform^  to  mj  knowledgi3,  hufc  it  seeniB  important  it  shuuld 

tven's  experiments  also  suggest  that  in  catile  the  aarbo-hydmtes  may 
J  in  the  almientiiry  canal  into  glycerine,  lactic,  and  butyric  acids,  and 
ic  acid  imd  man^h  gas.  If  this  be  true,  in  the  herhivora  the  starches 
be  merely  another  iform  of  faL 

W^ment  against  the  fat^s  and  carbo-hydrates  being  mutually  replaceable 
ordinary  conditions  in  the  tliet  of  men  is  drauTi  from  a  consideration 
diete  used  by  all  nations.  In  no  case  in  which  it  can  he  obtained  is  an 
jure  of  starch,  in  some  fonn,  with  fat  omitted.  Moreover,  in  all  cases 
i  in  those  nations,  like  the  Ustiuimaux,  who  are  under  particular  con- 

of  food)  we  find  that  the  amount  of  fat  tiiken  is  cumparativelj  small 
|[ptireil  with  that  of  starches.  Wliy  shoidil  this  be,  if  the  two  groups 
irtually  the  same  end  ]  Is  it  a  matter  of  chance  that  nature  baa  every- 
tuisced  up  fat  jind  carlKi-hydmtea  in  those  foods  on  which  men  thrive 
r  is  it  tbis  mixture  which  has  aided  in  making  men  what  they  are  f 
B  almost  all  the  known  diets  in  the  world,  which  are  not,  so  to  speak, 
if  necessity,  and  they  consist  {besides  water  and  salts)  of  nitrogenous 
ices,  fat,  and  starches.  If  the  two  latter  are  convertible,  why  should 
f  find  in  sinne  places  diets  of  allmminates  and  fats  only  ;  in  others  of 
tnates  and  starches  only?  "VVliy  should  there  he  this  singidar 
mity  of  combination  1  Why,  also,  should  aU  nations  so  eagerly  seek 
Nrches  and  sugars,  even  when  fats  are  avaOjible,  so  that  it  seems  almf>st 
^et  to  desire  them  1  The  fata  when  ttiken  into  the  body  enter  like  the 
Ittotee  into  the  structure  of  the  tissues,*  of  which  fat  fonna  iji  probably 
m  an  essential  part     The  carbo-hydrate*?,  on  tlie  other  hand,  in  the 

body  do  not  ap]:iear  to  be  parts  of  the  tissues,  though  they  are 
led  in  the  ttuiils  which  bathe  them,  or  are  conUdned  in  the  in.  The 
direction  which  the  chemic^al  changej;  in  the  carhtidiyd rates  take  in  the 
leem  also  to  point  to  special  duties.  Thus,  the  formation  of  lactic  and 
icids  of  the  same  chaa  must  arise  from  carho-hydmtcs  chietly  or  solely. 
e  formation  of  these  acids  is  certainly  most  important  in  nutrition,  for 
ffious  reaction  of  the  fluids,  which  offer  so  striking  a  contmst 
Ikalinity  of  the  blood,  the  acidity  of  most  mucous  secretions,  of  the 

urine,  (fee),  must  be  chii.^fiy  owing  to  the  action  of  lactic  acid  on  the 
lOtee,  or  the  chlorides,  and  to  the  ease  with  which  it  is  oxidised  and 
idf     If  the  direction  of  the  changes  which  the  carho-hydmtes  undergo 

the  Wly  is  different  from  tluit  of  the  fate,  the  products  of  these 
m  must  be  inferred  to  play  dissimilar  parts, 

boat  pushing  these  arguments  too  far,  and  with  the  admiasion  that  the 
Iris  very  ol>acure,  I  think  we  are  entitled  tcj  assert  that  the  two  groups  of 
d  carbo-hydrates  are  not  so  inmiedlately  and  completely  convertible  as  to 
1  m  to  place  them  together  in  a  classification  of  dieta 
be  second  question  to  which  reference  waa  made,  viz,  that  of  a  nitro- 
I  substance  furnishing  fat,  or  a  earbch^hydrate,  the  case  ia  simpler*     The 


I  h>U  appear  to  pass  inU*  tbe  bofly  directly  and  after  Mponification,  wkich 
abftOTptinn  e&ny,  Tiie  soap  is  then,  accordhjff  to  Radjii^iiWflki's  experimeuU  {Virehow'a 
band  xliii.  p.  268 ),  rerfjii verted  into  Hit.  Ituus  l>een  Bupposad  that  the  greater  jijiit  a 
roe  fat  ifat  Cflb)  is  not  <l*^nved  in  this  way,  but  fhjm  the  tisiuo  alburDinatei* ;  but 
lii*B  exp«?rimeDta  anti  njasoniiiga  (Zeitstjh.  fiir  Bid.,  band  vliit  p.  153.)  3«eiii  to  sIjow  tlwt 
litfld  (ait  ftro  atored  up  lArgely.    Clkacjil  obtervationa  certidiily  support  thia  vkw» 
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experimunte  of  Yoit,  and  of  Lawes  and  Gillwyi,  as  well  as  oilier  considc! 
prove  that  the  fut  of  tissues  may  be  derived  from  nitrogBnoiis  substj 
there  arc  retisous  to  believe  that  a  glycogenous  substance  may  also  be  < 
from  albuminate^.*     It  is  also  protj^ible,  though  not  proved,  that  thise  i 
nitrogenous  derivatives  may  be  burnt  up  in  the  muscles  and  other  poi^  I 
Fick  conjt^ctnres.t    But  this  cannot  aUow  ns  to  consider  an  albiunitiflte  i 
aliment  which  may  replace  fat  or  starch  in  the  case  of  nuur     The  dig 
system  of  man  is  framed  so  ditierently  from  that  of  the   camivora,  ihii  ! 
must  he  ttiken  in  its  own  form,  for  it  either  cannot  l>e    formed  in  rvffintf^ 
ijuantity  from  alhimnoatcs^  or  the  bady  h  poisoned  by  the  axcass  of  nitnnj 
which  is  neceasiirily  absorbed  to  supply  it 

With  regard  to  the  necessity  of  all  four  classes  of  aliments^  it 
affirmed  with  certainty,  that  {putting  scurvy  out  of  the  question)  men  can  fii 
for  some  time  antl  he  healthy  with  a  diet  of  alhuminatcs,  fat,  salts,  and  i 
But  special  condititma  of  life,  such  as  great  exercise,  or  exposure  to  very  1 
temperature,  apjxjar  to  ho  necessary,  and  under  usual  conditions  of  life  I 
is  not  very  |)erfectly  maintained  on  such  diet.     It  has  not  yet 
that  men  can  live  in  good  heiilth  on  albuminates,  carbo-hy dilutes,  , 
water,  &e.,  without  fat| 

The  exact  effect  produced  by  the  deprivation  of  any  one  of  these  ( 
not  yet  known.  An  excess  of  the  albuminates  causes  a  more  rapid  olid 
of  fat  {and  in  dogs  an  elimination  of  water),  while  an  excess  of  fat  lesBeutiit 
absorption  of  oxygen,  and  hinders  the  met4imorpho8is  of  both  fat  and  aUa- 
minate  tissues.  The  carbo-hydrates  have  the  same  effect  when  in  excen^  iol 
appear  to  lessen  the  oxidation  of  tho  two  other  classes. 

It  is  now  generally  admitti^d  that  the  success  of  Mr  Banting's  treatmeot  d 
obesity  is  o%ving  to  two  actions :  the  increased  oxitlising  effect  on  fat,  cosw^ 
qucnt  on  the  increase  of  meat  {especially  if  exercise  be  combined),  and  ibe 
lessened  interference  with  the  oxidation  of  fat  consequent  on  the  deprivstMS 
of  the  starches. 

Health  cannot  be  maintained  on  albuminatps,  salts,  and  water  alone;  bdi 
on  the  ofher  handj  it  Cimnot  be  mainUiinid  without  them* 

The  salts  and  water  are  as  essential  as  the  nitrogenous  substances.  Lau^ 
chiefly  in  the  form  of  phosphate,  is  absent  from  no  tissue  ;  and  there  is  reafoB 
to  think  no  cell  growth  can  go  on  without  it ;  certainly  in  enlai^ing  morbii 
growths  and  in  rapidly  growing  cells  it  is  in  large  amount 

When  pho8i>hate  of  Cidcium  was  excluded  from  the  diet,,  the  bones  of  tt 
adult  goat  were  not  foumi  by  H,  Weiske  t<3  bo  poorer  in  iime,§  because  pro- 
bably lime  wtis  drawn  from  other  parts ;  but  the  goat  became  we^ik  and  dull, 
so  that  nutrition  was  inicrfeiH^d  witL  The  lowest  foims  of  life  (Bacteria  aifel 
!Fungi)  will  not  grow  without  earthy  phu4*phatea. 

Magnesia  is  probaldy  also  an  essential  constituent  of  growth  in  some  tisBiiM 
Potash  and  soila,  in  the  forms  of  phosphates  and  chlorides,  are  equally  im- 
portant,  and  woidd  seem  to  be  especially  concerned  in  the  molecular  currents; 
foinjing  p>arts  of  almost  all  tissues,  they  are  Ictts  fixed,  so  to  s])eak,  than  th* 
magnesian  and  Mme  salts.     It  is  also  now  certain,  that  the  two  alkalies  do 


♦  In  adilition  to  pliysiologiral  evidenris  from  expert mentti  on  animals,  there  are  certin 
foiTDft  of  diabetes  which  Het'tn  to  prove  that  etigor  must  be  formed  either  from  albumltiAt^  «t 
fat,  moat  prohabJy  the  former. 

t  Archiv.  fklr  ges.  Phys.  bfiud  v.  p.  40. 

t  In  some  experiment  I  hav^  mflde  both  with  Li?big*f  esRem^  of  meat  And  RaKanlFi  dri«d 
food  with  hiTttdj  I  was  venr'  much  filrtick  with  thp  had  effect  prfniuced  on  tb«?  beAtth  of  thi 
('xperinientiitors,  and  with  the  immediate  relief  given  by  the  addition  of  butter  and  a  Uifcr 
nupply  of  8taii!h,  without  aumrmintatiun  In  the  amount  of  nitrogea, 

§  Zfita.  filr  BioL  band.  vit.  p.  17y. 


rtiaRie,  and  in  every  foml    Tlie  sulphur  and  phosphorus  of  the  tissues 
[^to  enter  especially  as  au^h  with  the  albundnat<?8. 

aalis,  especially  those  which  fomi  carlioiiates  in  the  aystem,  such  as 
tartrates,  citrates,  and  acetates,  give  the  alkalinity  to  the  system 
80'  necessary  to  the  integrity  of  the  molcKJular  currents.  The 
t  tnalnutniion,  whjch  in  it.^  highest  degree  we  e^ll  sciin^y,  appe^irH  to 
[  inevitably  on  their  absence ;  and  as  they  exist  chiefly  in  fresh  vege- 
(it  is  a  well-known  nde  of  dietetics  to  supply  these  with  great  care 
their  nutritive  power  otherwise  is  amalL  So  important  are  those 
,  that  they  might  well  be  placed  in  a  separate*  class,  although  Dr 
that  "  these  principles  are  hardly  of  sufficient  impoitanre,  in 
Atary  point  of  view,  so  ca^lIed,  for  their  consideration  under  a  distinct 
Surely,  this  is  an  under-estimate  of  their  importance,  considering  the 
ble  malnutrition  that  follows  on  their  absenco, 
ition  to  the  sulistance^  composing  the,se  four  classes,  there  are  others 
[enter  into  many  diets,  and  which  have  been  termed  '*  acceasorj^  foi>ds,^' 
writers  **  force  regulators  **  (like  the  salts).  The  various  comii- 
rhicli  give  taste  to  ffx>d,  or  excite  salivary  or  alimentary  Heen^tions, 
,  eoSaei  cocoa,  aleobol,  &c,,  furnish  the  chief  substances  of  this  clasa 
flion  has  taken  place  as  to  the  exact  action  in  nutrition  of  these 
but  little  is  definitely  known*  They  may  possibly  undergo 
action  (oxidation  or  splitting),  or,  without  doing  so,  may  enter  into 
ion  with  gland  cells  or  tissues,  an^l  modify  the  currents  or  molecular 
and  thus  be  entitled  to  the  term  of  "force  regulators,"  but  it  is 
I  at  prefient  to  assign  t^  them  their  true  action. 
I  entered  so  far  into  this  subject  chiefly  for  the  purpose  of  showing 
ir©  the  old  classification  of  aliments  to  be  correct,  and  why,  what- 
ay  be  the  future  direction  of  physiology,  it  is  not  likely  to  be  seriously 


itting  the  neceasity  of  a  certain  amount  of  each  of  the  four  classes  for 
inciuired  what  (jiiantity  of  each  class  is  necei^ 
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Siaudard  diet  *  for  a  Male  European  Adtdf,  o/a^emffe  height  (?)  ft,  G  ki  , 
b  fL  10  f«.)  ami  anerage  wehjhi  =  140  lbs,  ai\  (66  kilofpummt^)  U  lil 
Iba,  )72*7  kikMjramnies),  in  vwdtrate  worlt. 


WMt&'fne  SubitAnccft  giveo  DuU^r* 

OajiMi  Avoir. 

.™».  1 

Albuminous  sabat&at^^,  .... 

Fatty  8ub«taQt€S, 

Curbo'hvilralt?a, 

Sttlte,  .  ' 

Total  water-fn&e  tood,     »     » 

4  587 

2*«>«4 

14*257 

10&8 

130 

404 
30 

22 -see 

e« 

Assuming  the  water-free  food  to  b©  23  ounces,  and  a  man's  weigMtolii 
150  lb,  each  tt>  weight  of  the  body  receives  in  24  hours  0'15  oimc«fi» «  iij 
whole  bcxiy  receives  nearly  yj^  part  of  ita  own  weight. 

This  is  the  dry  food,  but  a  certain  amount  of  water  fbetween  50  sod  i  I 
per  cent,  usually),  is  containe*!  in  it^  and  adding  this  to  tJae  water-^w  Mk\ 
the  total  daDy  amount  of  so-called  dry  food  (exclusive  of  liquids)  babotttf  I 
oimces.  In  adilition  t-o  this,  from  50  to  80  ounces  of  wat^r  are  taken  in  i 
liquid  form,  nmking  a  total  supply  of  water  of  70  to  90  ounces,  or  a 
avt-mge  0*5  ouncea  for  each  fti  weight  of  body. 

This  avenige  amount  of  food  and  water  vanes  considerably^  Irom  klitU- 
lowing  causes  [■ — 

1,  IntUvidua!  conditions  of  size,  vigour,  activity  of  circulation,  and  oiAi 
eliminating  organs,  &c.  No  men  eat  exactly  the  eame,  and  no  single stinM 
will  meet  all  cases.*  The  usual  average  range  in  dilferent  male  adoltn  if  fai 
34  to  46  ounces  of  so-c^illed  solid  food,  and  fivim  50  to  80  ounoes  of  wittt. 

2.  Differenres  of  exertion.  If  men  are  undergoing  great  exertion  tlit 
take  more  food,  and,  if  they  can  obtain  it,  the  increase  is  especially  m  ik 
clajssea  of  aJhuminates  and  fat 


*  I  bave  copied  this  table  from  MolescliotL  The  numbeni  are  genenUIy  reeetTc4t  oA  I 
fairlv  wccotdnut  with  the  observxiiionj*  of  mimerous  other  wntera.  Petteoikofef  mad  Veil  tf 
the  loBowjug  {Zeiis.  fUr  Biol.  b«iiil  ii.  p,  523)  aa  the  calculation  for  ioldiera  ; — 


Dry  album iuoii«  suliHtaucHfS, 
Fat,  ....  . 
Carbo  hydrates. 


14^  grammes  —  5'23oiiMei 
S78       „         -  13  3        « 


Tlilft  ffives  rather  more  albuminates  and  fat  and  1^«8  stareli  than  Molaschott's  table.    b1^  | 
expeitmenta  with  two  healthy  men  in  their  exi'<;riiiieatril-room,  the  amotuit  wa*,  albml] 
13/ grainiiies  ;  M,  117  gramitiea;  and  carho-hydrat*'H,  352  ifrainnjB*  daily,     luijik«v  ^ 
gives  rather  lower  numbers— vis.,  100  grammcH  of  fllbuminatea,  100  of  fat,  ajid  ^10  of  i 
<Phy».  deit  Mem.  1868  p.  158),  for  moderate  work. 

f  TliiR  ha.H  been  well  exemplified  in  our  convict  prisons,  in  which,  as  a  matter  of  oonwi 
iildiera  are  »onietime»  confined.  The  onii nary  diet,  which  i*  intfictent  for  the  canTkl,  *»  I 
itufficient  for  the  soldier,  and  that  for  cwveral  reasona :  1.  The  convict  is  a  smaUcr  nut*  | 
the  average;  2.  The  prvvlous  life  of  the  oonvdct  ie  an  irregular  one,  in  which  lui  kni^ 
generally  inHutficfentf  whereas  the  soldler'a  life  ii  usually  the  opposite,  hia  food  is  Cairly  |p[  I 
and  his  meals  regular,  3.  The  crimes  for  wtxioh  the  convict  ia  impTiaooed  &re  criiDcs  t^^  1 
society,  &Jid  \m  renjoval  to  a  prison  cannot  be  oonHidered  much  of  a  de^radatioti  laani^J 
whereas  hi§  phyBJc^l  condition  ik  really  improved.  On  the  other  hand  the  •olduer'a  isiaail 
often  one  of  a  mdttary  character  only,  hence  his  removal  to  a  prison  it  m  moral  de| 
especially  if  it  be  a  convict  prison.  The  result  is,  that,  whilst  the  tnaJorrtT  of  .  ,.^__.- 
priftoners  retain  their  weight  or  even  ffain,  the  majority  of  soldier  prisotiera  lose,  ft  la  ■Jiofti^l 
that  Ojge  haa  an  eflVct,  the  older  men  losing,  the  younger  generally  jo^ajniiig.  Length  of  •  '  ~ 
inis  also  tm  influence,  partly  on  account  of  some  ififference  of  diet  and  work,  bat  i 
tdiiefly  on  account  of  the  system  ultimately  acoomniodadng  itself  to  the  altered  oo 
Thus  the  men  who  lose  weight  are,  the  heavie^it  originally,  tiie  oldeat,  tboae  with  i 
Keut^'uceH  ;  those  who  are  stationary  or  gain  weight  are,  tiie  lightest  originally,  the  ; 
thcj-t«  with  longest  sentences.  For  the  data,  from  whitli  the  above  ^x»nclu  *'^  " 
1  am  indibted  to  Surgeunmajor  J.  Q.  Maraton,  M.D,    \k\  bL  U./ 
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A^tage  Daily  WtU&'*fre€  Diet  required /or  an  adult  Man  in  mry  labartQUs 
If  VrAr,*  or  of  a  Soldier  on  Str^ice  and  in  tfis  Field, 

Oonces  tTOlr. 

AlbQxninatefl, G  to      7 

Fats, 3*5  to      4-5 

C^rbo-hydratea,  ,  .  16  to  18 

SalH  ......  1-2  to      1-5 

Total  water-free  food,  .         .       26*7    to    31  0 

The  iKOiint  of  water  ia  increaacMl,  but  is  very  various  acconiing  to  ciircum- 
HtaiMipg,  and  ii  not  so  much  augmented  apparejitlj  as  the  solid  food.  (.In 
tbi*  crtlier  hold,  men  in  rest  wiU  ufiiiallj  eat  less ;  at  any  rate,  the  weight  aud 
lieallh  of  Hue  body  can  be  maintained  on  leas. 

Th€  Average  Daily  Diet  of  Men  in  Quietude* 


Albtmunates, 

Fato, 

Carbo-hydratefc*, 

Salta^ 

Total  water-free  food, 


2-5 
1 
12 
•5 

16-0 


Subcl«t«nce  diet  (TnAffftiDf 
i^^  JUdOdeot  for  the  tnier- 
nai  mechAJiical  work  oi  ihv 
body. 


12 


15-0 


The  sabmtenoe  diet,  thouc;li  it  will  keep  a  man  alive,  will  probably  not 
piviVBt  litiB  irom  loeing  weight,  and  therefore  m  not  really  sufficient 

1m  ooimct  prifliDiis,  Dr  Wilson  t-eUs  us  that  the  men  on  light  lalnifur  receive 
ttl  pVM  of  nitrogen  and  4651  grains  of  carbon^  and  this  is  sufhcient. 
Tkiom  CHI  haud  labour  receive  255  j^rains  of  nitrogen  and  5289  ^n-aiiis  of 
^mrhom,  end  cm  this  diet  they  loee  wei>^'ht,  and  Live  to  he  eontinuouHly  shifted 
It'Ofm  kfliify  lo  lighter  work.  In  the  caae  of  military  prisoners  at  hard  labour 
«irefi  S8f  grains  of  nitrogen  and  5373  grains  of  carbon  were  InauHicient  to 
pr&veni  locn  losing  weight  J  In  India  on  improved  iliet  was  intrmluced  by 
the  late  Suigeon-Oenend  Beatson,  in  which  the  nitrogen  was  about  300  grains 
md  tlie  lairboii  about  5300*  This  appears  to  have  been  sufficient  to  prevent 
lam  <ii  wesf^t^  although  there  was  a  deficieacy  of  fat 

3.  I>i0erenoe6  of  climate.  It  is  a  matter  of  general  belief  that  more 
fomi  it  taken  in  cold  seasons  and  in  cold  couptriea  than  in  hot  It  i^i  sup^ 
.  tlifll  more  energy  in  some  form  (tinalty  in  that  of  heat)  is  necessaiy, 
food  ia  iidqmjred  :  but  there  may  Ije  other  causes,  such  as  varying 

In  the  caae  of  any  diet  the  articles  of  which  are  known,  the  amounts  of  the 
irifir  daeers  of  aliment^iry  principles  may  be  calculated  from  a  table  of  mean 
The  following  table  is  compiled  from,  ia  most  cases,  several 


^rtm 


*  PkjrWr  «i«»  ltM^di«t  of  m  ygiat'tghUT  in  trainfag  as  9*8  oau  altmndiiAtM*  81  fnU,  and 
S'ST  aton  mod  aiifr     tlwre  w«r«  690  gniiii  of  nitrogieii,  •ad  4S66  mlut  of  carlmu. 

"  •*■    -^ — ^^«itm9  onotm  of  albominates  U  th»l  fixed  by  Pltymi  (Food  or  Mrni  in  nsl«- 

I  Work)  ■■  ftinii»tiizig  by  oalcolation  the  «m(miit  of  force  NiiiTifieni  to  c&rry  oa 

■I  wmA  of  tils  body.     A^ltbough  our  riews  are  now  somewhat  ntiMlifieil  on  tluH  {)oit»u 

Ifci  luabtrn  OTpraia  pretty  Aocurately  Uieaetval  food  vthlch  will  keep  a  auin  ali^e, 

have  boea  ioiroduoed,  but  hardly  for  the  better,  it  b  to  be  fuwwtl. 
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analyses  by  different  authors,  those  analyses  being  selected  wblch 
to  represent  the  food  of  the  8ol*lier»* 

Whenever  practicable,  the  nutritive  value  should  be  calcidated  on  the  law 
subetancetp  as  the  analyses  of  cooked  food  are  more  variable.  It  must  ihia 
be  seen  that  no  loss  occurs  in  cooking. 

The  mode  of  using  the  table  is  very  simple  ;  the  quantity  of  tuiccioked  wM 

or  bread  being  known,  nnd  it  being  asaumed  or  proved  that  tbero  is  no  liw  ia 

cooking,  a  rule-of-three  brings  out  at  once  the  pRppiirtions.     Thus,  the  rstkt 

allowance  of  meat  for  soldiers  being  12  oz.,  2  "4  oz.  or  20  per  cent,  is  dediKtei 

for  bone,  as  the  soldier  does  not  get  the  l^est  parts.     The  quantity  of  mHA 

75x9-6 
in  the  remaining  9-6  ounces  will  be      |^..     =  7'2,  and  the  water-tee  tolidf 

will  be  2*4  ounces.     The  albuminates  will  be  144  ounce;  the  fatfl,  '8064; 
and  the  siilLs,  '1536  ounce. 

In  the  case  of  salt  beef  or  pork,  it  is  not  certain  how  the  value  sbodil 
be   calcidated.     The  analysis  by  Girardin  f   gives  for  uncooked 
(American)^ 

49'11  per  cent  of  water, 
24'82      „         fibrin  and  cellular  tissue, 
3*28       „         extractive  matters^ 

•70       „  albumen, 

'18       ,,         fat, 
21-07       „  soluble  salts ; 

but  the  analysis  of  the  brine  shows  that  much  of  the  nutritions 
organic  and  mineral  {phosphoric  acid,  lactic  aciti,  magnesia),  have  fiaastrd  mi 
of  the  meat.  I  Liebig  htm  reckoned  the  nutritive  loss  at  one-thinJ,  or  cTrt 
one-hall  It  appears  from  Kiihne's  observations,  that  myosin  Ls  soltibLr  m  t 
10  per  cent  solution  of  cldoride  of  sodium,  and  hence  a  large  qiuiatxty  d 
this  substance  nece^tsarilj  passes  into  the  brine.  Analyses  show,  it  is  tnus  t 
large  percentage  of  tibrin  and  cellular  tissue,  in  sidt  meat,  but  this  is  m^ 
up  of  imligefltible  nitn>genous  substances,  which  aftbni,  probably,  litll*  ml 
nutritive  mateiiaL  Perhaps  salt  beef  may  be  reckoned  as  equal  le  t«<K 
thirds  the  quantity  of  fresh  beef ;  this  estimate  is  certainly  qmle 
enough,  § 


*  Of  couFM  such  Ublea  are  merelj  ftppitixinifttiv« ;  but  they  are  very  uaef^t  ^_ 
j^neral  idBa  of  a  diut,  altliougli  tLey  arc  not  accunite  e]aoi.ij$h  to  be  used  m  ^f 
inquiries. 

f  CompteA  Eendiiis^  ulL  766. 
.     X  Li«lilg  toand  that  the  britio  \n  saturated  vdih  the  juioe  of  meat,  and  Mr  Whitefsw  (€ 
JVtfHv,  March  1864)  has  ahown^  that  extract  of  meat  may  he  ohtJun«d  by  dia.ly«ia  frtualb*! 

5  In  the  accompany iiig  table  several  articl«s  have  l>een  added  which  lire  Ukely  to  oaaatll 
the  dkt  of  soldiers  or  sailors^  either  on  duty  or  in  hoKpitat,  such  aa  salt  beef  «■■!  poriL  1 
white  fitfh,  fjoultryt  <?reaii),  Hkimmfd.  niiJk,  and  pemniicjui. 

Tbe  Cooked  Meat  given  in  the  table  may  he  taken  a»  fairly  representing  tbie  loldiflii^  ( 
meat,  not  cunnting  bone. 

Among  tbe  irtidea  not  included  in  the  table  are  some  of  the  preserved  me«t»  n. , 

duced,  particularly  the  Vompri'.Hjfcd  Corned  Beef,  preparwl  by  the  Wilson  Packing  OooiyL 
f 'hicago, — which  la  likely  to  be  Bsed  as  a  field  ration  for  ottr  array,  both  dnriitir  var  i_ 
manceuvrcji  in  time  of  peace.  It  ia  excellent  meat,  very  |>a1atJ»ble  and  highly  uutritttiu^  I 
ready  ocroked  and  in  a  vury  convenient  form  for  carriage  on  tbe  march.  It  ia  atated  to  l«« 
to  more  than  double  the  quantity  of  uncooked  meat,  and  thiii  it  fully  bom  out  hf  an 
a»  it  contains  about  60  per  cent,  of  solid  ruatten  of  whi^li  about  40  ane  alhiuiiliyitM^  1 
and  3  salts ;— the  nitrogen  ia  uvar  6  per  cent.  Half  a  }>riund  would  fonn  an  ample 
the  field,  with  the  due  prDportiott  of  bread  or  hinviut,  kc.  An  it  Is  merely  <omctf, 
Mittd  like  ordinal?  salt  meat,  it  ia  probable  that  tU  coriittitue&U  may  be  ftUowed 
li^ttntlvtt  value* 
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TaHefar  Calculating  DieU 

In  100  PAsn. 

leteiL 

Water. 

Albnmi- 
uitet. 

Fata 

Carbo- 
hydrates. 

Sdta. 

ity,  with  UtOe  fat, 

74-4 

20-5 

3-5 

1-6 

;be  kind  supplied  to 

.nd  mutton.     Bone 
rtheaoldier'saUow-r 

76 

15 

8-4 

1-6 

>f  'fattened   cattle!  ) 

Lawea' and  Gilbert's  r 
liese  numbers  are  to 

63 

14 

19 

... 

3-7 

at  is  Tery  fat, 

t,  no  drippinff  being  ) 
ssumed  to  oe  the 

54 

27-6 

15*45 

... 

2-95 

•        •       •        • 

),          ... 

49*1 

29-6 

0-2 

211 

i),          ... 

44-1 

261 

7  0 

... 

22-8 

),  . 

89-0 

9-8 

48-9 

t— 

2-3 

Bby),      .         .         . 

16-0 

8-8 

73-3 

2-9 

►y),      •.     . 

78-0 

181 

2-9 

... 

10 

740 

21-0 

3-8 

... 

1-2 

leaten,    of   avenge 
ge  quality,     . 

40 

8 

1-5 

49-2 

1-3 

15 

11 

2 

70-3 

1-7 

•        •        •        • 

8 

15-6 

1-3 

73-4 

1-7 

.... 

10 

5 

•8 

83-2 

0-5 

h^                ... 

15 

12-6 

5-6 

68-0 

8 

•             •             »             . 

18-6 

10 

6-7 

64-6§ 

1-4 

•             •            .             • 

15 

22 

2 

53§ 

2-4 

•             .             .             • 

74 

1-5 

•1 

28-4 

1 

ixcluded),0     . 

85 

•6 

•25 

8-4 

•7 

•        •        •        * 

91 

•2 

•5 

5-8 

•7 

6 

•3 

91 

varlablp. 
taken  M  2-7 

lust  be  deducted  for 
eight  of  the  egg),  .  i 

78-5 

13-5 

11-6 

... 

1 

•        •        .        • 

86-8 

83-5 

24-8 

... 

5-4 

and  over),1[ 

867 

4 

3-7 

5 

•6 

),  . 

90 

3 

2-5 

3-9 

•6 

66 

2-7 

26-7 

2-8 

1-8 

.thiby),*    !    ; 

88 

40 

1-8 

5-4 

0-8 

8 

... 

965 

•5 

umont)** 

7-2 

35-4 

66*2 

••• 

1-8 

ount  of  the  mineral  matters  of  the  various  articles  can  be 

e  meat  is  leekoned  with  the  albuminates :  it  la  not  certain  what  deduction 
ount  of  its  lower  nntriUTe  value,  which  is  about  ^th  that  of  albumen 

e  taken  from  John  Ranke's  analysis. 

L  the  nitrogen  in  good  Scotch  oatmeal,  and  the  results  are  almost  identi- 
:  have  therefore  omitted  Von  Bibra'd  analysis  given  in  the  3d  edition. 
» ind^jestiUe  oellnlose  in  maise,  i)eas,  and  carrots,  which  is  not  included 

(Report  of  Oommittee  on  Scurvy,  1877,  p.  zlv.  et  seq.)  gives  rather  different 
slhnndnates  a  good  deal  higher. 
B  probably  rather  high. 

can  used  in  the  Arctic  Ezi)editioD  of  1875-6  was  similar  to  the  above 
m  used  in  the  same  Bzpedition)  with  the  addition  of  ahout  5  per  cent. 
MT  cases,  particttlarly  m  the  Anierican  pemmicau,  raisins  and  currants 
Oft  of  Oommittee  on  Scurvy  for  analyses  by  Professor  Frankland  and 
A  Uttla  pflpp^r  is  added,  not  reckoned  quantitatively  in  the  above 

rtnuMfS  m  the  "  loiis'*  ^•^  the  difference  between  the  sum  of  the 
100. 
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calculated  when  necessary,  from  the  analysis  gLreat  under  the  head  dd 
article. 

The  proportion  of  the  nitrogenous  substances  to  the  fats  and  caibo^ydal 
are  in  the  standard  diet  as  f dlows : — 

Albuminates,  ...         1 

Fat, -Sneady. 

Carbo-hydrates,         ...         3 
This  is  as  1  of  nitrogenous  to  8'6  of  non-nitarogenoos ;  but  as  is  often  dr 
if  1  part  of  fat  be  reckoned  as  equal  to  2*4  parts  of  stazch,  the  proper 
will  be  1  of  dry  nitrogenous  to  (-6  x  2-4)  +  3),  4^  nearly  of  dry  bom 
genous  or  carboniferous  substances,  taken  as  starch. 

Amount  of  Nitrogen  and  Carbon. — As  the  phenomena  of  nutrition 
chiefly  owing  to  the  various  chemical  interchanges  of  nitrogen  aid  cv 
and  in  some  cases  of  hydrogen,  with  oxygen,  it  may  be  denied  to  ttb 
the  amount  of  nitrogen  and  carbon  in  any  diet    This  may  be  done  in  twoi 

1.  Calculate  out  the  dry  albuminates,  fat,  and  carbo-hydiates  in  <n 
and  then  use  the  following  table. 

Nitrogen  md  Carbon  in  graina.  Nitrogen.  Ob^ib. 

1  oimce  of  water-free  albuminate,  69  233* 

1  ounce  of  water-free  fat,         345'6 

1  ounce  of  water-free  carbo-hydmte  (except  lactin),       194*2t 

If  the  diet  be  largely  of  milk,  the  amount  of  lacidn  (milk  caibo^r 
must  be  determined ;  1  oimce  of  lactin  contains  175  gniina  of  cnbon. 

2.  In  the  following  table,  the  calculation  of  these  ingredients  pa 
has  been  made ;  the  substance  being  supposed  to  be  in  its  Datunl  ifa 
to  have  the  composition  already  assigned  to  it  in  the  former  table. 


One  ounce  (: 

:r  487-6  grains)  contains  in  Ita  Mta 

SubtUnee. 

ingrains. 

Water.       1 

Nltroiten.     |       Carbon. 

Uncooked  meat  (beeOf 

328 

10-36 

64 

Uncooked  fat  meat  (beef),    . 

275-6 

9-6 

98-8 

Cooked  meat, 

236 

19 

1177 

Salt  beef,     . 

215 

20-4 

69-7 

„    pork,    . 

192 

18-0 

85-0 

Fat  pork,     . 

170 

6-8 

192-0 

Dried  Bacon, 

65-6 

6  1 

278-8 

AVhite  fisli, 

341 

11-5 

62-4 

Poultry,       . 

824 

14-5 

62  0 

Bread, 

175 

5-5 

119 

Wheat  flour, 

65-6 

7-6 

169 

Biscuit, 

85 

22-7 

188 

Rice,  . 

48-7 

8-5 

176 

Oatmeal, 

65-6 

8-7 

172 

Maize, 

59 

7 

176 

Ptjas,  . 

65-6 

15 

161 

Potatoes,     . 

824 

1 

49           ! 

Carrots, 

898 

•4 

18          1 

Butter. 

26 

•2 

815 

EKg,    .         . 

821 

9-8 

71-5 

Cheese, 

161 

88 

162 

Milk,  . 

880 

2-76 

80-8 

Cream, 

289 

1-9 

93-5 

Skimmed  Milk, 

885 

2-8 

25-0 

i  Sugar, 

18 

..  t 

187 

;  Pemmican,           .... 

81 

24-3 

278-5 

*  After  deducting  the  carbon  of  urea,  the  number  is  203. 

t  These  numbers  ore  thus  obtained  :  the  various  dry  albuminates  contain  fkom  15 
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fions  must  be  ina*l<3  to  thia  table.     I  found  the  stenk  usixl  for 

at  Netley  to  contain  as  mueli  aa  14 "22  graina  of  nitrogen  per 

and  thid  number  elioiild  be  itaed  for  the  be^t  hospital  Bleaks  aiid 

HoBpital  bread  oontains  only  3*6  grains  uf  nitrogen  in  each  ounce  of 

and  4  "78  in  each  ounce  of  cnistf 

itandard  daily  diet  for  an  adult  man,  calculatod  in  this  way,  givea^ 


Xitrogen, 

Cartion, 
Salts,  . 


316*5  grains, 
4862 
461 


jwquently  the  standard  in  stated  as  20  grammes  of  nitrogen,  and  300 
10  of  mrbon ;  this  is  et^ual  to  308*6  and  4629  gniina 

range  is  from  250  to  350  grains  of  nitrogen  for  atlidt  men,  and 
^ranga  is  from  2  tc>  7  ounces  of  dry  albuminate,  or  from  138  grains 
TOO  (which  is  the  smalleat  amount  neceaeary  for  the  inner  movenitnta 
body,  and  the  bare  maintenance  of  life,  aa  calculated  by  riuyfair), 
W  500  grains,  wliich  is  the  amount  taken  und<^r  very  great  exertion. 
Smith's  careful  ubHcrviitioiis  on  ill  fed  and  fairly  ftstl  operativeB,  give 
of  from  135  grains  of  nitrogen  and  3271  graim  of  carbon  (in  I^ndon 
romen)  to  349  grains  of  nitrogen  and  6195  grains  of  carbon  (in  Irish 
bourers).  Usually,  however,  in  what  are  alraost  starvation  diets,  the 
a  is  180  to  200  grains,  and  the  carlxjn  from  3900  to  4300  grains 
d  Smith's  investigations  into  the  food  in  Lancashire  during  the  cotton 
I.  Tha  ftarhon  ranges  in  various  diets,,  from  3600  to  5800  or  6000 
Tha  amount  of  the  salts  (461)  appears  rather  large  ;  it  ia  difficult  ti> 
^Bdetormining  the  salts  in  the  excreta,  as  so  much  sodium  chloride 

of  DitTr>^n.  T  hmve  a«leoted  15.8  for  tbe  range  for  Enrnp^au  diet,  jl8  it  repre^nts  tbe 
of  «■  here  is  alio  53'6  jxt  cent,  of  carbou  ;  fttt  contains  79  per  cent.,  etarch 

r  14  !i  40  per  cent,  of  earh>oii.     1  hnve  not  taken  into  actount  any  hydrogen 

of  IL„. .  .„..„^  vrnivr  with  the  orygen  of  the  fond.  If  thin  he  c*lcuiated  fi-om  tha 
I  giT»  a  mean  of  nbout  48  eraius  per  ounce^  in  the  albimmiitet  about  8-6  ;  fUbmainatea 
im  about  8  min»  of  Httlpliar. 

I  dlacosf ton  haa  lately  taken  place  i^-ith  regnnl  to  the  amount  of  nitrogen  in  meat  nearly 
i^l.  Voit  hai  Biated  the  mean  amouDt  at  34  j>er  cent.  Huppert  (ZBits*ch,  fur  Bio* 
ad  viL  p.  S54)  aitimateH  it  at  3-3,  Feteraeu  (Ibid.  p.  163)  niakea  the  mean  numbers 
c«nL  in  ^t-free  bet»f ;  8  25  in  pork  ;  815  in  nnitton;  348  in  veal ;  and  34  in  boTM. 
oak  (fat-free  nearly)  I  found  it  t<j  h^  3-25.     Huppert's  nuraliers  seem  to  be  nearest  Uw 

baan  ctatad  by  Toldt  and  Nowak  that  combui^tion  with  aodn  linjB  does  not  give 
ttitigeii  in  meat,  iind  that  Dumiw'  oxide  of  coprwr  analysis  must  f>e  used.  But  Petersen'ii 
Kali  (ZeitRch.  fur  Biohigie,  Wnd  vii.  p.  IM)  do  not  confirm  tbia  ;  and  the  reaulta  of  the 
boda  vere  6xtremuly  closta,  as  the  following  exi^arlmenta  show :— 


Per  oetit.  of  NUrofoa 

BfMlarllaM  ttoraJuff. 

Oxide  of  Gofiper. 

335 
S-24 

8-30 
3-24 

341 

8-29 

3-85 
8-80 

t  found  the  oxide  of  copper  ffnve  slightly  too  high  results  ("2  to  *5  per  cent.), 
i  iboiild  be  atill  Lesa.  In  some  later  experimentfl,  publiahed  by  Scegen  and  Nowak 
rUrdieffeB.  Phys.  band  vii.  it.  284),  they  tnund  that  the  so^la-limo  iilway*  gave  too 
rogen,  toe  error  (aa  compftrecl  with  tlie  copper  oxide)  beinc  &a  &  mean  about  1*5  |>er 
larek^PT  (Archiv  ftir  die  j^es.  Pbys.  band  viii.  p.  11»5,  1873)  haa  aince  given  evidence 
to  thew  T€«nlt«,  and  couaidera  the  i*o<ia-lime  determination  aa  much  nearer  the  truth 
^fcn  and  Nowak  aasert 

veoent  aaalyMA  give  considerably  higher  amouBta.     See  Reports  on  Hygiene,  Ann ^ 
^inL  jnriii.    (F,  do  a> 
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and  liine  salts  are  lost  througb  the  skin,  and  aome  of  the  excreted  salla  ^H 
ako  be  mere  surplusage.  The  aalts  seem  to  be  made  up  of  ohlorinfi,  I^M 
grains ;  pboapboric  acid,  50  gmma  ;  pot-ash,  40  ;  sodji,  40  ;  lime,  about  4  nH 
by  the  urine,*  and  st»nie  by  the  bowels;  magnesia,  4 '7  grains  by  the  lUJ^I 
and  a  con^iilerable  amount  by  the  bowels ;  and  iron,  the  amount  of  which  if 
qiiik'  iincertaiiL 

Actual  experiment  has,  to  a  great  extent,  confirmed  the  conclusion*  dii^| 
from  a  sttuly  of  tliese  dietaries.     Pettenkofer  and  Yoit,  in  two  healthy  1V^| 
deterniineil  many  times  the  amoinit  of  nitrogen  d^irin^^  cornnion  exerciMv  ^H 
found  it  to  be  19 '82  gramnies,  or  305  8  grains,     1  have  experimenl^Ml  onfi^P 
healthy  average  men  in  common  work,  and  found  the  amount  which  kef* 
them  m  p^jrfect  health  and  uniform  weight  was  293  to  305  grains  of  nittii^ 
in  twenty-four  hours.     All  these  detenu biat ions  iire  near  Moleschott's  nombeni 
Tlie  amount  of  carbon  is,  however^  perhajjs  too  large.    In  liauke's  carelol  crpefv 
mcntft  in  a  state  of  rt^st,  there  were  consumed  liy  a  man  160-6  fb  weight,  240 
grains  of  nitrogen,  an<l  3531  grains  of  carbon ;  as  a  rule,  the  later  experiiUGni* 
show  that  the  amount  of  carWm  was  put  too  high.     A  certain  prppoiino 
between  the  carb<m  and  nitrogen  ought  to  be  maintained ;  in  the  beiil 
this  is:  Nitrogen  1  to  carlxin  IS.f 

Sttb-Section  IL — ^On  the  EifEROT  Obtaixable  from  thb  TARlurs 
Articles  of  Food, 

The  possible  amount  of  en3rgy  which  can  be  manifested  in  the  body 
be  the  result  of  two  conditions ;  first,  the  amount  of  potential  energj 
up  in  the  fooil,  which  is,  of  course,  eiisily  determined  and  expn^ssed  in 
of  units  of  heat  or  of  motion  ;  and  second,  the  extent  to  whidi  lb* 
pr<:»cesse8  in  the  budy  can  liberate  and  apply  this  energy.  For  example^  an 
ounce  of  albumen  can  give  rise  to  a  certain  hfiating  eflect  if  it  be  bunil  in 
oxygen  ;  but  in  the  body  thorough  oxidation  C4in  never  occur,  for  some  (aliOQt 
one-tbiril)  of  the  constituents  of  the  albumen  fiassout  incompletely  oxidised  ill 
the  fiirm  of  lurea.  An  ounce  of  sugar,  on  the  other  hand,  is  as  a  genetil  ink 
destroyed  iu  tlie  fullest  extent,  and  ends  in  carlxinic  acid  and  water,  and  il* 
actual  energj'  in  the  body,  under  whatever  form  it  appears,  ia  equal  to  it» 
tlieoretical  energy. 

Tables  have  been  given  by  chemists  sh owing  the  amount  of  energy  which 
may  be  manifested.  The  results  have  been  obtiiined  in  some  cases  by  calcOr 
lation,  and  in  others  by  direct  experiment  In  the  following  table  I  hftft 
selected  Dr  Fnmkland's  experimental  results  as  the  moat  exact,  but  they  agni 
very  closely  with  the  theoretical  results^  particularly  wiUi  tboee  givw 
by  PlayfairJ  and  others.  Thus  Play  fair  calculated  that  one  ounisti  of  diy 
albumen  would  give  rise  by  oxidation  to  heat  sufficient  to  nuse  IMi 
kilognimLUics  of  watar  1°  cent,  or  to  lift  173  tons  I  foot  high,§  widll 
Frankland's  experimental  number  ia  almost  identical — viz.,  168*68  tona» 
a  foot 

*  I  have  followed  Byassoa  in  thb  and  \n  the  ntnount  of  magnetfU  in  the  arine,  as  bii  exfi 
appoftr  carefully  diimQ.—L' Actinti  Cfrebrale  ei  laVompogitw^/i  ik^  Uriw*,  par  lo  Dr  H.  6t 
Pari^  18C8,  p.  «.  r«  ^ 

t  Th©  Sold|er'»  Ratioa,  by  F.  de  annijuotit,  Sanitary  Recorf,  Feb.  5>  1876. 

*  On  the  Food  of  Man  in  relntion  to  bis  useful  Work.     1865. 
i  For  an  t'xplaimtion  of  this  term,  see  the  chapter  oa  EXEBCISB. 
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f  developed  %  Om  Gramme  or  One  Ounce  ofthe/dUwmg  Substances              ^| 

when  oxidised  in  the  Body : — 

^1 

One  otiuoe  wtU  equal 

^H 

^smeoffltatwUace. 

Per  cent  of 
Watur, 

°".s=irSH.SS- 

H 

ttuorgy. 

number  or  tona  I  foot 

I 

lean). 

70 '6 

eoi 

65 

U?au), 

70-9 

496 

45  S 

^^H 

llts&Ut  boLlec 

I), 

5i'i 

711 

e41» 

^^H 

.It  betf. 

49*1 

G69 

5S 

^^H 

*     jKirk, 

44-1 

751 

69 

^^H 

it  pork, 

39  0 

2200 

201 

'^^H 

ried  li»icoii» 

15  0 

8195 

291 

^^H 

Lite  flah. 

78*0 

470 

IS 

^^1 

ultry,   . 

74*0 

556 

51 

^^1 

d  cntmbyf    . 

44 

910 

88 

^^1 

r. 

'"' 

lfl27 

148*5 

i^^l 

nd  liee. 

1591 

145  S 

^^H 

md,     . 

♦»* 

ims 

162 

^^H 

meaL,    . 

1598  • 

146 

^^H 

loeB,     . 

73* 

422 

S8'6 

^^H 

0^ 

86 

220 

20 

^^H 

luge,     . 

88-5 

178 

16-2 

^^H 

;«r. 

8<177 

280*9 

^^H 

(white  of)» 

mz 

244 

22-3 

^^H 

(j»*Ut), 

47 

1400 

127 

'^^H 

ftlure  cheese, 

24 

1840 

168*6 

^^H 

tr\ 

87* 

1657 
266 

161 '3 
US 

H 

w»m,     . 

66*0 

1045 

96 

^^1 

irurned  luHk 

88*0 

21  ;i 

19-6 

^^H 

F  t^'.A^p), 

1418 

129-5 

^^M 

HiniraD, 

713 

Snoo 

275 

^^H 

Bofti*  boUledK 

88-4 

328 

30 

^^^H 

r<GiuiU)e«i('Stout)« 

83  4 

455 

41-6 

H 

llile  of  this  kind  is  imeM  in  showing  what  ran  he  ohtained  from  om 

^^1 

mi  it  muat  not  he  supposed  that  the  value  of  food  ia  in  exact  relation             ^^H 

|»0fl8ible  energy  which  it  can  furnish.     In  order  that  the  energy  ehall  he             ^^M 

ned,  the  fiXHl  must  not  only  he  digested  and  taken  into  the  body  pro-             ^^M 

pix^pared,  but  its  energj"  must  1m>  develriped  at  the  idace  and  in  the             ^H 

ler  pirojier  for  nutrition.     Tht3  mem  expression  of  pot<mtial  cnerj^  y  cannot             ^^M 

Uetetic  value.,  which   may   he  dependent    on  contlitiona   in   the   body             ^^| 

Lown  to  ua.     For  example,  it  is  quite  certain,  from  obeervation,  thai 

'  ■ 

1i0  flnt  and  second  columiu  except  those  niBTked  *•,  which  are  cak:iilated  froiu  the 

■ 

■U»  taken  from  Dr  Franklatid'B  paper  im  the  Philon.  Un^.,  Sept.  IMS,  p.  19^.     The                ^^M 
^^Kt»  calculated  from  the  second,  by  multi plying  by  28*35  (the  number  of  grammes                ^^M 

■HFftvairdupois)i  and  theo  by   0032*29  to  bria^  metrekilogramiiteft  into  fuot-tons,                ^^H 

BD^oy  0-001.     The  Bubstaiiced  ans  nut  dried,  but  in  their  natural  Btate.                                            ^^H 

^nc«  of  dry  albuminate  vieldit,                            ,174      foot  tona  of  potential  energy.                   ^^| 

„      lat,           .     '    . 

378             „                       „                                 ^T^ 

,            ,y      starch*     .        .         ,         . 

135            „                       If                                        1 

.            ,,     cane-suKar,      , 

129             ,,                        n                                        1 

P            „     lactfa  or  glucose,     . 

122             „                        i> 

^idn  of  carbon  (oonverted  into  COj), 

0-701      ,.                         w 

„         hydi^^n  (water). 

8000      „                        *• 

„         sulphur  <SOs),       , 

0-205      „                       *» 

„         phosphorus  (P^Oji), 

0510      „                       *• 

*    „        carbon  (forming  uroa),  . 

0-198      „                       •• 

•  cruet  of  braad  is  very  nearly  double  the  Amount. 
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gektine  caiinot  fiilly  take  tlie  place  of  alb  amen,  though  its  potential  «IWI|y| 
little  inferior,*  and  it  is  easily  oxidist'd  in  the  body.  But  owing  to  some  m 
cnniBtances,  yet  unknown,  gelatine  is  chiefly  destroyed  in  the  hlood  (T)  m 
gland  cells,  and  its  energy,  therefore,  has  a  difFerent  direction  from  tlmt  d 
albumen*  So  also  of  the  pot^jntial  energy,  dt  is  quite  possible  that  all  ii  M 
nse fully  employed.  The  tables  of  energy  give  broad  indicationg,  and  cm  W 
ttsed  in  a  general  stiitement  of  the  value  of  a  diet ;  but  at  preaent  they  do  mi 
throw  light  on  the  intricaciea  of  nutrition* 


Sub-Skction  IIX — ^On  the  Kelativb  Yalub  of  Food  of  ths  same  Classy 

Tlie  chemical  composition  of  animal  and  vegetable  albiuninates  is  \m 
similar,  and  thoy  manifeably  serve  equal  purj^oae^  iu  the  body.  The  motf- 
eater,  and  the  man  who  lives  on  com,  or  i>eaa  and  rice,  are  equally 
nourished  But  it  has  been  supposed  that  either  the  kind  or  the  rapidity  i 
nutrition  is  different,  and  that  the  man  ^vho  feeds  on  meat,  or  the  i:amiv 
animal,  will  he  more  active,  and  more  able  to  exert  a  sudden  violent  i 
than  the  vegetarian,  or  the  herbivorous  animal,  whose  food  has  an  equal  fi- 
tential  energy,  but  wliich  is  sujiposed  to  be  less  easily  evolved.  The  eividtfMe 
in  favour  of  tliis  view  seems  to  me  very  imperfect.  The  rapid  movements  of 
the  camivom  have  been  cont mated  with  the  alow,  dull  action  of  domfistk 
cattle  J  but,  not  to  speak  of  the  horse,  whoever  has  seen  the  iightiiing  mnw- 
inents  of  the  wild  antelope  or  cow,  or  even  of  the  wild  pig,  who  is  herhi] 
in  many  cases,  can  doubt  that  vegetable  feeders  can  exert  a  moveme 
more  rajiid  ami  more  enduring  than  the  tiger  or  the  wolf  1  And  the  i 
in  men  is  the  same  :  In  India,  the  ill-fed  people,  on  rice  and  a  little 
pea,  may  indeed  sliow  less  power ;  but  take  the  well-fed  com-eater,  or 
the  well-fed  rice  and  pea-eater,  and  he  will  show,  when  in  traimng, 
no  uiftriority  to  the  meat-eaters.  An  argument  has  been  drawn  from  the 
comphcated  alimentary  canal  of  the  herbivora,  but  iirfibahly  thia  is  chieifiT  in- 
tended to  digest  the  cellulose,  and  the  iligestion  and  ahaorptiaii  of 
alhumiimtea  may  be  as  rapid  as  in  other  animals. 

It  appears  from  Dr  iJiiaumont's  exi>eriments  tkit  animal  food  is  digigtod 
sooner  than  farinaceous,  and  possibly  meat  might  therefore  replace  more 
quickly  the  wasted  nitrogenous  tissue  than  bread  or  peas  ;  and  it  may  be  tni^ 
as  asserted,  that  the  ckange  of  tissue  is  more  quick  in  mimt-e**texs,  wbo 
retpiire,  therefore,  more  frequent  supplies  of  food.  Even  this,  however,  i 
to  me  not  yet  thoroughly  proved 

It  lias  been  also  supposed  that  there  is  a  difference  in  the  nutntion  of  i 
such  ne^irly-allied  sulistancea  as  wheat  and  barley,  but  the  evidence  is  iin|Mr^ 
feet,  and  is  perhaps  dependent  on  differences  in  ease  of  digestion. 

With  respect  to  the  fats,  their  differences  of  nutrition  are  probsWf 
dependent  entirely  on  facility  of  digeetion  and  absoqjtion.  The  animal  talk 
appear  easier  of  absorjition  tlian  the  vegetable,  Berthdf  found  that  in  idkS- 
tion  to  the  fat  in  his  ordinary  diet,  he  could  absorb  30  grammeis  or  l"0if 
ounces  of  cod-liver  oil,  butter,  or  other  animal  oil ;  in  some  instancee  If 
ounces  were  ab&orhed.  Of  vegetable  oils  only  20  grammes,  or  O'T  ouncee;* 
were  abs<jrhed,  Wlien,  in  experiments  ^^ith  cod-liver  oih  40  grammes  wct« 
taken,  31-6  were  absorbed,  8*6  passed  by  the  bowels;  when  60  gnunmes  wvie 


•  Due  pntnTOe  of  dry  isiDgliisa  will  develop  4520  heat-unfta  vthen  burnt  in  oiy 
gramme  of  tliy  boiled  ham,  4343  ;  one  jframrae  of  dry  beef.  5813  beat-iiniti.     (Fnuik« 
cit.  p.  li^J    Tlie  potentml  eueiigf  of  ismgl&iut  b  more  tham  tliat  of  ham^  but  it«  ) 
power  itt  far  inferior. 
^  f  Ludwig'a  Fbya.  hmd  \i.  p.  668. 
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Baken,  48  were  absorbed  and  12  passed.  But  wlmn  he  took  60  gmmines 
BJbilji  the  amoimt  of  fat  in  tbe  fiifces  gradually  increased,  nntiJ  50  gmnniiea 
■MrpoBsed  off  in  that  way.  In  the  dog,  howerer,  Bischotf  and  Voit  found 
^^V^50  and  300  gi-ammes  (8-8  and  10 '5  ouncefl)  of  butter  were  easily 
Hrifcirbed.  Ihiring  the  digestion  of  the  fats  they  are,  probably,  in  part 
Beoompoeed  ;  and  the  fatty  acids,  like  the  acids  derived  from  the  starch,  niiist, 
to  a  certain  extent,  antagoni&e  the  introduction  of  alktdi  in  the  focML 

The  varioofl  carbo-hydratee  are  generally  supposed  to  he  of  e<pial  Yolua 
Starch  requires  a  little  more  preparation  by  the  digestive  fluide  than  grape 
sugar,  into  wkich  it  appears  first  to  pass ;  hut  the  change  is  so  rapid  that  it 
can  hardly  be  made  a  pmint  of  difference  between  them.  It  is  observable, 
however,  that  even  when  sugar  is  very  cheap  and  accessible,  it  in  not  used  to 
ontipely  replace  starch  ;  but  this,  fjerhaps,  may  be  a  matter  of  taste. 

SuB-SbCTION  IV. — ThK  BlGESTIBILlTT  OF  FoOD, 

In  order  that  food  shall  he  digested  and  absorbed,  two  conditions  are 
the  food  must  be  in  a  fit  state  tti  be  digeste*!,  anil  it  must  meet  in 
alimentary   can^J   with   tlie   clicniicrd   and    physiiml   conditions   which 
I  digest  and  ahsorb  it 

¥itnei8  for  digestibility  depentb  partly  on  the  origintd  nature  of  the  sub- 
to  hardneas  and  CLtht^Bion,  or  chumical  natio'e,  and  partly  on  the 
ner  in  which  it  can  he  altered  by  cooking.     Tables  of  degree  uf  digesti* 
y  have  been  formed  liy  several  wi-iters,  and  especially  by  I>r  Beaumont, 
direct  experiment  on  jllexis  8t  Martin ;  but  it  must  \m  remembered  that 
!  are  merely  approximative,  as  it  i^  so  dithcult  to  keep  the  conditions  of 
^king  equal  ^ 

Eioe,  tripe,  whipped  eggs,  sago,  tapioca,  barley,  boiled  milk,  raw  eggs,  lamb, 
ips,  roasted  and  baked  potatoes,  and  fricasseed  chicken,  are  the  most 
ily  digested  substances  in  the  order  here  given, — the  rice  disaj>pea ring  from 
the  stomach  in  one  hour,  and  the  fricasseed  chicken  in  2|  hours,  lieof,  {x>rk, 
mntton,  oygtcrs,  butter,  bread,  veal,  boiled  and  roaste*!  fowls,  are  rather  less 
iligestible, — roast  beef  disappearing  from  the  stomach  in  three  hours,  and  roast 
:)wl  in  four  hours.     8alt  beef  and  pork  ilisappeared  in  4  J  hours,  f 

As  a  nde,  Beaumont  foimd  animal  fcMnl  digested  sooner  than  fortnaceonfl, 
ad  in  proportion  to  it«  minuteness  of  division  and  tenderness  of  fibre. 

The  adniixture  of  the  different  classes  of  food  aids  digt^stibility  ;  thus  fat 
aken  with  meat  aids  the  <ligestion  of  the  meat ;  s<»me  of  the  accessory  foods 
■*>bftbly  incre-ase  the  outiKnir  of  saliva,  gastric  or  enteric  juice,  &c. 
The  degree  of  fineness  and  division  of  footl ;  the  ami>unt  of  solidity  anrl  of 
ituration  which  should  be  left  to  the  teeth,  in  order  that  the  fiuids  of  the 
tti^uth  and  salivary  glands  may  flow  out  in  due  pmportion ;  the  bulk  of  the 
nI  which  shoidd  be  taken  at  once,  are  points  scjemingly  slight,  but  of  real 
importance.     There  is  another  matter  which  appears  to  affect  digestibility, 
viz.,  variety  of  food. 

According  to  the  best  writers  .on  diet,  it  is  nf»t  enough  to  give  the  proxi- 
mate dietetic  substances  in  projKJr  amount.  Variety  must  be  introduced  into 
the  food,  and  different  substances;  of  the  same  class  must  he  alternately 
employed.     It  may   appear  singular  that  this  should   be   neoessary;  and 


it,  ui«i  i 
t  Ad 

isa. 


ion  of  food  by  cooking  la  so  importunt  a  matter,  that  the  art  of  cookery  ou^ltt 
I'll  A«  merely  the  doianin  of  the  poormand.     Health  is  greatly  inrttienoed  by 
a  sabject  to  be  pn^o&tly  sttidied  hy  cheniiMtii  and  physioloiariBtH. 
table  IB  given  in  Cox*i  excellent  edition  of  CoiuWs  Phyaiolo(^  of  Dif^Uo^i 
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certainly  nisTiy  ineTi,  and  most  animals,  have  perfect  health  on  %  very  mu* 
form  diut.  Yet^  tlii?rtj  appears  do  doubt  of  th©  good  effect  of  variety^  ttsdai 
action  is  probably  on  priumry  digestion.  Sameness  cloys  j  and  irith  TaaiSf, 
more  food  Ls  tjiktiii,  and  a  larjLjer  amuunt  of  nutriment  is  introduoed.  Il  ii 
impossible,  with  rations,  to  introduce  any  gi'eit  %^ariety  of  food;  but  tk 
same  object  aj^pear!^  to  be  secured  liy  having  a  variety  of  cooking.  In  tk 
case  of  children,  especially,  a  great  imfiLiivement  iu  health  takes  plaoe  whA 
variety  of  cooking  is  introduce*.! ;  and  by  this  plan  (among  oth«(n)i  Dr 
IJalfour  succeeded  in  niarvellously  improving  the  health  of  the  hoy&  in  thi 
Duk*^  of  York's  School 

The  internal  conditions  of  abundance  and  proper  conip)OsitioQ  of  tbi 
alimentary  fluids,  and  the  action  of  the  muscular  fihrt^«  in  moving  Ibd  food, 
so  that  it  shall  be  submitted  to  them,  dept^nd  on  the  perfection  of  the  i 
currents,  the  vigour  of  circulation,  and  the  coiujxiaition  of  the  blood. 
of  the  digestive  diseases  the  physician  has  tt^  treat  depend  on  alb 
these  conditions,  so  that  the  food  is  only  imperfectly  digested.  Eeoen 
perimenta,  by  P16ez,  Maly,  and  Gyergyai,  seem  to  show  the  value  of  conv 
the  albumimite^  into  peptones  by  artitieial  digestion^  eo  as  to  aid  tha 
tion  of  the  sick,* 


SECTION  III 
DISEASES  CONNECTED  WITH  FOOD. 

So   great  is  the    influence  of  food  on   he^th,    that  some    wiiteis 
r<jduced   hygiene  almost  to   a  branch  of  dietetics.     Happiness,  aa  well  » 
health,  is  considen-d  to  l>c  insured  or  imj:K?nlle'cl  by  a  good  or  impmptr  diet, 
ami  high  moral  considemtions  are  supposed  to  bo  involved  in  tiie  due  pef- 
fonnance  of  digestion.     If  there  is  some  exaggeration  in  this,  there  is  mncJij 
truth  ;  and  ilouhtleas,  of  all  the  agencies  which  afl'ect  nutrition,  this  is  tbt  1 
most  important 

The  diseases  connected  with   food   form,  probably,  the   most 
or*lor  which  proceeds  from  a  single  class  of  causes ;  and  so   impor 
they,  that  a  review  of  them  is   equivalent  to   a   discussion  on 
nutrition  generally. 

It  is  of  coiurse  impossible  to  do  more  hero  than  outline  so  large  a  topiGTI 

Disciisea  may  be  produced  by  alterations  (excess  or  deficiency)  in  ij^tmnUty; 
by  imijei'fect  conditions  of  digestibility,  and  by  special  characters  of  qimlitj. 

Bub-Seotion  L— Altekations  ix  Quantity. 

1,  Ejcmsi  of  Fmfd.—ln  some  cases,  food  is  taken  in  such  excoaa,  thai] 
not  absorbed ;  it  then  undergoes  chemiwd  rlianges  in  the  alimentary 
and  at  last  putrefies ;  quantities  of  gas  (carbonic  acid,  and  carburetteil 
sulphuretted  hydrogen)  are  formed.     As  much  as  30  lb  of  a  half-putrid 
have  been  got  rid  of  by  purgatives,  f     Dyspepsia^  constiixition,  and  initft-  j 
tion,  causing  diarrhrea,  which  does  not  always  empty  the  bowels,  are 
duced     Sometimes  some  of  the  putrid  substances  an?  absorbed^  as  thei 
signs  of  evident  poisoning  of  the  blood,  a  febrile  conilition,  torpor  and 


♦  Ueber  Peptone,  Archiv  fUr  die  Vrm.  Phya.  band  ix.  p.  32S, 

f  A  good  ca«e  of  thiM  kiad  \&  i-^corded  by  PEouth  {Fiecal  Fermentation^  p.  19).    Bome  eOQvi 
la  Austmlift  received  from  7 J  to  7i  lb  of  food  d«iily.      Olmtinate  coflstipaUoii,  djupefk^ 
di&rrb<xti,  akin  diHeiise'^,  and  opbttialmia  were  prtHiuoed.    PuTg»tl?e8  brought  uwi^  luge  ^^aa^ 
titiea  of  btilf-putrid  tiiasjsct. 
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heas^  taetor  of  the  breath,  and  sometimes  possibly  even  j.iundic«.  It  was,  no 
dimbt,  cases  of  this  kind  which  led  to  the  routine  practice  of  giving  piirgOr 
tive^  ;  and  as  this  condition,  in  a  uiuderat-e  degree,  is  not  UDconinioo^  the  uae 
of  purgatives  will  probably  never  be  ilis*jontinued. 

The  excess  of  food  may  1x5  absorbed.     The  amotmt  of  al>sorption  of  the 

difterent  alimentary  principlea  is  not  precisely  known.     Dogs  can  digest  an 

nee  quantity  of  meat,   and  especially  if  they  are  fed  often ;  and  not 

ply  largely,  once  or  twice  a-day.     In  men,  also,  much  meat  ami  albumin- 

nmtier  con  be  digested,*  though  it  is  by  no  means  unr^onmiou,  in  liirge 

t-eatere,  to  find  much  muscular  fibre  in  the  fsece^.     8till,  enough  can  be 

.ken,  not  merely  to  give  a  large  exce^ss  of  nitrogen,  but  even  to  supply 

carbrm  in  sufficient  quantity  for  the  wimha  of  the  systt^m. 

There  is  certaiidy  a  limit  to  the  digestion  of  starch  (though  sugar,  how- 
ever, is  absorbed  in  large  amount),  as  after  ^a  very  lai-ge  meal  much  starch 
passes  tmalt-ered.     This  is  also  the  case  with  fat ;  and  if  large  quant  ities  are 
iven,  mach  passes  by  the  bowels.     But  in  idl  cases,  liabifc  probuljly  much 
^ectd   the  degree   of  digestive  power ;  ami  the  contijiued  use  of  certain 
lee  of  diet  leads  to  on  increased  formation  of  the  llui<ls  which  digest 

A\Tien  exce^B  of  albuminates  continually  passes  Into  the  system,  congestions 
^_and  enlargements  of  the  liver,  and  piiihably  other  organs,  and  a  geneml  state 
^■[if  plethoia,  are  produced.  If  exercise  is  not  taken  at  the  stime  tinw^j  there  is 
^H|  dispri>portion  between  the  absorbed  oxygen  and  the  absorbed  albuminates, 
^mrhich  mnal  lead  to  imperfect  oxidation^  and  tiierefore  to  retenti^m  in  the 
^^lody  of  some  substances,  or  to  irritatioii  of  the  eliminating  organ  a  by  the 
psflsage  through  them  of  products  less  highly  eIaborat4?d  than  those  thoy  are 
I      adapted  to  remove. 

Although  not  completely  proved,  it  is  highly  probable  that  gouty  affec- 
tioibB  arise  pertly  in  this  way,  partly  pnibably  from  the  use  <if  Litjuids  which 
delay  metamoqihosis,  and  therefore  lead  tcj  the  same  result  as  mcreased 
ingestion,  and  in  some  degree  also  from  the  use  of  indigestible  articles  i>f  food. 
Very  often  large  meat-caters  are  not  gouty,  and  do  not  appear  in  any  way 
over-fetL  In  this  case  either  a  great  amount  of  exercise  hi  taken,  or,  as  is 
often  the  case  in  these  i^ersons,  the  meat  is  not  absorbed,  owing  frequently 
to  imperfect  mastication. 

A  great  excess  of  albuminates,  without  other  food»  produces,  in  a  short 
{hye    days — Hammond)    marked    febrUe    symptoms,    malaise,    and 
ha*a  ;  and  if  persevered  in,  albumen  ajtpears  in  the  urine.     lianke  has 
bated  the  depression  especially  to  the  eliect  of  the  salts  of  the  meat. 
Excess  of  starches  and  of  fats  delays  the  metamorjdiosiB  of  the  nitrogenous 
tissnea  and  produces  excess  of  fat.     Sonit^timea  iicidity  and  tiatulenco  are 
caused  by  the  use  of  much  starcL     It  L^  not  underst^xnl  if  profoiinder  diseases 
follow  the  excessive  use  of  starches  unless  decided  corf>uIence  is  produced, 
when  the  muscular  fibres  of  the  heart  and  of  many  voluntary  muscles  lessen 
in   size,  and   the   consequences  of   enfeebled    heart's   action   ai-e   produced. 
'NNTien   an  excessive  qtiantity  of  starch  is  used  to  repla<?e  albuminates,  in 
^—physiological  experiments,  the  condition  l:)ecome^  of  coui-se  a  comptlcx  one. 
^K    If  an  exceas  of  starch  be  taken  mider  any  circumstaoces,  much  passes  into 
^"the  fsisoea,  ami  the  nrine  often  becomes  saccharine. 

[  There  may  be  also  excess  of  food  in  a  given  time ;  that  is,  meals  too  fre- 
quently repeated,  though  the  absolute  quantity  in  twenty-four  houra  may  not 
be  too  great 
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2.  I}fijic(eiiq/  of  Food, — The  long  catalogue  of  eeffects  prcKiiice<i  hj  iMSsnm 
ia  but  too  well  known,  and  it  is  unnecessary  to  repeat  it  lif?r«L  Bui  ^ 
eftectfl  pnxluced  by  deficiency  in  any  one  of  the  four  grftit  claaaes  of  riiinffl^ 
the  other  clu^ses^  being  in  normal  amoimt,  have  not  yet  been  perittllf 
studied 

The  complete  deprivation  of  albuminates^  without  leeseniiig  of  the  olistf 
clasBBg,  produces  marked  oii>ct«  only  after  some  days.  In  a  fitrosng  man  krpl 
only  on  fat  and  stiirfh,  1  found  full  vigour  presenred  for  fivB  dajs  ;  in  a  suo 
in  whom  I  reduced  the  amount  of  nitrogen  one-halt  full  vigour  was  ittoild 
for  seven  days.  If  the  abetention  he  prolonged,  however,  there  w  ereoMStf 
great  loss  of  muscidar  strength,  often  menttil  debility,  some  feverifiii  iiil 
dyflpeptie  symptoms.  Then  foDow  anaemia  and  great  prostration.  The 
elimination  of  nitrogen  in  tlie  form  of  urea  greatly  leefiens,  though  it  neTer 
ceases,  while  tha  uric  acid  diminL^hes  in  a  leas  degree.  If  starch  be  largrff 
supplied,  the  weight  of  the  l>cHly  does  not  lessen  for  seven  or  eight  diji 
(Hammond). 

If  the  deprivation  of  albuminates  be  less  complete  (70  to  lOOgraJmol 
nitrogen  being  given  dally),  the  botly  gradually  leseens  in  activitr,  and  fUtH 
uit4i  mort^  or  less  of  an  adynamic  condition,  which  predisposes  to  the  attacb 
of  all  the  specific  diseases  (especially  of  malarious  affections  and  typhus),  tti 
of  pneumonia,  and  modifies  the  course  of  some  of  these  diseaseSy  sa,  f or  ifr 
stance,  of  typhoid,  which  runs  its  course  with  less  elevation  of  teiupenlOB 
than  usual,  and  wnth  less  or  with  no  excess  of  uieal  excretion. 

The  dp  privation  of  starches  can  he  borne  for  a  long  time  if  fai  be  gna^ 
but  if  both  fat  and  starch  are  excluded,  though  albuminates  be  supplied^  ill- 
ness is  piYiduceii  in  a  few  days.  Nor  ia  it  difficult  to  explain  this  :  as  albimirn 
contains  53 '5  i>er  cent,  of  ciirlKm  and  15^5  per  cent,  of  nitn:>gon,  to  supply 
3500  grains  of  carbon  no  less  than  1014  grains  of  nitrogt*n  miust  be  hmo- 
ducefl,  a  quantity  thi"ee  times  as  great  as  the  system  can  easily  anaiTnfhi^ 
unless  enormous  exertion  be  taken,  and  then  the  quantity  of  carbon  beoooMi 
insufficient. 

Men  can  be  fed  on  meat  for  a  long  time,  as  a  good  deal  of  fat  is  thtu 
intixjiluced,  and  if  the  meat  be  fresh  (and  raw?),  scurvy  is  not  neidil^ 
iniiuced. 

The  deprivation  of  fat  does  not  appear  to  be  well  borne,  oven  if  starciMft 
be  given;  but  the  exact  effects  are  not,  1  beheve^  known.  The  grwit 
remedial  eilects  produced  by  giving  fat  in  many  of  the  diseases  of  obseuit 
malnutrition,  prove  that  the  partial  deprivation  of  fat  is  btith  more  eomiD<m 
and  more  serious  than  is  supposed:*  lljc  deprivation  of  the  salts  is  aiM^ 
evidently  attended  with  marked  results  which  are  worthy  of  more  attentica 
than  they  have  yet  received. 

liad  effects  are  also  prmluced  if  the  int^^rvals  between  meals  are  too  longj 
this  is  a  m titter  in  which  there  is  great  individual  dillerence,  and  need  not  1» 
further  referred  to* 


StTB-SECnoX  II. — CoNDinONfl  OF  DlGESTIBILITTT  AND  AsSUdLATTOy. 

A  great  number  of  diseases  are  produced,  not  by  alterations  in  quantitj 
or  by  imperfections  in  quality  of  the  raw  food,  but  by  conditions  of  indigeeti^ 
bUity,  either  dei>endent  on  physical  or  chemicid  conditions  of  the  fo^^d  itsidf« 
or  of  the  digestive  fluids.     To  some  persons  certain  foods  are  indi^estiblo  it 
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timefi,  or  at  partieiilflT  times.  Imiigestibility  leads  to  retention,  and  then 
the  restUtB  of  retention,  viz.,  chemicul  chaiigtia  and  putrefaction  going  on 
the  stomach  and  bowela  under  tlie  influence  of  warmth,  niuiature,  ajid  air. 

Then   irritation   is   pmduced,  and   dyspepsia,  diarrhii?a,  or   dysentery,    am 

tsAUBetL 

IndigiestibLlity  extends,  however,  farther  than  this.     There  is  some  reason 

for  thinking  that  the  alhiiniinataa  sometimeii  f»ass  into  the  circulation  less 

Dperly  prt!i>aix!d  than  usual  to  undergo  the  actiun  of  the  liver,  and  thiit  they 

.ejefore  prt-Mtuce  irritation  of  that  organ,  and  jMissing  into  the  blood  in  some 

assimiiable  state,  produce  irritatiun  of  the  skin  or  kidiveys.     SouiL^times, 

deed,  albumen  apjiearfl  in  the  inline,  aa  if  it  had  circulated  like  a  foreign 

tody  in  the  blood,     fciuch  conditions  are  usually  idiied  t-o  mme  evident  eiTor 

in  primary*  digestion,  but  occasisioiially  ai'e  not  obviously  acL^jinpunied  by  any 

gastric  disonler.     ^Vliether  there  is  any  similar  imperfection  in  the  digestion 

of  starcli  or  fat  is  not  at  present  known. 


6cS-8bcTION  IIL---C0NDITIONS  OF  QUAUTY, 


fcJkllend  quality  of  what  is  other'wdse  good  food  producea  a  great  number 
di9ettBe&     Most  of  the^je  are  referred  to  under  the  headings  ojf  the  ilitlerent 
wrtideB  of  iouil,  and  the  subject  is  merely  introduced  here  to  complete  the 
,  flketch  of  the  production  of  disease  h<jm  iooiL 
In  inquiring,  then,  into  the  effect  of  food^  the  following  appears  to  be  the 
,  order  of  procedure  :— 
1.  I»  the  foLKJ  exceesiye  or  deficient  in  quantity  as  a  whole  or  in  any  of 
tbe  primary  classes  of  aliments  t 
Are  the  ditferent  articles  digestible  and  assimilable,  or,  from  utam 
cause  inherent  in  the  food  or  projier  to  the  intlividual,  is  tliere 
dilhculty  in  primary  digestion  or  Wiint  of  proper  assimilation  t 
Im  the  quality  of  the  food  altered  either  before  or  after  cooking  1 


« 


CHAPTER    VL 

QUALITY,  CHOICE,  ANI)  COOKIKG  OF  FOOD,  AIsT)  DISEASES 
ATTIIIBUTABLE  TO  IMPEOPER  QUALITY, 

SECTION  L 

MEAT, 

The  aih^antages  of  meat  as  a  diet  are — it«  large  amoTuit  of  nitrogeiwms  fll» 
stance,  the  union  of  this  iirith  much  fat,  the  presence  of  important  salta  (m, 
chloride  of  potajisiiini,  phosphate,  an<l  carbonate  of  potaaduiiL,  or  a  aslt  tomr 
iiig  carbonate  in  i numeration),  anil  iron.  It  is  also  easily  cooked^  and  Ib  vtif 
digeetibk ;  it  is  probably  more  easily  assimilated  than  any  vegtstablo,  iid 
there  i6  a  inuth  moin*  rapid  iiietaniorplKieis  of  tissue  in  carnivorous  aniinalfl  tJaiB 
in  veget^ihle  feeders,  \\liother  the  nm  of  large  quantities  of  meat  ioczeMU 
the  IxHlily  strength  or  the  mental  faeidtie-^  moK>  than  other  kinds  of  nitngl- 
UUU3  fooil  ia  uncertain.  The  great  disadvantage  of  meat  is  the  want  of  iliii^ 
The  composition  of  Iresli  and  salt  nieiit  has  been  ah-eatlj  given  (pa^v  115 
and  196) ;  but  the  annexed  table  will  supply  further  details  : — 

Conipoeitions  of  Fresh  Beef.     {Moleschoii—Mean  of  all  the  CQntinfmtal 

Wat4ir 73*4 

iSohdile  albumen  and  liiematin,      ...         *  2'25 

Insoluble  albuminoue  substances,  .         .         .         ,  15 -2 

Gelatinous  substances, ......  3 '3 

Fat,*. 2-87 

Extractive  niattera, 1-38 

Kfeatin, 0O68 

Ash, 1-6 

It  is  worthy  of  remark,  that  StoLsel  f  foimd  89  per  cent  of  carbonic 
in  100  of  a.Hl^  which  indicates  probably  lactic  acid.     Are  the  anti-acorb 
properties   of   fresh   and   raw  (f)  meat   connected   with   this    acid     &tid  J 
it  destroyed  by  cooking  1     More  than  one- third  of  the  ash  is  compofled  of  | 
phoric  arid     It  is  alkaline, 

B€»ef,  mutton,  and  pork  form  the  chief  meats  eaten  by  the  soldier. 

Tn  time  of  ^leace  he  only  receives  as  fresli  meat,  Ix^ef,  and  mutton,  an  J 
seldom  pork;  in  time  of  war  he  has  salt  beef  and  salt  pork,^     The  mast 4 

*  The  amoutit  of  fat  lii  X\m  Analysb  is  certAmlir  too  low, 

■jr  Litbig's  Aimalen,  band  btxvii  |».  256, 

X  Professor  MorgEin  of  Diililin  proposes  the  foHowing  plan  of  taltiiw,  whieli  in  otrtaiiicMM 
might  be  aaeriilly  cniployed  l— Itruiiediately  after  death  lie  opeoR  the  thonur,  iiucTts  a  pip*  l«M 
the  left  rentricks  ami  pooneet^s  the  ini»e,  by  aa  indin-rubher  tube,  with  a  tank  of  bfine  ^ktaik 
*t  a  few  feet  elevation,  and  injects  Uie  vessel.  Afttr  tlie  blood  W  been  driTeD  onl  tbrovi^ 
the  right  iiaricltr  the  exit  i»  cloHeil,  and  tbe  pressure  foreei  the  brioe  into  the  smAUert  ntm^ 
cationa  of  the  vesaeis.     The  procostf  u  finished  in  ten  to  twenty  mlnutct ;  the  inctti  U  tfatacil 
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Supplied  by  contractors,  or  is,  at  some  BtationSj  furnished  hy  the  commifisanat, 
who  have  their  own  slaiightt?r-housea 

The  medical  othcer  may  he  calltid  on  to  see  the  animaia  during  life,  or  to 
cxazoine  the  meat 


i 


Sub-Section  L — Inspection  of  And!al8, 


E 


Animala  should  \m  inspecteil  twenty-four  hoiirg  Ix^for©  being  killed.*  In 
this  country  killing  is  done  twenty  four  or  forty-eight  hours  before  the  meat 
is  issued ;  in  the  tropica  only  ten  or  twelve  hours  previously. 

AT^iTitftlfl  ghonld  he  well  grown,  well  nourisherl,  and  neither  too  young  nor 
too  old.  The  flesh  of  yoimg  animals  is  less  rich  in  salts,  fat,  and  syntonin, 
and  also  loses  much  weight  {40  h-)  70  per  t'ent.)  in  cooking. 

Weight. — An  ox  ahould  weigh  not  hm  than  600  !)>,  and  will  range  from 
,thU  to  1200  lb.     The  French  rules  fix  the  minim  uni  at  250  kilogrammes 
SB  550  lb  av.)     The  meiin  weight  in  France  is  350  kilogrammes  { =  770  lb  av») 
cow  may  weigh  a  few  pounds  less  ■  a  good  fat  cow  will  weigli  frnm  700  to 
40  !b.     A  heifer  should  weigh  350  to  400  lb.     The  Fnmch  rules  ^\  the 
imum  of  the  cowl's  weight  at  160  kilograramea  (  =  352  ft>).     The  mean 
ight  of  cows  in  France  is  230  kilogrammes  ( =  506  lb). 
There  aiv  sevend  methods  of  determining  the  weight ;  the  one  most  com- 
monly naed  in  this  country  is  to  meaafure  the  length  of  the  trunk  from  Justin 
fiont  of  the  ftcapuite  to  the  root  of  the  tail,  and  the  girth  or  cirtnimferenee  just  l»e- 
'  the  acapnlae  ;  then  multiply  the  square  of  girth  by  O'OS,  and  the  product 
the  length,  the  dimensions  in  cubic  feet  arc?  obtained  ;  each  cubic  foot  is  sup- 
to  weigh  42  fl>  avoirdupois.     The  formula  is  {C^  x'08)xLx42.     An 
cow  gives  about  60  per  cent,  of  me4at,  exclusive  of  the  head,  feet,  liver, 
lungs,  and  spleen,  Arcf 

A  full-grown  sheep  will  weigh  from  60  to  90  t>,  but  the  difit?renee  in  dif- 
rent  breeds  is  very  great.    It  also  yields  aliout  60  per  cent,  of  availaljle  food. 
A  fuH-grown  pig  weighfl  from  100  to  180  Sb  or  more,  and  yields  aljout  75 
80  per  cent  of  available  tooih 

Age. — The  age  of  the  ox  and  cow  should  be  from  three  to  eight  years  ;  J 

the  age  is  told  chiefly  by  the  teeth,  and  less  ]>erfectly  by  the  home.     ITie 

tempornry  teeth  are  in  part  through  at  birth,  and  all  the  incisors  are  through 

in  twenty  days ;  the  first,  second,  and  thinl  pairs  of  temporarj'^  molars  are 

through  in  thirty  days  ;  the  teeth  are  grown  large  enough  to  touch  each  other 

>>y  the  sixth  month  ;  they  gradually  wear  and  faU  in  eighteen  months ;  the 

fourth  j>ermanent  molars  an^  thixjugh  at  the  fourth  month  j  the  fifth  at  the 

fifteenth ;  the  sixth  at  two   yeai-a     The  tempor/iry  teeth  begin  Uy  fall  at 

^^twenty-one  months,  and  are  entirely  replaced  by  the  thirty-ninth  to  t!se  forty- 

^H&fth  month ;  the  onler  being — centnd  pair  of  incisors  gone  at  twenty-one 

^BtDonths ;  second  pair  of  incisors  at  twenty-seven  months ;  first  and  second 

^Pt«!mporary  molars  at  thirty  months ;  third  temporary'  molars  at  thirty  months 

j        vp»  dried,  if  Dcce&sary,  in  a  hot  air  chamber,  nml  pac!;ed  in  chiircoaL     The  inj«Gt«d  fluid  in  com- 
!        pOMd  of  1  gallon  of  bmie  to  the  cwi  *  ^  to  ^  Iti  of  nitre*  2  lb  of  migar,  a  little  Apiw.  aalt,  and 

•  OS-  of  phoiphoric  acid,  which  ii«rves  more  coinplvtely  to  retain  the  alhnmen,  and  abo  adcU  ft 

nule  phosphoiic  acid    llie  brine  can  b«  used  hot.     Thia  ia  an  vxceUent  plan,  but  the  meat  ia 

too  «sUt. 
^_      *  Every  cod  tract  whonld  have  a  clonjie  givim  oftlcera  the  power  of  inspection. 
^^k    f  The  aniujal  in  divided  into  carcass  and  o^l :  the  former  includes  the  whole  of  the  akt^leton 
^Hi^xcept  the  head  find  fcetL  ivith  the  tnu^dui!,  membraiie«i  Teaaela^  and  fat,  and  the  kidnejA  and 
^Hfci  cofTOimdiiiR  them.     The  offal  includes  the  bead,  feet,  akin,  and  all  internal  or(^ans,  except 
^E»  kidDeya. 
^^^  %  Dr  Pavy  gives  four  years  for  the  highest  perfection  of  ox  beef,  on  the  authority  of  an 

**  isielligvnt  and  experienced  grazier/' 
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to  three  years  ;  tliird  aad  fourth  temporary  inckoiB  at  thirty-three  isontk  Uf 
thme  Years,  The  dyvt-lopmeiit  is  quiUi  complete  at  from  liv43  to  aix  yeaSB.  M 
that  time  the  bortler  of  the  incisors  has  hetiii  worn  away  a  little  below  tk 
level  of  the  grindem.  At  six  y^iirs  the  first  grijaders  are  beginning  to  wm, 
aud  are  cm  a  level  with  the  iiieisors.  At  eight  years  the  wear  of  the  6j« 
grinilers  is  very  apparent.  At  ten  or  eleven  years  the  used  surfao#--s  of  the  teelii 
begin  to  bear  a  square  mark  surrounded  \nth  a  white  line ;  and  lliis  \s  pro- 
nouneed  on  all  the  teeth  by  the  twelfth  year ;  between  the  twelfth  and  lour- 
tecnth  year  this  mark  takes  a  round  form. 

The  rings  on  the  horns  are  less  useful  as  guides.     At  ten  or  twelve  moal 
the  first  ring  appears  ;  at  twenty  mouths  to  two  years  the  second  ;  at 
t-o  tliirtV'Six  months  the  third  ring  ;  at  forty  to  forty^ix  months  the  foi 
ring;  at  fifty-four  to  sixty  months  the  fifth  ring,  and  so  on.     But  at  the  fifdt 
year,  the  tliree  first  rings  are  indistinguishable,  and  at  the  eighth  year  ail  ihu 
rings.     Besides,  the  dejilers  file  the  horns. 

In  the  sheep^  the  temporary  teeth  Ix^gin  to  appear  in  the  first  waek^  and 
fill  the  mouth  at  three  months;  they  are  gradually  worn  and  iaSi  mbaat 
fift^^en  or  eighteen  months*  The  fourth  permanent  grinders  ap^ioar  at  tlmv 
months,  and  the  fifth  pair  at  twenty  to  twenty-seven  months,  A  oooumd 
rule  is  **  two  broad  teeth  every  y*^&T.  '*  The  wear  of  the  teeth  bcsgiiia  to  In 
miirked  about  six  years. 

The  age  of  the  pig  is  known  up  to  three  years  by  the  teeth ;  after  that  tlieR 
is  no  eertainty.  The  temporary  teeth  are  complete  in  three  or  four  montiu ; 
about  the  sixth  montli,  the  premolars,  between  the  tusks  and  the  first  pair  id 
molars,  ap]xmr ;  in  six  or  t<?n  months  the  ttisks  and  posterior  inciscts  tie 
replaced ;  in  twelve  months  to  two  years  the  other  incisors ;  the  four  fa- 
manent  molars  appar  at  six  months  ;  the  fifth  pair  at  ten  months ;  and  tfai 
sixth  and  last  molars  at  eighteen  months. 

CoiidUum  ami  Health, — Tliere  ought  to  be  a  proper  amonnt  of  fat,  which 
is  best  felt  on  the  false  ribs  and  the  tuberosities  of  the  ischium,  and  the  line 
of  the  Kdly  from  the  sternum  to  the  fwlvis ;  the  flesh  ahoulil  be  toIunUy 
firm  and  elastie  ;  the  skin  should  be  supple. 

As  showing  healtli,  we  should  look  te  'the  general  eaae  of  moyemeiila,  tliii 
quick  bright  eye,  the  nasal  mucous  membmne  red,  moist,  and  htsdthy-loakiiig^H 
the  tongne  not  hanging  ;  the  respiration  regular,  easy ;  the  expii'ed  air  withoi^H 
odoor  ;  the  circtdation  tranquil  j  the  excreta  natural  in  appearaooe. 

M^hen  sick,  the  coat  is  rough  or  standing  ;  the  nostrils  dry  or  covefod  with 
foam  ;  the  eyes  hejivy  ;  the  tongue  protruded ;  the  nt?spiratioii  difiEiciilt :  mov^ 
mente  alow  and  difficult ;  there  may  be  diarrhuia ;  or  scanty  or  bloody  mine, 
iS:c.      In  the  cow  the  teats  are  hot 

The  diseases  of  cattle  which  the  medical  officer  should  watch  tof  are — 
1.  Epidemic  Fleuro-pneumfmia  (or  lung  disease). — Not  easily  rlM^Qg&fald 

at  first,  but  with  marked  lung  s\Tnpt<jmfl  after  a  few  day& 
2*  Foot  and  Mouth  DtJ^efj-^e  (murrain^  aphtha,  or  ecsiama  epi20cvtioa)i.^ 
At  once  recognised  by  the  examination  of  the  mouth,  feet,  and  teala 

3.  Cuttle  Plague   (typhus  contiigiosusj  Stepfx^  tlisease,  Kinderpeat).— 

Recognised  by  the  early  pnjsimtion  (hanging  of  ht^ad,  ilrof»j>ing  cl 
ears),  shivering,  running  fi'om  eyes,  nose,  and  month,  peculiar  cqa- 
dition  of  tongue  and  lii>8,  cessation  of  rumination,  and  tbe&  bj 
abdominal  pain,  scouring,  &e^ 

4.  Anthroj^  (malignant  pustule,  carbuncular  fever).— If  boils  and  Ct^ 

biineles  form,  they  are  at  once  recognised ;  if  there  is  eryai] 
is  caUed  black-quarter,  quaiter-ill,  or  blackleg  (6rysi|ielas 
ciilosum),  and  is  easily  seen. 
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*5.  Slmpie  inflammatory  qfeetions  of  the  lungs,  broncliitis,  and  simple 
pueumonia.     All  haAo  obTioue  Hymptoms. 
6.  Dropifvcal  affections  from  kitlney  or  heart  disease. 

7.  Indigestion^  often  comhined  with  apoplectic  sympbomfl. 
A  great  nomber  of  other  diseoi^s  attack  cattle,  which  it  ie  not  necessary  to 
umeiate.  All  the  above  are  tolerably  easily  ree^jgniflfid.  The  preaence  of 
wnia  medioom^ata  cannot,  to  my  kiiowkilge,  he  detects? d  before  death. 
The  dideasea  of  sheep  are  similar  t^e  those  of  cattle  ;  tbt^y  sutler  also  in 
rtain  cases  from  splenic  apoplexy  or  **braxy/*  wliiuh  is  eensidered  hy 
rofessor  Gamgee  to  lie  a  kind  of  anthrax^  and  is  isaid  to  kill  50  per  cent,  of 
L  yoimg  aheep  that  ili©  in  Scotland ;  the  animals  have  a  **  pcctdiar  leok^ 
Iggeiing  gaity  bloo^i-^hot  eyes,  rapid  breathing,  fidl  and  frequent  pulse, 
ftnty  aecretions,  and  great  heat  of  the  body."* 

The  «m^pox  in  sheep  (variola  o'vdna,  davelte  of  the  French),  is  easily 
lown  by  the  flear  bit  ten  appearance  of  the  skin  in  the  early  stage,  and  by  the 
pid  appearance  of  nodides  or  papuhe  and  veaides. 

The  aheep  is  also  subject  to  black-f^uarter  (Ei-ysipelas  carbiinculosum) ;  ono 
lib  ia  affected ;  and  the  limp  of  the  animal,  the  fever,  and  the  nipid  swell- 
I  of  the  limb,  are  f^ufficient  diagnostic  marks. 

The  Rhe<*p,  of  course,  may  sutler  from  acute  lung  affection,  scouring,  red 
iter  (hicmaturia),  and  niany  other  diseases*  Of  the  chronic  lung  atiet-tions, 
^  mofit  important  is  the  stj-ealled  **  idilhisia,"  which  is  jaodut  ed  by 
:  the  Strontjylm  filftria.  This  entoxuon  has  not,  I  believe^  been  yet 
and  in  the  muside^,  and  the  meat  is  said  to  be  good  The  rot  in  sheep 
uke  disease)  is  caused  by  the  pre.«Mmce  of  the  Dt^toma  hepaticum  in  large 
ttnbers  in  the  liver,  and  sometimes  by  other  paiusites.  The  principal 
mptoms  are  dulness,  sluggishness,  followed  by  rapid  wasting  and  pallor  of 
»  mucous  membrane,  diarrhtea,  yellowness  of  tlie  eyes,  falling  of  the  hair, 
kd  dropsical  swellings.  The  animal  is  supposed  to  take  in  the  Cercaria 
[fee  embryotic  stage  of  the  distoma)  from  the  herlmge.  The  so-caLled  **  gid,^' 
iturdy/'  or  **tum8ick,"  is  caused  by  the  development  of  the  Ctmmrus  cere" 
alis  in  the  bniin. 

The  pig  w  also  afctackwi  by  anthrax  in  different  forma,  by  typhoid,  and 
r  hog  cholera, t  The  swelling  in  the  first  case  and  the  scouring,  fever,  and 
oetratifin  in  the  second,  are  sufficient  diagnostic  marks.  In  1864,  a  severe 
rcr  of  this  kirn  I,  with  or  without  scouring,  prevailed  among  the  pigs  in 
^ndon. 

so-called  measle  of  the  pig  is  caused  by  the  presence  in  the  muscle  of 

C^tftieert^tiit  c^Jhthmw,  It  is  detected  in  the  following  way  r — Thts 
^tger  "  throws  the  pig  on  its  back,  draws  out  and  wi]>es  the  tongue, 
feels  for  the  sublingual  vcecicles  containing  the  Cysticerci, 
hit  is  cut  out  of  the  muscle  under  the  b^ngue,  and  the  Cysticerci 
e  microsoopically  examined*  A  small  harpoon  can  be  used  for  this  jiurjKJse, 
iA  gives  little  pain.  Sometimes  the  Cysticorciis  can  be  seen  on  the  con- 
nctiva,  or  on  the  folds  of  the  anus.  When  the  disease  is  far  a^lvanced,  the 
imal  is  dull,  the  eyes  heavy,  appetite  had.  These  symptoms  are,  however, 
it  peculiar ;  there  is  said  to  be  sometimes  tenderness  in  the  groin  (Greve), 


•  Fiflli  Report  of  the  Medictl  Officer  to  tlie  Pri\7  Oouacil,  pv  232, 

f  Dr  Oohbold  < Monthly  Micro*copi(ial  Jounml,  Nov.  1871)  bos  Litely  patnteJ  out  that  tlia 
f  k  ^fiseied,  both  in  Ainerlcii  and  Austnilia,  with  a  lai^  porasite  {the  Si^phmuiruit  d^nttitns). 
lii  wotm  Ib  found  cbietly  though  not  Bclely  m  the  fat,  and  is  at  tirst  free  and  ihcri  encyi^ted  ; 
9  crtd  ia  large,  and  may  be  1|  inch  in  length  and  ^  inch  In  diameter.  The  full  ^^rown  wtirm 
ij  M  M  iBQch  08  1|  inch  in  leiigtb.  Three  to  six  eggs  are  found  in  the  ry^t,  imil  the  ynunsr 
tnm  ml^ate.    Daring  their  migration,  it  hoA  been  surmisod  that  they  €«uBe  the  *'  hug 
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liut^  according  to  Delpech,  this  ia  very  uncertain  ;  a  better  sign  is  a 
amount  ol  8 welling  of  the  shouklor,  which  causes  a  sort  of  constriction  of  tkl 
necki  and  somewhat  impedes  tha  movements  of  the  animals  (Delpech).    Hi 
presence  of  the  Trkhina  spiralis  is  indetectabk  befaiB  death,  unless  fofODdiiL 
the  muscles  under  the  tongue, 

Sud-Sbction  IL — Inspection  of  Deab  Meat.* 
L  Fresh  Meat, 

Meat  should  he  inspected,  in  temperate  climates,  twenty-fotir  hson 
being  killed  ;  in  the  tropics,  earlier. 

The  following  points  muiit  he  attended  to  : — 

(a)  Qttatdi't^  of  Bom.^ln  lean  animals,  the  hone  is  relatirely  in  toogpHi 
proportion ;  taking  the  whole  muat,  20  per  cent  should  he  allowed. 

(b)  Qifimiify  and  Chumder  of  the  FaL — It  should  ho  sufficient,  y«t  gol 
excessive^  else  the  reklive  proportion   of  alhuminoiis  food   is    too  low ;  '^ 
should  be   firm^  healthy  looking,    not  like  jelly,   or   too    yellow  j  witli 
hajmorrhage  at  any  point.     The  kind  of  feeding  has  an  eflect  on  the  colour  < 
the  fat ;  some  oil-cakes  give  a  marked  yellow  eoloim 

Professor  Gamgee  states  that  pigs  fed  on  flesh  have  a  peculiailT  «oft 
diMuent  fat,  and  emit  a  strong  odoin*  from  their  bodies.  The  same  autiionU 
tells  us  that  the  hiitchers  will  rub  melted  fat  over  the  carcasa  of  thin  tod 
diseased  animfds,  to  give  the  glossay  look  of  health, 

{c)  CoudiUon  of  the  Flesh.— ThQ  muscles  should  be  firm,  and  yet  eUidc: 
not  tough  ;  the  pale  moist  muscle  marks  the  yoimg  animal,  the  dark-colducHi 
the  old  one ;  the  muscular  fasciculi  are  larger  and  coarser  in  bulli  tbin 
oxen.  A  deep  purple  tint  is  said  to  indicate  that  the  animal  has  not  htm 
slanglitered,  but  has  died  with  the  blo<xl  in  it  (Letheby).  ^Vheii  good  mettt  U 
jjlaced  on  a  white  plate,  a  little  n^ddish  juice  fre<jueutlj  flows  out  after  some 
hoiu^,  Good  meat  has  a  marbled  appearance  from  the  ramifications  of  little 
veins  of  fat  among  the  ratiscles  (Lethehy)*  Thei*e  should  l>e  no  Uriility  on 
cutting  across  some  of  the  muscles ;  the  interior  of  the  muscle  ahould  W  ^f 
the  same  character,  or  a  little  paler;  there  should  he,  no  *4 
mucilaginous  fluid,  or  pus,  in  the  intermuscular  cellular  tissue  Th  i  - 
iniportjint  point,  which  shoidd  be  closely  looked  to.  The  intermus<:i 
tissue  becomes  soft,  and  tears  easily  when  stretehcd  in  cor 
putrefaction* 

The  degree  of  freshness  of  meat  in  conimencing  putrefaction  is  ji 
by  the  colour,  ivhich  becomes  pider  \  hy  the  odour,  w^bich  liecomes  at  an  t^ 
stage  different  froia  the  not  unpleasant  odour  of  fresh  meat,  and  by  tie 
consistence.     Af terw^ards,  the  signs  are  marked ;  the  odour  is  diaagw«al^ 
and  the  colour  begins  to  turn  greenisLf     It  is  a  good  plan  to  pudh  a  dcMii 

♦  Id  tlie  city  of  LoDiloti,  about  I  ton  In  750  torw  b  oonderoncdj  bat  much  escapes  detoetiot 
Letbtiby  (Lfrcturt'Ji  oe  Food,  2d  editiou,  mge  2U^)  atate^  that  700  tons  of  meat  were  dettnai^ 
iit  seven  years  ;  of  tUin,  805,653  lb  w*?rc  diaeai^ed  ;  568,375  tt»  were  putrid,  and  108,798  tt^Vi 
from  animals  whicb  had  died  of  acident  or  dis<*a»e,  **  In  the  city  of  Londoiv  tbapnwIiBlil 
to  condimia  the  tieali  of  aiiimaU  iufect«d  with  certain  panutlteiii^  ituch  u  meaAles  and  flttkai^  kL^ 
iiud  of  anlmda  salferm^  frooi  fever  or  acute  infl&niriiatory  aflectionii,  u  rinderpgat.  plwot^ 
IMieiirnoniii,  and  the  fevtr  uf  parturition,  and  of  animalu  emaciated  by  lingeriiig  due«Mk  '■' 
tlivst-  which  Imve  died  from  ai  ciUent  or  from  nutuml  ninik's,  as  well  u  all  loeal  tainlffdvllfc 
f  f  1 1  y  s}c\  or  in  a  high  fltate  of  putrefaction.. "'  { thid^  {».  t^i  0, )  It  may  be  a  queatioii  if  meat  ahcotf 
In'  cnadfrnned  in  some  of  these  c&Mes,  as,  for  in^aUnce,  plenro-pnennioiiua.  In  loilia,  V^^ 
with  Cjjiticerfii  ia  now  ordered  to  be  recoived,  but  to  ha  carefully  cooked ;  but  it  ifOuJd  b» 
tUffieult  to  ensure  that  projwr  eooking  »liall  be  alwayn  bad  reooume  to. 
.  t  In  diieatiod  meat  tbare  ia  a  disagreeable  odour,  sgmetimes  a  smeU  of  pbyatc  ;  vcqf 
able  iirheu  the  meat  ia  chopped  up  and  drenched  with  warm  urater* 
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fe  into  the  fleaii  up  to  its  hili  In  good  meat  the  reaiataoce  is  tmiform ; 
putrefying  meat^^  some  parts  are  softer  than  others.  The  smell  of  the 
*fe  is  aleo  a  good  test      Cysticerci  and  Trichinra  should  be  lookeil  for 

below). 

(d)  CondiHun  of  the  Marrow. — In  temperate  climntea  the  maiTow  of  the 

lid  legs  is  solid  twenty-four  hours  after  killing ;  it  is  of  a  light  rosy  red. 

'  it  is  soft,  browuifih,  or  with  black  points,  the  animals  has  been  sick,  or 

iitreffictioii  is  f^ommencLng,     The  manxjw  of  the  foiie-legs  is  more  diffluent ; 

aething  like  honey — of  a  light  rosy  red 

(c»)  ConiUtiAjti  of  Lungs  and  Liver, — Both  should  he  looked  at,  to  detect 
I  Mini^/v^  Jfhiria  in  the  lungs ;  the  Distonm  in  the  Hyer ;  also  for  the 

}  id  multiple  abscesses. 
{/)  To  det^t  uattle  plague,  the  mouthy  stomach,  or  intestines  must  be 
seen  ;  no  alteratioo^  have  as  yet  been  pointed  out  in  the  naked-eye  appearance 
of  the  muscles,  though  under  the  microHcope  they  are  found  to  be  degenerat- 
like  the  muselea  in  human  typhoid  (Buchanan). 
But  meat  cannot  he  fully  judged  of  till  it  lias  been  cooked,  so  as  to  see 
much  it  loses  in  rofisting  or  boiling ;  whether  the  tihres  cook  liard,  ^^ 
1  countries  where  there  are  goats,  the  attached  foot  of  the  sheep  should 
sent  in  for  identification. 

Decom|R)tfing  sausages  are  difficult  of  detection  until   the   smell   alters. 

tniaiin  recommrnLb  mixing  the  sausage  with  a  good  deal  of  water,  boiling 

id  adiling  freshly-prepared  lime-water.     Good  sausages  give  only  a  faint, 

!)t   unpleannt^   ammoniacal   smeU }   l3ad  sausages   give  a   very   otfensive, 

[*uliar  ammoniacal  odour. 

Microseopic  Examinaiion  of  Meat 

In  the  flesh  of  cattle,  or  of  the  pig^  Cysticerci  may  be  found.     Tlxey  are 
leiuUy  visible  to  Uie  naked  eye  as  small  round  bodies ;  when  placed  under 


Jigr  20 — Woodcut  from  a  phntogrnph  of  **  measly  "  pork  in  Calcutta  (aatviml  nim), 

by  Dr.  Lewit. 

a  microscope  vrvih,  low  power,  their  real  nature  is  seen ;  they  are  eometimes 
^jp  numerous  as  to  caus*:^  the  tiesh  to  crackle  on  section.  Tlie  small ei^t 
^■ysticercus  noticed  by  Ltnii-kart  in  the  pij;  wa.^  about  yj^ths  of  an  inch  long 
P^tod  Y^ths  broaii  ;  but  they  aregenendly  much  larger,  and  will  reach  to  f^ths 
I     or  ^ths  or  fths  of  an  inch.    In  some  countries  they  are  extreuu^Iy  common  in 

cattle,  and  have  been  a  source  of  considerable  trouble  in  North- West  India. 

The  (^Bticercua  of  the  ox  produces  in  man  the  Timia  mi6d\o<mvdUxia,    ]L\i 
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slieep  Coljlwld  hm  described  a  small  CysticercuR  with  a  double  crown  of 
hooks,  26  in  oumber.  He  thinka  that  piisaiUy  a  special  Tiunia  may  an* 
from  thia.*  In  diagnosing  the  Cjsticerci  of  pork  the  hookleta  ahanld  alwujA 
Ihj  sei^n. 

The  TrichinpR  may  be  present  in  the  flesh  of  the  pig ;  if  encapsided  th 
will  he  seen  with  the  naked  eye  m  small  round  8j>ecks;  bat  very  often  i 
microscope  is  necsessary.  A  power  of  50  to  100  diameters  ia  sufficient  ^ 
hmi  plan  is  to  take  a  thin  slice  of  flesh  ;  put  it  into  liquor  potassfc  (1  part  1 
8  of  wat*jr)j  and  let  it  etand  for  a  few  minutes  till  the  muscle  becomes 
it  muat  not  \m  left  too  long,  otherwise  the  Trichinaa  will  Ite  deetrojf? 
The  whittj  gpecks  come  out  clearly,  and  the  worm  will  be  ft<>en  coileii  up.  If 
the  cap8ule  is  too  dense  to  allow  the  wonu  to  l>e  aeen,  a  drfjp  or  two  of  wpak 
hydrochloric  acid  should  he  added.  If  the  meat  is  very  fat,  a  little  ether  or 
benzine  may  be  put  on  it  in  the  first  place.  The  parts  most  likely  to  \» 
infect-od  are  said  to  he  the  muscular  part  of  the  diaphragm,  the  intercom 
miiscleSj  and  the  muacles  of  the  eye  and  jaw.f  In  diagnosing  Trichioie,  the 
coiled  wctrm  shoid"!  I*e  distinctly  seea  The  Siephanuru^  dcniatus  in  the  pig 
has  l>een  alrearly  referred  to. 

The  so-called  Psorosperniia,  or  Rainey's  capsulea,  must  not  be  mislakfai 
for  the  TriehiiKc,  nor  indeed  with  care  is  errcjr  possible.  These  are  little, 
aUaoat  transijarent^  bmliea,  found  in  the  flesh  of  oxen,  sheep,  and  pigs, 
are  in  sbajie  oval,  apiatUe-Bhaped,  or  aoraetimes  one  eml  is  pointcnl  \ 
other  rounded,  or  they  arc  kiilney-shaped.  The  investing  membrane  < 
deliciiti^  markings,  c-aused  by  a  linear  arrangement  of  minute  hair-like  1 
wliich  Mr  KiiineyJ  states  increase  in  size  as  the  animal  gets  older, 
sometimes  are  pointed^  and  the  appearance  under  a  high  power  (1000  dianiieteR) 
is  as  if  the  invefltment  consisted  of  very  deiieat-e,  transparent,  conical  \am^ 
terminating  in  pointed  pr<xie.ss.|  The  contents  of  the  cysts  consiflt  of 
gTiioukr  matter,  the  granules  or  particles  of  which  when  mature  are  oveI,  and 
which  adhere  together,  so  aa  to  form  indiafcinct  divisiona  of  the  entire  msiw. 
The  length  varies  from  ^^th  to  Jth  of  an  inch.  They  are  usually  naiTOW; 
they  lie  witliin  the  sarcolemma,  and  aj«pear  often  not  ti>  irritate  the  muscle 

TiU  the  present  time  no  injiuious  elfect  has  tjeen  known  to  be  produced  m 
men  by  these  bodies,  notwithstanding  their  enormous  quantities  in  the  flesh 
of  domestic  animals,  nor  have  they  been  discovered  in  the  muscles  of  men. 
But  in  pigs  these  bodies  sometimes  produce  decided  illness ;  l^esides  genend 
aigiifl  of  illness,  there  are  two  invariable  symptoms,  viz.,  paralysis  of  the  hin  1 
legs,  and  a  spotty  or  nodular  eruption  ||  In  sheep  they  have  l>een  known  t** 
affect  the  must-le  of  the  gullet,  and  produce  al^scesses,  or  what  may  be  cailal 
BO,  viz.,  swellings  sometimes  as  large  as  a  nut,  and  containing  a  milky  poraleitt^ 
looking  fluid,  with  myriads  of  these  capsules  in  it.  Sheep  aflecte*!  in  this  ' 
often  die  suddenly.U 

It  is  by  no  means  improbable  that  some  effect  on  man  may  be  he 
discovered  to  be  produced. 

8ome  bodies  which  have  been  also  termed  Psorospermia,  found  in  the  J 
of  the  rabbitj  and  other  parts,  and  in  the  liver  of  man,  and  which  hav©  I 


*  Surgeon-major  Oldham  deflcribefl  C^Hveereu*  TenuicoUii  (from  TttnLa  mar^natA  of  d^^ 
cnmmoD  in  the  nlieep  fir  th«  Ptinjah ;  it  hiis  foui*  Buekera  Aitd&  donbk  coronet  of  %%  b^te| 
(Iiidiati  Medical  Gaictte  Auj^iist,  1«73). 

f  Lion— Ctimp.  tlei  Sanity  Pol  p,  17h 

*  Phil.  Trans.  1867. 

I  B«&b,  in  tliiitl  R«pnrt  of  the  Cattle  Plague  CommissiGn^  Appendix. 
0  Vlrcbow^K  Arehiv,  band  xxxviii.  p,  066. 
%  LtlwriDgj.  in  Vircbow's  ArchiT,  band  xxxWi  p.  431. 
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ibed  by  many  obeervers  in  different  terms,*  may  possibly  be  found  in 

ber  animak,  aa  tbey  have  been  seen  in  tlie  dog  by  Vircbow.     They  ar*^  (jiiite 

Sbrent  from  Rainey^s  corpiim-Jes ;    tliey  are  ovsd  or  roimded  bodies,  at  lirst 

ith  granular  ei>iit*^nt.s,  and  thf?n  with  aggregations  of  grannies  into  thive  or 

ronnded  tM"iies,  on  wliich  something  like  a  nncleoluB  ia  seea     They 

|ve  ofttm  bec^u  mistakim  for  jnm  cells, 

^  Some  other  bodies  occiu'  in  the  lle^h  of  pigs,  the  nature  of  which  is  not  yet 

Wiederholdf  deseril>es  a  iiase  in  which  little  wliite  specks,  with  all 

appearance  at  Jirst  of  en  capsuled  Trichinae,  could  not  be  proved  to  be  so, 

ad  their  real  natuiie  was  quite  obscure. 

Vircbow  had  described  little  concretions  in  the  flesh  of  the  pig,  which  seemed 

be  composed  of  guanin  ;  |  these  were  also  at  lii-st  tidten  for  encapsuled 

ichinje. 

liololf  §  baa  described  little  hard  round  Dodulcs  in  the  fle^h  of  the  |jig,  some 

em  very  small,  othera  as  large  as  the  head  of  a  pin,  with  little  prtiloagationa 

to  the  surrounding  muscular  fibres  to  which  they  are  attached.     On 

outeide  of  these  bodies  am  Ijundle^  of  fine  hairs  or  needles,  sometimes 

in  quite  a  feather-like  foriiL     The  bodies  have  a  great  resemblance 

the  gminin  bo<lies  of  Vircbow,  but  the  needles  ai-e  not  crystalline.     Eoloff 

Uta  the  question  if  these  bodies  are  of  jHJst-mortem  origin. 

It  18  hanlly  necessary  to  state  that  in  cutting  across  meat,  small  bits  of 

cidotis  or  fascia,  sometimes  very  like  a  little  cyst,  will  be  found ;  but  common 

!  will  prevent  a  mistake. 

2.  Salt  Meat 

\  is  not  at  all  *'asy  to  judge  of  s^ilt  meat,  and  the  t^st  of  cooking  must  often 
ttployeiL     The  foDowiiig  points  ahoidd  be  attended  to  :- — 

(a)  Ute  ^aliimj  has  been  icdl  tlone^  hut  ifte  parts  //f/VnV>r*— This  is  at  once 
[i;tet'te4i  liy  taking  t>ut  a  gcKid  niiml>er  of  pieces ;   those  at  the  bottom  of  the 

sk  should  bft  looked  at,  as  well  as  those  at  the  top, 

(b)  TJie  tiaUhig  wdl  done,  and  the  paris  goofi^  but  the  meat  o^(?»— Here  the 
ittreme  hardness  and  toughness,  and  shrivelling  of  the  meatj  must  guide  lis. 
I  would  be  desirable  to  have  the  year  of  sailing  pkced  on  the  cask  of  salt  beef 

Of  park. 

(c)  Tfte  mltimj  wdl  dom^  hut  the  nieat  bad, — If  the  meat  has  partially 
itrefied,  no  salting  will  entirtdy  ifniovc  its  softness  ;  and  even  there  may  be 
atrefactive  odour,  or  greenish  colour.     A  shght  amount  of  decomposition  is 

sted  by  the  salt,  and  is  probably  inde  tec  table.     Cysticerci  are  not  killed 
salting,  aiirl  can  be  detected.     Measly  pigs  are  said  to  salt  badly,  but  Mr 

I  infonus  me  this  is  not  the  case. 
{dj  The  scdtUHj  badlt/  done,  either  from  haste  (jr  bad  brine. — In  both  cases 
I  of  putrefat:tion  can  be  detected ;   the  meat  is  paler  than  it  should  be  ; 
,  filightly  greenish  in  colour,  and  with  a  peculiar  odour. 
It  should  be  remembered  that  brine  is  sometimes  poisonous ;  this  occurs  in 
where  the  brine  has  been  need  sevenil  times  j  a  lai*ge  quantity  of  ammal 
abatance  passes  into  it,  and  appears  to  decompose*     The  special  poisonous 
agent  haa  not  been  isolated. 

Sub-Section  IIL— DisEAiiES  arising  from  altered  Quality  op  Meat. 

A  very  eonsiflemble  quantity  of  meat  from  diseased  animals  is  brought  into 
the  marketp  but  the  amount  is  uncertain. 

•  Leudcan,  Die  Metuchl.  Paraa.  >»aiid  I  p,  7-40  ;  Stkda.  Virchow'u  Archiv,  l^aad  xxjlH.  p.  132; 
Eoloff,  Viitrhow'i  ArcliiT.  band  iliil.  p,  512.  f  Vircbow'a  .Archiv,  Imud  xxxiii.  p.  54t, 

X  IVkd.  b«od  mv.  858.  §  Viicliaw's  AiLkiv,  band  iiiii,  p.  h^^L 
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IiiBba]iC436  Bie  not  at  all  uncommon  in  wliich  persons,  after  partakui^ 
Cher's  metit,  have  l>e€?n  attacked  with  si^rious  gajatro-inteatiiiiil  symjitoai 
(vomitings  diairbrea,  and  even  cramp),  followed  in  some  cased  by  Btfvm 
fehrile  eymptomH^  the  whole  comjilex  of  symptonw  somewhat  reeemblei 
cholera  at  iirat,  and  afterwards  typhoid  fever.  The  meat  has  been  oltea 
analysed,  for  the  purpose  of  detecting  poison,  but  none  has  been  found.*  lit 
the  records  of  these  cases,  the  kind  of  meat,  tbe  pari  used,  and  the  origin  ' 
a  difteased  animal,  are  not  stated,  and,  in  some  caaes,  it  may  be  conjcci 
that  the  cc>okmg»  and  not  the  meat,  was  in  fault  Still,  the  instAiioes 
becoming  nimierous,  and  are  increasijig  every  day,  as  attention  is  dijreeled 
the  subject.  ^' e  should  conclude  from  general  principles,  that  as  all  disesMf 
must  affet-t  the  composition  of  Mesh,  and  as  the  composition  of  our  own  bodiei 
is  inextricid  >ly  blended  with  the  composition  of  the  substaJicee  we  eat^  it  mmi 
be  of  the  gn^atest  importjmce  for  health  to  have  these  subetances  as  pure  a* 
possible.  Animal  poisons  may  indeed  be  neutralised  or  d«?stroyed  by  the 
pirtcesses  of  cooking  and  digeation^  but  the  compoedtion  of  muscle  must  exert 
an  influence  on  the  composition  of  our  own  nitrogenous  tiasuee  which  do 
preparation  or  digestion  can  remove. 

On  looking  through  the  literattire  of  the  subject,  however,  we  £jid  hm 
evidence  than  nught  be  expected.  I  cannot  but  believe  this  to  be,  in  part, 
owing  to  imperfect  observation,  especially  when  we  think  for  bow  long  a  tiioe 
the  Trichina  disease  was  overlooked 

1.  Theflesh  of  keaWiy  animah  may  produce  Poisonous  S^frnptoms* — ^Thii 
ia  the  case  with  certain  kinds  of  fish,  especially  in  the  tropical  seas,  ITicre 
no  evidence  that  the  animal  is  diseased,  anti  the  flesh  is  not  decomposed ; 
produces,  however,  violent  symptoms  of  two  kinds — ^gastro-intestinal  irritatfon, 
and  severe  ataxic  nervous  aympt^Tna,  %?ith  great  depreagion  and  algidity.  Th« 
little  herring  {O/upm  karengo  minor) ^  the  silver-fisb  (Ze?t.8  fftilltts)^  the 
pilchard,  the  whit^e  flat-fish,  and  several  others,  have  been  known  to  have 
these  oHectaf  In  some  cases,  though  not  in  all,  the  poison  is  developed 
during  the  breeding  time.  Oysters  (even  when  in  season)  and  museels  bsTB 
been  known  to  produce  similar  symptoms,  without  any  decomposition.  The 
prt^duction  of  dyspepsia  and  nettle-rash  in  some  persons  from  eating  sheD-fiah 
need  scarcely  be  mentioned. 

Among  the  Mammalia  the  flesh  of  the  pig  sometimes  causes  diarrhcea— t 
fact  I  have  had  occasion  to  observe  in  a  regiment  in  India,  and  wliich  haB 
been  often  noticed  by  others.  The  flesh  is  pMhably  aifectc^l  by  the  tmwhole- 
some  garbage  on  wliich  the  pig  fecnis.  Sc»metimes  pork,  not  obviooslj 
diseased,  has  produced  choleraic  symptoms.  |  In  none  of  these  oaflat  has  thtt, 
poison  been  isolated, 

3.  The  Jfe^'h  of  healfhij  animals  when  der<ffnponn/j,  is  eaten  sometiiDet 
without  danger ;  hut  it  occasionally  gives  rise  to  gastro-intestinal  disorder— 
vomiting,  diarrhcea,  and  great  depreamonj  in  some  cases  severe  febrilfc 
symptoms  occur,  which  are  hke  typhus,  on  account  of  the  great  cerebral  com- 
phcation.     Cooking  does  not  appear  entirely  to  check  the  decomposition. 

It  appears  to  be,  in  some  cases,  the  acid  fluiils  of  cooked  meat  which 
promote  this  alteration. 


HI-  ■ 


*  See  Profeuor  Oiimgee*i  piper  in  the  FLft^i  Reprt  of  tbe  MedicoJ  Officer  to  Um 
Council,  1863»jp.  287.  He  refere  to  caae*  noted  by  Maclagon,  Taylor,  L«itbeby^  * 
ThomaoD,  iuid|Eeith. 

t  A  liflt  of  more  ihnn  forty  fish  en,  which  are  occasioniilly  poiisonont,  u  given  bj  Ftppftt^ 
helm.— Hand,  drr  San\Uits-p}d,  band  i.  p,  895, 

.  X  £.e«teven  cites  a  good  ca6e  in  which   twelve  peraons  were  affeetecL^Jfittf, 
eouite,  March  b,  1864. 
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I^PBauMgee  and  pork-pios*  sometimes  become  poiflonoiis  from  the  formation 
of  an  as  yet  unknown  substance,  wMch  ifi  perhaps  of  a  fatty  nature.  It  is 
Kbot  tmnethTlamine,  amylamine,  or  phenykmune— these  are  not  poisonous 
(Schloesbei^ger).  The  symptoms  are  Bevere  intestinal  irritation,  followed 
mpidlj  bv  nen^ouB  oppression  and  colkpao.t  Neither  salts  nor  syiices  hinder 
Ebe  production  of  this  poison,  M,  Yamleiu  Coi-put  attributes  the  poisonous 
I  T         if  fiamages  to  a  fungua,  of  the  nature  of  a  sareina,  or  what  be  terms 

E^Atara  and  shfll-fiBli,  whim  decomposing,  produce  also  marked  symptomja 
le  flame  kind.  Eotten  hsh  are  used,  however,  by  the  Burmese,  Siamese, 
Chineae  as  a  sort  of  condiment,  without  bad  etlecta. 
The  /rejfh  and  not  de^ompOffing  jff^h  of  dib^eimed  animals  causea  in  many 
i  injurious  effects.  A  ^ood  deal  of  dilierence  of  opinion^  however,  exists 
cm  tbia  point,  antl  it  would  seem  that  a  more  careful  inquiry  is  necessary. 
Th©  pn»habdity  is,  that  when  attention  is  directed  to  the  subject,  the  effects 
pi  liiseas^  meat  will  be  found  to  be  more  eonsiderable  than  at  present 
9ired.§  At  the  same  time,  we  must  not  go  hayond  the  fa^ts  as  they  are 
\  pFiseat  known  to  us,  and  at  present  certainly  !)atl  efifects  h?ive  been  traoed 
^iOsly  a  few^  instanc«^<? ;  perhaps  the  he-at  of  c(R>king  is  the  atifeguanl. 
»)  AectdefUn. — The  Mesh  of  aniiaals  kilknl  on  account  of  accidents  may  be 

without  injury, 
b)  The  fleah  of  over-driven  animals  is  said  by  Professor  (Tamgee  to  contain 
Diaon  which  often  produces  eczema  on  the  skin  of  those  who  handle  it ;  and 
^ting  the  ticsh  is  said  Uy  **  have  Ix^en  attended  with  bad  effects," 

(c)  Early  JStoije  of  Acute  Intfammaior^  Dkease, — The  meat  is  not  apparently 
alteiieci,  and  it  is  said  that  some  of  the  primest  meat  in  the  London  market  ia 
taken  from  beasts  in  this  couilition ;  it  is  not  known  to  be  injurious,  hut  it 
liaa  been  recoramt^nded  that  the  bkod  should  be  allowed  entiitfly  to  tlow  out 
k^txia  body,  and  should  not  be  used  in  any  way. 

^■p?)   Chronic  wmting  DUea^ps — Phtkidti,   iMfpsy,  ^c, — The  flesh  is  palei^ 
BRka  badly,  and  gives  rise  to  sickness  and  diarrhcca.     It  also  soon  begins  to 
decumpoBp^  and  then  causes  yeiy  severe  gaatro-intestinal  derangement. 
^£e)  Chrtmte  Nervous  Fevers,— Some  as  above. 

B|/)  Eimleinic  Pieuro-pneumania  of  Cattle. — Much  doubt  exists  as  to  the 
raect  of  this  disease  on  the  meat  It  is  hardly  possible  that  the  flesh  shoidd 
not  bi^  ^^rimtsly  altered  in  composition,  but  it  seems  certain  that  a  lar|re  quan- 
coujiume*!  wathout  apparent  injury.  I  have  been  informed  by 
xreUent  autbttrities  that  the  Kaffirs  ate  their  cattle  when  desti'oyed 
ty  iha  epidemic  lung  diseaAe  which  prevailed  at  the  Cape  some  years  ago, 
without  injury.  B<:>th  my  inform  an  tfi^Stafi'-durgeou  NicJLilson  and  Assistant- 
0aigomk  Frank- — maile  very  careful  inquiries  on  this  point  Dr  Livingstone, 
~     rever,  stat^^  that  the  use  of  such  Uesh  produces  carbuncle. 

1^)  AttihrftJt    anfi    Mali^putni    Pudule, — Many    of    the    older    authora 
Laneiai,  quoted  by  Leyy)  uMintion  facts  tending  to  prove  the 
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*  T  liftv«  teen  veiy  leTere  avinptDRVi  prcdnc^,  rliAirlioea  and  partial  coUaiie^,  froisi  eitting 
W«f«te«k  pip.  which  preaeoted  notbing  unpleiutant  to  the  ta«t«.     {F.  ile  C.) 

+  A  fteTure  Cii*e  of  poison ine  by  IvntT  sauiage^  took  pkee  at  Middelburg  in  Iloliaini  in  March 
lSt74.  Keftrif  400  were  attacketl,  and  out  of  343  reported  cases,  6  di*d.  Th«?  symptoms  com* 
menoed  a  few  hoars  ailcr  the  sausaffes  were  eaten,  c-otisiating  of  nanw.'a  and  vomitininfp  dijurhoEa 
irllh  offeojiiv*)  sti3ols  and  abdoniiaaJ  paiij  Mid  high  fflver.  The  symptoms*  aftt^r  apparent 
conTal^Mvnc^t  ircnrred  fornevenildays^f  and  at  last  became  quit*  of  itn  intoniiittent  character* 
u\i^\  And  niici'oiicopfcal  exacnitiatiou  failed  to  di^tect  anything,  except  that  there  were 
DtJIie!!  of  the  minatest  orgaoisms  in  the  sausages,  (Ceutridbktt  fiir  die  Med.  Wiss.  1875, 
,14,  p,  219.) 

•  Quuti*d  by  Lethebyi  Chmnical  ye\r§,  Feb.  1B69.     I  hav#*  not  seen  tbft  onsinnl  papei:. 
k  ProfenoT  Qamgee  sayi  that  ith  of  the  meat  in  London  is  more  or  less  diiieaaed. 
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<1  anger  of  udng  the    flesh   of  animak  affected   wit 

Cbjiiissier  also  athnE^d  the  same  thiug,  but  subsequently  nuKiifiedl 

considembly.     The  apparent  increase  in  the  numlier  of  cases  of 

])Ustule  in  men  haa  been  ascribed  to  eating  the  fieah  of  animak 

disease,  but  it  ia  quite  as  likely  tliat  inoculation  may  have  taken  pUoe  i 

ways. 

The  evidence  laid  before  the  B<dgian  Aeadejny  of  >ledicine  led 
lielieve  the  flesh  of  cattle  affected  with  earbuneular  fevera  to  be  iiijim0 
it  is  not  aUowed  to  be  soLl 

It  liaa  been  Bup]iused  that  the  outbreaks  of  boils,  whicli  hav«P  ootaabl 
become  more  prevalent  of  late  years,  are  produced  by  meat  of  this  kind,  bij 
the  evidence  is  very  imperfect 

Men^chel*  hag  recoided  a  case  in  vrhich  twenty-four  peraons  were  { 
with  malignant  pustule,  the  majority  after  eating  the  flesh  of  beasts  i 
from  the  disease,  the  otheM  from  direct  inoculation-  Thoi^e  who  ate  t 
were  attacked  in  tliree  or  ton  davB  ;  those  who  were  inoculated,  in  tiim  if\ 
flix  days.  In  tlifpse  who  ate  the  tiei^h  the  carbuncle  appears!  in  twoi 
the  upper  ann,  in  thix^e  on  the  fonjarm^  in  nim?  on  the  face  and  hiawL  Hi] 
gangrenous  degeneration  rapidly  extended.  Five  died  of  the  twentfta] 
CBBes*  One  woman  ate  flesh  and  broth  ;  another  ate  the  same  i\es\  bat  <!*•  | 
away  the  broth.  The  tii-st  was  attacked — the  second  had  only 
This  appejim  to  he  the  most  satisfactory  ^^Lse  on  record.  It  is  alao  ataledl 
pigs  fed  on  the  ^mh  got  the  disease,  and  that  a  woman  who  ate  aamt^i 
diseased  pmk  waa  also  attaeked. 

On  the  other  hand,  several  old  authors,  and  latdy  NefTel^f 
Kirghises  constantly  eat  h<5r9e8  ami  cattle  (ei  ther  kiHed  or  dying  t 
aflected  with  malignant  jiustule  without  injuiy. 

Parent-Duchitelet  (t.  il  p.  UJ6)  quotes  a  case  from  Hamel  (1737),  in  ^ 
a  bull  infected  three  jK^rsona  who  aided  in  killing  it,  and   a   aUl);eoill  *i 
opened  one  of  the  tumours  of  a  pemon  atfwted  ;  yet,  of  more  than  100  p&n 
who  ate  the  flesh  ro^isted  and  Ixiiled,  no  one  expenencwl  the   slightatl  wa 
veniencc,  and  Pai-ent  states  that  many  other  cases  are  known  in  htetililic^ 

Parent-Duchfitelet  and  Levy  {L  iL  p.  661)  quote  from  Morand'  (176Qm:| 
instance  in  which  two  hulk  communicated  malignant  pustiik?  to  two  batCHi  < 
by  inoculation,  yet  the  flesh  of  the  animixJjfl  wtis  eaten  at  the  **  Inndids* 
without  injury.     But  both  these    instances  are  of  old  dateu      Ihkfi 
(Hit mi k  thr  SfimtatS'PU*^  hand  L  p.  587)  states  (without    giiring 
instances)  that  there  are  many  case-a  in  which  no  hsid  effect  rosiilted 
cooked  flesh  of  charbun — that  the  peasants  of  Posen  ©at  such 
l>ei*fect  indiffei'enoe,  and  believe  it  ia  hannle^g  when  boiled. 

With  regard  esfKJcially  to  the  eryaipelaa  carbunculoemn,  or  black-qnarter,  I 
distingidshed  from  malignant  pustule  (if  it  is  to  be  fto  distingidshed),  T    * 
Ganigee  (**  Fifth  Pejjort  of  Medic^d  officer  to  the  Privy  CoiUKjil,"  p.  : 
refei"8  to  crises  of  poisoning,  and  two  deaths  mentitmed  to  him  by  Dr  1 
of  Abeideen,  caused  by  eating  an  animal  affected  ^vith  blaek-quaj'ter. 
notices  an  instancti  wliich  occujTed  '*  a  jiuiid)t*r  of  years  ago  in  Uismiri^ 
when  seventeen  persons  were  more  or  less  afi'ected,  and  at  least  ono  * 
and  states  that  a  number  of  casea  have  hoen  related  to  him.  by  diffa 
observers. 

The  discrepancy  of  evidence  is  so  great  as  to  lead  to  the  conclusion*  tbil] 
the  stage  of  the  disease,  or  the  part  eaten,  or  the  mode  of  oookiaig  must  haw  ' 


♦  Prau«a.  MecL  Zeit.  4th  June  1869,  and  CaiisUtt^ft  Jabreab.  IMS,  band  iv,  pu  257. 
+  CfliMtatftt  Jakresb,  iur  1860,  baud  ii.  p,  137. 
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iniluenoe,  and  that  a  mucli  more  car«?ful  study  ihim  has  yet  h«en  giYen 
»uhj<eet  18  neoeaBury  to  clear  up  these  great  variations  of  statt^iuent. 
^phitic  Apoplejry  or  Bnury  of  SheejK — Prof etwur  SimontlB*  Bt;iteB  that 
and  dogs  died  in  a  few  hours  afttT  eatujg  the  fleah  of  shei^p  ileail  of 
Professor  Gaingee  (**  Privy  Ciumci!  lie]K(rt/'  1863,  p,  280)  affirnia 
:ie  thing ;  hut,  on  the  other  hand,  I  m\\  infr^nned  l»y  luy  fiirnd  Dr 
i^gor  that  dogs  eat  thu  m«at  with  [jerfect  impunity.  The  experiments  of 
Jfort  (Levy,  t  ii.  p.  664)  liave  also  shown  tliat  pig&,  dogs,  and  fowl^  tire  not 
icommoded  by  this  poiacin,  which  yet  actt^  violently  when  swsdlowed  liy 
hr^p,  ^ata,  or  horst*.  So  also  l>r  Smith  «tati:'^,t  that  the  tihephcrds  in  the 
la  of  Scotland  eat  by  preference  hraxy  sheep,  an<l  are  quite  hialthy. 
'  iregor  tells  me  that  the  flesh  of  braxy  isheep  is  never  cookwi  until  it 
laa  been  steeped  for  two  monthH  in  brine,  and  then  susjiended  for  a  time  from 
hb  kit<:hen  roof.  It  is  preferred,  to  ortlinary  salt  mutton,  because  it  has 
alht^r  a  flavour  of  game. 

(i)  Small-pox  of  Shcep,-^Th^  flesh  has  a  peculiar  nauseoUB  smell,  and  is 
Mile  and  moist.  It  proiluces  sickness  and  diarrhoea,  and  sometimes  febrile 
ijrtnptoma. 

(/)  Foffi-and'mouth  Dimim  {Aphtha  {or  Eczema)  epitociica), — Levy t  states 
liata^  difk-rent  timee  (1834,  1835,  1839)  the  aphthous  dist^ase  hm  prevailed 
liDOBg  cattle  both  at  Paris  and  Lyons,  witiiout  t!ie  side  of  the  meat  \mi\ig  iii- 
terruptod  or  giving  rise  to  bad  n'sults.  The  milk  of  cows  atfectiHl  ^viih  foot- 
md-moatk  disease  has  l>6en  supposed  to  cause  yesit'ular  affi^etii^in  of  the  mouth 
in  meiL§  The  evidence  seems  to  me  very  uncertain.  The  <ltseliarges  from 
&he  mouth  are  constiintly  on  the  hands  of  the  farm-labourers,  who  are  not  vci-y 
cleudj,  and  who  must  constantly  convey  tbi^ni  to  theii*  own  iiioutk^  and  yet 
tliede  discharges,  so  infectious  to  other  cattle,  j>roiluce  no  etreet  on  them. 

{k)  Cafite  Plfttjiie  (Himhrped^  Typhm  cuntafpOf^K^  of  the  Ffench.)^A 
pnffn\  such  Mesh  would  lie  Ofjusidered  highly  dangeroiis,  aud  the  ISeljj^'an 
Aca<h»iny  of  iledicine  so  consider  it ;  but  there  is  some  8trc»ng  evidence  on 
Ihe  other  side.  In  Strasbourg  and  in  Paris,  in  1814,  many  of  the  hcijsts  eat*?n 
\Mk  those  cities  for  several  mootbs  had  rijKlerj:>est,  and  yet  no  iD  ctmsequenees 
irere  traced.  But  it  may  lie  questioned  whether  they  were  locked  for  in  that 
MSoful  way  they  would  l^e  at  tb*f  present  day.||  Some  other  evi denize  is 
Itvonger  :  Renault,  the  director  of  the  Yeteriimry  School  at  Aifort,  nuide  for 
Mjrexal  years  after  18*28  many  experiments,  and  asserte  that  there  is  no  danger 
Hjm  tke  cook&i  flesh  of  cattK  pigSi  or  sheep  dead  t>f  any  contagious  diseiise 
PPteUe  qus  soit  la  repugnanoo  bien  nattiit'lle  que  puiasent  inspirer  ces 
prod  nits.  ")1I  So  also  during  the  occurrence  of  the  riuderijest  in  England 
(1865),  large  quantities  of  the  meat  of  animals  killed  in  all  stages  of  the 
disease  were  eaten  withuut  ill  etfects.  In  Buhemia  idso,  m  1863,  the  peasants 
iug  up  the  animals  ilead  witli  riuderpi\Ht,  and  at^^  them  without  had  results,** 
I)  lis  bios  in  the  dog  and  cow  j>roduce8  no  had  effects,  ft 
m)  Diseases  in  the  jtig,  like  scarlet  fever  and  pig-typhus,  have  prevailed 
ly  in  Londuij,  and  the  flesh  has  been  eateiL    No  injury  lias  iKen  proved, Jt 

•  Agricultural  Jounud.  No.  60,  p.  2S8.  f  Socml  Sdenc*  Tran».  for  1863,  p.  f^^jt*. 

*  Tmit*  d'Hygi^ue,  \^1,  t.  ri.  p,  S©.  §  Joar.  of  the  Epicl.  Soc,  vol.  L  p.  423. 
The  word*  of  Cos©  (P&rt?ui-Du€b&t«let>  t,  iL  p.  21)1) 'are,  bow«ver»  very  strong.     At  Stras- 

l  be  Myft— **  Un  millier  de  boeufs  de  gmnde  taille,  nittla^len  pour  la  plupmrt  im  plua  tiiiut 

_  (,  pujiiqu'un  Asse2  gmud^  Dombre  out  ^tfi  ^orgt^*  au  uitiment  ou  iW  allei-ent  expu^r,  a  €\A 
MmtcinifD^,  pendttiit  «t  apren  k  Vi1im,us,  ert  cet  aliuient  n'a  prucluit  aucuue  itialadit*." 

%  Piven,  I>i«  Subitanc^*  AUmt-ntairfta*  pp.  30,  SL 
♦♦  Etul(tiic«  of  Cattle  Pla(;^ue  C«nimiB«iciii,  question  9^7*  and  other  placea. 

ft  PaTFiil'Uucbiitelut,  t.  ii,  p.  197,  citea  a  case  ol  seifea  mad  cows  being  sold  witbomt  injury 
io  tboM  who  ate  Hm  t1«ab. 

^  Lrtbeby.  Owm,  N€u»,  Jan.  15,  1869. 


FOOD. 

(n)  The  Ct/itticerem  edlidoBOB  ol  tiie  pig  producee  Tmnia  «oliuiii,KDd 
tbe  ox  and  cow  the  Teema  wtaMooanrnma*     Theae  entozoa  often 

eating  the  raw  meat,  but  neither  cooking  nor  8altmg  aie  quite 
though  they  may  lessen  the  danger.     Smoking  appeaw  to  kill  the 
and  ao,  aecortllng  to  Delpeeli,  does  a  temperature  of  212*  Fahr^    T. 
found  that  a  much  lower  tem[)erature  sufficed.     When  the  CystioeTTn  W 
exposed  for  five  minutes  to  a  hcmt  of  130^  Fahr.,  lie  could  detect  lu) 
ment«,  and  he  considers  tluit  a  ti^mperature  of  from  135'  to  140"  liit 
minutefl  would  certainly  kill  them,     Lewis  considers  there  is  no  dASger  ii 
cooking  la  well  done,  as  the  temperature  of  well  done  meat  ja  nflirex 
150'. 

(o)  The  Trichina  ifj/iralh  in  the  pig  gives  rise  to  the  curious  TrichinA 
caused  by  the  wanderings  of  the  young  Trichinae  The  atfection  ii 
febrile,  Resembling  typhoid  or  even  tyjihus,  or  acute  tiiherciiloaig,  bnt 
w4th  excessive  pains  in  the  limbs,  and  cedema^t  Boils  axe  alao 
caused.  The  eating  of  raw  triehimferous  pork  is  the  cliief  cause, 
entozoon  ifi  not  easily  killed  by  cooking  or  aalting.  A  tempemture  of  1 
155"  Falir.  kiUa  the  free  Trichinaip  but  the  encapuled  Trichina  may 
a  greater  heat  (Fiedler).  During  cooking,  a  temperature  \rhich  will  om^s^ 
the  albumen  (150''  to  155^  Fahi.)  renders  the  Trichinae  incapable  oi  pmnp 
lion,  or  destroys  them.  As  a  practical  rule,  it  may  be  said  that  if  the  JxifiBB 
of  a  piece  of  boiled  or  roasted  pork  retains  much  of  the  l>lood-red  ookor  d 
uncooked  meat,  the  temperature  has  not  been  higher  than  131'  l^tl^mi 
there  is  still  danger.  Intense  cold  and  complete  decompoeition  of  tiie  mdtdl 
not  destroy  the  Trichime.  Hot  smoking,  when  thoroughly  done,  do«  di^iV 
them  (Leuckart)  ;  but  the  common  kinds  of  smoking,  when  the  heat  is  ate 
low,  do  not  touch  the  Tri chime  (Iviichenmeister). 

(p)  The  £chinococcM4i  Dktase, — -It  is  well  known  that  many  peaoBi  «Bl 
eat  freely  of,  and  even  prefer,  the  liver  of  the  sheep  full  of  flukes.  1  an  ivt 
aware  tliat  in  this  country  direct  evidence  has  l>een  given  of  the  prodartiflft 
cf  disease  from  this  cause.  In  Iceland  the  Echinococcus  disease,  which  ificdi 
a  large  number  of  persons,  is  derived  from  sheep  and  cattle^  who  in  thbit  Uoa 
get  the  diseai^e  from  the  Tsenia  of  the  dog  (Leared  and  Krahbe.) 

((/)  Glandei-s  and  farcy  in  hofses  do  not  appear  to  prixlucse  any  u^miflB 
eflectjs  on  their  ileah  when  eaten  as  food.  Parentr-Duch&telet  qnotos  l«t 
instances,  in  one  of  which  300  glaiidered  horses  were  eaten  withom  iajoiT. 
("Hyg.  Publ,'^  t  ii.  194,  iSee  al^  Le\T,  t  ii.  pp.  661,  662.)  In  1870. 
during  the  siege  of  Paris,  large  quantities  of  flesh  from  horses  with  fucy  tfiA 
glanders  were  eaten  without  injury. 

(r)  Meilicines,  especially  antimony,  J  given  to  the  animals  in  latge  qi 
have  sometimes  priwluced  vomiting  and  diarrhtea-     Arsenic,  also,  is 
given,  and  the  flesh  may  contain  enough  arsenic  to  be  dangerou&.§ 

In  time  of  }>eace  the  duty  of  the  army  surgeon  is  simple.  Under  the  !«■• 
of  the  contract,  all  sick  beasts  are  necessarily  excluded.     Without  lefenooe^ 


♦  Th€  Bk(ld«r  Worms  foiit«l  in  Btef  nod  Pork,  bj  T.  R.  Lewis,  M.D.,  Cblentta,  \W!% 

t  Aitkin's  Prat'tice  of  KediiiiTte,  itUedit.  voL  t  \k  SiiT.  S««  also  report*  ou  Hyisme  bjl 
iKrrit«r  in  tht)  Aniiy  Me<lical  l<fi|>ori  for  1S60,  1891,  1862,  and  18^,  when  refervofiM  to  m 
of  the  linrly  CAsrK  will  b«  found  Sea  aUo  Dr  Thudichuin'a  treatiae  In  Mr  Simon*!  BnMtl 
the  Privy  Qiuncil,  1864. 

t  See  a  well  marked  caaedtad  by  Pftvy  (**  A  Tr««tie8 on  Food  and  Dietetics/'  2d  ©d.  1  ft75,  ^  IS^V  1 
aa  quoted  by  Gamg«e,  from  the  Central  Zeitiing  fur  die  gesaramte  Vfterinarmedii'iii  ftftr  19H  | 
Habere  107  persona  were  attackeii  bMvt  eating  the  deali  of  an  ox  which  had  been  tna%  ~ 
tartar  emetic,  previous  to  bdng  alaoghtered. 

I  Levy,  Traits  d'Hygiine,  t.  ii.  p.  666 ;  reference  to  exptriiuents  of  Danger,  HavdiBf  i 
Chatin. 


decided  facta  ctn  tliis  jiomt ;  an<l,  3ff,  Of  seeing  tlmt  tLe  cf Kiking  is 
ghly  done.  But  animals  witb  small-pox,  Cyatictrci,  and  Trichinap, 
I  not  be  tLsed.  If  dire  necessity  compels  their  use,  then  the  emjiloyineBt 
pBftt  heat  in  a  baker's  oven  and  smoking,  if  it  can  be  nsed,  may  l&eseii 
l^ger.  If  such  things  can  he  got,  it  would  Im  well  to  try  the  effect  on 
pat  of  antiseptics,  especially  of  carbolic  acid,  which  destroys  low  animal 

Eit  certainty. 



ScB-SEcnoN  lY. — CooKmo  of  Meat. 


-The  loss  of  T^-ei^t  is  about  20  or  30  per  cent,  Bometimes  aa 
40*  If  it  m  wiflhod  to  retain  as  mEch  as  posible  of  the  salts  and 
B  subfftftnoee  in  the  meat,  the  piec«  should  he  left  large,  and  shoulrl  Vm 
id  into  bailing  water  for  five  minuter  to  coagulate  the  albimum.  After 
)B  heat  can  acaxcely  be  too  low.  The  temperature^  of  C4>agidation  of  the 
inoid  substances  differs  in  the  diffeixmt  constituents,  one  kind  of 
en  cos^gulates  at  as  low  a  heat  as  86"*  if  the  muscle  serum  he  very  acid  ; 
IT  albumen  coiigulates  at  113"  Fahi', ;  a  large  quantity  of  alhujiien 
ates  at  167",  the  hsematoglobulin  ctiagulatea  at  IdS^"  to  162\  billow 
temperature  the  meat  will  be  underdone.  If  the  temperature  is  kept 
170",  the  mu^ular  tissue  shrinks,  and  l>ec<^nne8  hard  and  indigestihle. 
•  recommcn^ls  a  temperatiin?  of  158°  to  160\  Most  mOitary  cooks 
Jr  too  great  a  heat :  the  meat  is  shrunken  and  hard.  In  boiling, 
Brdtate  of  ammDiiium  is  evolved,  with  odoriferous  compounds,  and  an 
b  aeetie  acid. 

I  ia  ilesired  to  make  good  broth,  the  meat  is  cut  HiuaU,  and  put  into  cold 
and  then  warmed  to  150";  beef  gives  the  weak ej^t  broth.  In  a  pint 
Ire  about  150  grains  of  organic  matter,  and  90  gniins  of  Halts.  Mutton 
is  a  Httle  stronger,  and  chicken  hroth  strongest  of  all  Ahont  82  per 
>f  the  salt«  of  beef  pass  into  the  broth^  \iz.,  all  the  chlorides,  and  most 
phosphates. 
th  made  without  heat^  by  the  addition  of  four  drops  of  hyibochloric 
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The  fat  often,  improperly,  IwctuneB  the  peR^uisite  of  the  cook,  and  majfel 
to  the  soldier.     The  loss  in  baking  is  nearly  the  same,  or  a  litU^  lesi* 

Stemng. — This  is  virtuaUy  the  same  as  roaeting,  only  the  meat  i*  cut  v^w 
continually  moistened  with  its  own  juices,  and  is  often  mixed  with  vegetalik 
Like  hciiling  and  roasting,  it  should  he  done  slowly  at  a  low  heat ;  Uio  ' 
then  is  about  20  per  cent.,  and  cliiefly  water. 

In  all  cases,  there  is  one  gnmd  rule,  viz.,  to  cook  the  meat  slowly,  and  i 
little  heat,  and,  as  far  as  possible,  to  let  the  loss  he  water  only.     Thd 
in  military  kitchens  has  been,  that  excessive  heat  ie  need,     I  have  freques 
seen  the  water  iKiilingj  and  the  men  have  told  me  that,  in  onler  to  Itoil 
vegetables,  and  yet  not  overtlo  the  meat,  they  are  obhged  to  remove  tb©  i 
for  a  time  from  the  water.     The  meat  is  then  oftt^n  a  sodden^  tast^leaa  i 
with  hanl,  shrunken,  and  indigestible  fil>res.     The  thermometer  will  be  fo 
very  useful,  especially  in  showuig  cooks  that  the  temperature  is  oft^n : 
higher  than  they  think     In  the  cooking  of  salt  meat,  the  heat  should  be  rwj  ] 
slowly  applied,  and  long  continued  ;  it  is  said  that  the  adflition  of  a  btlfc 
vinegar  softens  the  hard  sarcolemma,  and  it  is  certain  that  vinegar  m  an  agit- 
able condiiuent  to  take  with  salt  meat,  and  is  probably  very  usefiiL     It  intj 
be  of  iniftoitance  to  remember  this  in  time  of  war. 

In  cutting  up  meat,  there  is  a  loss  of  about  5  jMr  cent.,  and  there  is  aboa 
losa  from  bone,  so  that,  all  fbxluctions  being  made,  the  soldier  does  not  gd 
more  than  5  or  6  ounces  of  cooked  meat  out  of  12  ounces. 

The  large  quantity  of  flesh  extmct  contained  in  thc^  brine  can  b©  obtdani 
by  dialysis.  Place  the  filtered  brine  in  a  bladder  or  vessel  of  the  prppartd 
dialysis  parchment,  and  plac«  it  in  a  large  vessel  with  water ;  the  salt  diJitfo 
out,  leaving,  in  thrt^e  or  four  days,  the  extraet  behind  ;  from  two  galloiu  d 
brine  a  fluid  was  obtained,  which,  oji  evaporation,  yielded  1  lb  of  extraft 
CVMiitclaw,  Ofemicfd  Neim^  March  1864.)  The  liquid  left  in  the  dijdyiw 
may  be  mixed  with  flour,  and  then  forms  a  nutritious  meat-biscuit  (WhittJflir^ 
Instead  of  pure  water  in  the  outer  vessel,  salt  water  may  be  at  first  uanl 
An  air-liladder  will  do  as  a  dialyeer  if  the  parchment  caimot  be  obtouifid. 

Sub-Section  T.— Preskrvation  of  Mjsat* 

Meat  may  be  kept  for  some  time  by  simply  heating  the  out 
strongly,  so  as  to  coagulate  the  albumen  ;  or  by  placing  it  in  a  clo^  ve 
which  sulphur  ia  burnt,  or  by  covering  the  surface  with  charcoal,  or 
acetic  acid,  or  calcium  bisulphite?,  or  weak  carbolic  acicL  Injectiona  of  J 
and  abiminiuni  chloride  tlirough  the  vejisels  will  preserve  it  for  a  long  1 
water  shoubl  be  injected  first,  and  then  the  solution.  Even  common  nil  1 
ject4id  in  the  same  way  will  keep*  it  for  some  time.  So  also  will  free  expoon 
to  pure  air  ;  charcoal  thn:>wn  over  it,  and  suspended  also  in  the  air  ;  or  tb 
meat  being  cut  into  smaller  portions,  and  plaued  in  a  large  veaseif  heat  ahtmM 
be  applied,  and,  wliile  hot,  the  mouth  of  the  vessel  should  be  closed  tighi],Ti 
with  weD  washed  and  dried  cotton- wool ;  the  air  is  filtert^d,  and  partially  btd 
from  germs.     The  apphc^ition  of  sugar  to  the  surface  is  also  a  good  plak* 

Plans  of  this  kind  may  be  useful  to  medical  offic^irs  under  two 
stances,    viz.,   on   boai-d   sliip,    and   in   siegee,   when  it   is    of   imp 
to  preserA^e  every  portion  of  fot>il  as  long  as  possible.     The  covering  the  ^ 
surface  with  powdered  chiirc  i>a]  is  perhaps  as  convenient  as  any  plan,     A  < 
ing  of  parallin^  ami  many  other  plans  of  excluding  air,  are  also  uaed. 

*  Cold  i*  a  greiitpn»«T¥aiivi  of  meat  j  im  ice  it  can  he  preserved  for  an  unlimited  peiioil^ 
appeaUB  to  deeotnpoae  ver)'  mpidty  Id  thawing.  The  freah  meal  now  imported  m  laistlj  ^*j 
America  la  kept  at  a  tempuratare  abov«  the  freeziiig  piiut ;  about  38"?, 
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18  also  preserved  in  tin  cases,  either  simply  by  the  mm  pie  to  exclimioa 
{Appert*s  process),  or  by  partly  excluding  air,  and  destroying  the  oxygen 
'  remaining  part   by  sulphite   of  soiia  (MCjiU's  procejss).     It  is   not 

J  to  raise  the  he^t  so  high  in  thit*  time,  and  the  niesit  is  less  sapid* 
reparenl  in  either  way  has,  it  i»  said,  given  rise  to  diarrha^a,  hut  this  ia 
horn  bad  preparation  :  when  well  maDiiiactured  it  hiLH  not  tins  efiect. 
BO  chapti>r  on  Concentrated  Fooa) 

t  is  al»o  preserved  by  drawing  oflf  the  air  from  the  case,  and  substituting 
El  and  a  little  sulphurous  acid  (Jones  and  Trevithick'a  i>at<3nt),  or  the 
l>e  heat-ed  to  400''  or  500',  so  as  to  kill  all  germs  (Pasteur),  and  then 
3  to  flow  into  an  exhausted  tlasL* 

SECTION  IL 


WHEAT, 


Umiage$  tw  an  Article  of  Diei.^-lt  is  poor  in  water  and  rich  in  solids, 

Ire   very   nutritious  in   small  bulk  ;   when  the   two   outer  coats   are 

!©d^  the  whole  grain  is  digestible^    The  nitrogenous  substanees  are  large 

ieiJ,t  consifiting  of  soluble  albumen  (1  to  2  per  c^nit^}  and  ghit<^n  (8  to 

ceint ),  which  iteolf  consists  of  four  substances,  which  are  named  by 

IHsen^J  gluten-casein,  ghadin  (or  vegetable  gektino  or  glutin),  giuten- 

azid  mucedin.§     The  starchy  substances   (starch,  dextrin,  sugar)  are 


who  wish  trt  Bee  •  good  nccount  of  the  different  patents  for  tbe  preaervation  of  ment 
'  V  ■hould  refer  to  Dr  Lethe by*a  Cantor  Lectures  on  Food,  aellvered  before  the 
in  1800.    2d  edition,  1872. 
14  to  15  per  cent,  esjie^^lally  in  the  h&Td  whemts  of  Italy  and  Sicily,  which  are 
li  <Lethehy|. 

SwelMkoTpor  der  Oetreidearten,  von  Dt  H.  Ritthaiw^n,  1872. 

K  are  tbe  suhatanccs  found  by  Ritthauaen.    The   older  writefH  use  rather  difTcrcnt 

Acoondin^to  Ritthauften  {on.  cit  p.  31,  etseq  )  gluten-casein  is  insoluble  in  cold  spirit; 

iCrly  called  vegetable  flhmi,  but  was  not  obtained  pare  ;  it  form»  from  26  t<j  SI '4 

of  dry  glaten.    Gliadin,  gluten-fibrin,  and  niuee^lin^  are  soluble  in  spirit,  and  form 

ito  42  of  the  gluten  ;  fat  fa  mm  from  5  to  ft,  and  bran  and  starch  nuike  up  from  16  to 

;  there  is  a  large  remainder  of  loss. 

7%€  Compontiim  ofiht  rubstances  is  (Ritthausenj  p.  68)- 


Carhon, 

Hydrogen, 

Nitrogen, 

Oxvffen, 

Sufphu 


Cuela. 
25 '»4 
7-04 
1714 
21-92 
96 


GlladtQ. 
fi27ft 
710 
1801 
2137 
■85 


Mocedla. 

5411 

6fiO 

16-63 

21  48 

88 


niirtn. 
6431 

7-18 
16  89 
20  61 

1-01 


immt  of  nitfopien  in  the  flour  incTWwea  tolerably  regularly  with  tbe  (gluten.     A  portion 
I  ^ven  hy  Kittban'<en  (Die  Eiweiaakoiper,  p.  16>  will  ahow  the  amount  of  nitrogtU 
i  giat«n  has  been  determined. 

Welffht  of  fflut*  n  KLtrog«a 

per  cent.  per  cent. 


Wdghe  of  dry  glaum 

j>er  ci-nt. 

9*11 

9-54 

052 

8sa 

11-27 

10-41 
1245 

11  10 

1218 


Kitrofren 
per  cent. 

1*00 

1-62 

1-63 

168 

in 

175 

178 
1-94 


12*33 
12-33 
1264 

14-80 
15 '56 
13-85 
1188 

18^7 

17-00 


2-04 
2*05 
216 

243 

253 
2^ 
2-66 

276 


s  fi  not  perfectly  regular,  but  is  sufficient  to  prove  the  relation. 

nt  of  niirogeQ  in  the  dry  gluten  itself  is  JZ'M,  and  it  Tarie«  from  12'54  to 
Uttliaiiseii,  cp,  ciL  p.  16). 
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large,  60  to  70  per  cent,  and  are  easily  digeirted  ;  and,  accarding  to 
Moiiri68,  a  TiitTOjcn^nous  substance  (cerealin)  ia  contained  in  the  lull 
envelope,  which,  like  diftstas^,  acte  energetiadly  in  transforming  etarch  M 
dextrin,  sugar,  and  lactic  acid.  Some  consider  tliis  cerealin  to  be  mmHf  I 
form  of  diastase,  Cholesfcrine  is  found  in  wheat,  but  in  very  small  quaitfi^ 
(Kitthausen).     The  salts  are  chietly  phosphates  of  potash  and  xnagiieflim. 

DmidmiMuges, — It  is  deficient  in  fatj  and  in  vegetable  salts  whicb  Wif 
form  carbonates  in  the  system. 

As  usually  prepared,  the  grain  is  separated  into  flour  and  bran  ;  the  i 
Vieinj^  80  parts  of  flour,  16  of  bran,  and  4  of  loss.     The  flour  is  itself 
into  best  or  sujieriine,  secontls  or  middlings  pollards  or  thirds  or  bmi  1 
In  dlftereat  districts  dilferent  names  are  uaecL     The  wheats  of  commeiQei 
named  from  colour  or  coiuaist^nce  {hanl  or  soft) ;  the  hard  wheat  oont 
water,  leas  starch,  and  more  gluten  than  the  soft  whe^it 

SuD^ECfTiON  L — Wheat  Gaiixa. 

Tlie  medical  officer  wOl  seldom  be  caDed  on  to  examine  whail 
if  so,  the  following  points  should  be  attended  to.  The  grains  should  ] 
fiHed  out,  of  not  too  dark  a  colour  ;  the  furrow  should  not  be  t4x»  deepj 
should  be  no  smeli^  no  discoloration,  and  no  evidence  of  insects  or  f 
heavier  the  weight  the  better.  In  the  Belgian  army  the  minimuin 
77  kilograniuies  the  hectolitre.*  In  Englanti,  good  wheat  weighs  60  lb  to  i 
bushel  ;  light  wheat  58  lb  or  even  50  lb.  The  fungi,  if  pfieaeDty  w3|1 
be  found  at  the  roots  of  the  hairs,  and  if  in  small  amountj  are  onlj  miao^ 
scopic.  If  in  large  amount  they  cause  the  diseases  known  by  the  name  of 
rust,  bunt  or  smut,  or  dust  brand  ;  they  are  owing  to  species  of  Urodo  aiul 
Puccinia.  (See  FLoUB,t)  If  any  grains  are  seen  i*ierced  with  a  hole,  and  at 
examination  are  found  to  be  a  mere  shell,  with  all  the  starch  gone,  this  » 
owing  to  the  weevil,  and  the  little  insect  can  itself  be  found  readily  eoongli 
if  a  liiiudful  of  wheat  be  taken  and  spread  over  a  large  plate.  The  woeril 
can  hanlly  escape  being  seen.  (See  figs.  40  and  41,  p.  229,)  The  Aemm 
fannw  (see  p.  229)  may  also  prey  on  the  wheat  grain,  but  cannol  be  i 
without  a  microscope, 

Sub-Section  II.- — FlourJ 

Almost  all  the  bran  is  separated  from  the  finest  flour;  it  has  been  aqd 
whether  this  is  desirable,  as  the  bran  contains  nitrogenous  matter — asi 

•  Snuiilier,  Des  Siib«tBt,  Mil.  p.  37. 
f  Thi<  bmud  uf  wheat  and  other  cerealft  it  owinf^  to  the  Uredo  or  PiicdniJi,  the  vpteim  t 

silophUufH  f>r  sfiffium.    Eye,  m&use,  millet,  kc,  appea?  to  have  tlieir  own  tp^qieiL 

*  The  followiVig,  after  PeliKot  (meaii  of  H  atialyBes),  may  be  taken  *»  the  mmn  c  „, ^ 

of  floor.     The  aimlj-sea  of  Yon  Bibra  (Die  CretrcidBarttiti  und  da&  Brod,  1800)  9gno  Ttxf  ^mlj 
with  it 

Wheat  Flour  and  Bran.  In  100  parti. 

Flour.  Bran. 

Water,            ,       .         14  lOS 

Fatty  matters 1-2  2*«S 

Nitrpgenons  Buhfttanofts  insoluble  in  water  (dnten)^          12'8  10*81 

Nitrogenoun  anbsCaucefl  solnble  in  water  ^albumen))           1*8  1*44 

Non-nitrogeuom  soluble  substaacea  (dextrin,  sugar),          7*2  6*8 

Starcli,            ........          60-7  22 « 

Celhiluse,         ........           1-7  43981 

SalU, 16  2'52 

I  Thl«  Is  however  the  c«11a1c)p»o  €f  the  entire  RTAJn,  'bofh  of  tlifi  fr,  Interinr  of  tlie  | 

ashi  ]ilKHiphi»r(c  aci^t  ftnd  Ria^rneaU  iLr«  the  print  ipiil  in^rrt-di^nt^  thtf  emrtlii'  pihiM|[bi 

aipeelally  combined,  and  Lnduflnlte  proporUonfl^  nrkh  the  aihutatiKi:  >  <iad  &l«o  theffumail 

<Blbrft>.    Tlie  ALkjUlnofitiotptiMesarefrve.   Tbe  bran  conuin*  much  illicA.  Dademaoa  placis  liit« 

tower  (3A  to  30  per  cent),  and  the  salts  higher  (i  to  6  per  cent.). 
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letlniee  as  15  per  cent,  with  3'5  per  cent  of  fat,  aod  5 '7  per  c<?ni  of  siilte. 

\  3ut  if  the  bran^  is  used,  it  eeeras  probable  that  much  is  left  imdigeflted^  and 

rftll  tlie  nutiimeiit  which  is  contained  in  it  is  not  extracted.     A  plan  Iiuja  beeii 

i^  tinplojred  by  Mt^i^'e-Moiiri^s,  which  aeems  to  save  fdl  the  moHt  valuable  parfc§ 

»f I  fha  bran ;  the  two  or  three  outer  and  highly  fliliceous  enve!L)j»e«  of  the 

^^rlieat  are  detached,  and  the  fourth  or   iukTnal  envelope  Is   left     Several 

of  decorticating  whe^t  liave  been  proposed,  but  none  of  them  at  present 

kve  Biiperseded  the  old  system  of  grinding. 

If  the  whole  wheat  is  useil,  it  should  be  ground  very  line,  as  the  harder 

ivelopes  are  very  irritating,  and  it  is  well  to  remember  that  for  sick  persons 

any  bowel  complaints  bn^arl  must  l)e  iimhI  entirely  without  bran,     I  have 

id  dysenteries  most  intractable  merely  from  attention  not  being  ilirccted 

» this  simple  point 

Examinatioji  of  Flour  for  Quality  and  Adulteration, 

Flour   should   be  examined  physically,  microscopically,  chemically,  and 
pmcticiilly  by  mitking  bread- 
^'^     Tli'^  .|iifility  is  best  determined  by  chemical  examination  ^   adulterations  by 
^^    the  micr^  »4^o«  »pe. 

Physical  Examination, 

iSi^* — ^Tha  Btaich  should  be  quite  white,  or  with  the  very  sligUiert  till|^ 

jallow  ;  any  decided  yellow  inidicatefi  ctimmencing  changes  ;  the  amoniit  of 
bran  should  not  be  great 

Touch. — There  should  be  no  lumps,  or,  if  there  are,  they  should  at  once 
break  dowD  on  slight  pressure  ;  there  must  be  no  grittinesa,  which  shows  that 
the  dtorch  grains  are  changing,  and  adhering  too  strongly  to  each  other,  and 
will  give  on  acid  bread.  There  should,  however,  be  a  cert^iin  amount  of 
nilheflion  when  a  handful  of  flour  is  compressed,  and  if  thrown  against  a  wall 
or  board  some  of  the  Hour  ahoidd  adhera  Wlmn  made  into  a  paste  with 
water,  the  dough  mtist  be  coherent,  and  draw  out  easily  into  strings. 

Togte. — The  taste  must  not  be  acid,  though  the  best  tlouris  slightly  acid  to 
Kper.  An  acid  taste,  showing  lactic  or  acetic  acids,  is  sure  to  ^v^  an 
bread. 

SmeiL — ^Tbero  must  bo  no  smell  of  fermentation  or  mouldiness. 

Jkge  of  flour  is  shown  by  colour,  grittiness,  and  acidity. 

Chemical  Exajiiuiaiion. 

It  is  seldom  tljat  a  medical  officer  will  be  able  to  go  through  a  complete 
ination,  but  he  should  always  tleterrnine  the  following  points  : — 

1.  Anwant  of  RWtr.— Weigh  1  gramme,  spread  it  out  on  a  dish,  and  dry 
ther  by  a  water  bath  or  in  a  hot-air  bath  or  oven,  the  temperature  not  l>eing 

owed  to  go  above  200^     The  Ho  or  must  not  be  at  all  burnt  or  luuch 

in   colour*     Weigh  directly  the   fiour  is  coldj  the  loss  m  the 

of  water. 

le  range  of  water  is  from  10  (in  the  best  dried  thnirs)  to  18  in  the  worst 

The  more  water  the  gre^t<3r  liability  of  chimgc  iu  the  Hour,  and,  of  course,  the 

leas  ia  tha  amount  of  nutriiDent  purchaat^d  in  a  given  weight     If,  then,  the 

water  be  over  18  per  c^t^nt,  the  Hour  should  lie  rejected  ;  if  over  16,  it  should 

be  unfavourably  spttken  of. 

2.  Arnuujii  of  Gluten, — Weigh  10  grammes  (or  100  grains,  if  there  are  no 
gramme  weights),  and  mix,  by  meuns  of  a  glass  rod,  with  a  little  water,  so  as 
t*3  make  a  well-mixed  dough;  let  it  stand  for  quarter  of  an  hour  in  an 
evaporating  dish;  then  pour  a  little  watt^r  on  it ;  work  it  about  with  the  rod, 
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and  carefully  waeli  off  the  etarcli ;  pour  oft  from  time  to  time  tbe  stuck 
into  another  vessel     After  a  time,  the  ghiten  b<?comes  so  cohercni.,  t^i 
may  be  taken  in  the  fingers  ami  worked  about  in  water,  the  water  beinf 
time  to  time  ]>t>ured  off  till  it  conies  off  quite  colourless.      If  there  ii  nci 
to  dry  the  glutoa,  then  weigh  j   the  dry  gluten  is  rather  more  than  oot^i 
the  weight  of  the  moist:    1  to  2^9  is  the  usual  proportion  ;   tlieidcne  ^* 
the  weight  of  the  moist  gluten  by  2^9.     II  there  be   time,  dry  the  gli»  ■ 
thorotitrhly,  and  weigh  ii     This  is  best  done  by  spreading  it  out  on  aenn^H 
lid  and  tlryiiig  it  in  the  batk    The  dry  gluten  ranges  from  8  to  12  per  cr: 
flour  shoiiiil  l>e  rejfCkMl  in  which  it  fulls  below  8,      If  there  is  iiiiaailsr:i 
often  apparently  increjises  the  amouut  of  gluten  by  adlienng  to  ity  a&d 
be  eepamted  if  poasiblo  ;  in  fact,  the  gluten,  m  ^us  obtained,  u  nerm} 
but  aJwHVs  contains  some  bran,  starch,  and  fat^     The  gluten  should  be 
to  1»o  drjiwn  out  into  long  threads  ;  the  more  extensible   it  is  the  hettei  B 
is  always  well  to  make  two  determinationa  of  gluten,  especially  il  them  ifCf 
disputed  question  of  qumlity.* 

3.  Amoiud  (>/^.s/?,— Take  10  grammes, t  pnt  into  a  porcelain  or  pkbei 
crucible,  and  incinerate  to  white  ask  Weigh.  The  ash  should  not  be  mm 
thiin  2  per  cent,  or  probably  i^ome  mineral  suhstancee  bare  been  addid;! 
should  not  be  less  than  *8,  or  the  flour  is  too  poor  in  salts. 

The  inemeration  of  the  flour  n^qiiires  a  cnicible  and  gas.  It  is  difficsk^ 
do  it  over  a  spirit  lamp,  as  it  tiikes  a  long  time.  A  small  cbaroool  fire  u  p^ 
bably  the  best  plan  w^hen  giis  appliances  are  wanting. 

If  the  ash  be  more  than  2  per  cent.,  add  hydn>chloric  acid,  and  see  if  Htm 
l>e  effervescence  (magnesium  or  calcium  carbonate).  Dissolve,  and  tost  mk 
oxalate  of  ammonium,  and  then  for  magne^isi,  in  the  same  "way  as  in  »*6«t 
As  flour  contains  lioth  lime  and  magnesLi,  to  prove  adulteration,  the  ppo* 
ammint  of  lime  and  magnesia  must  be  deti^^rmined  by  weighing  the  tnrnirtiiri 
calcium  oxalate,  or  the  magnesium  pyp:»phosphate 

If  there  is  no  eff'ervescence,  add  water,  and  test  for  sulphuric  arid  and  litti 
to  see  if  calcium  sulphate  (plaster  of  Park)  has  been  added.      In  uomiil  11*J^( 
the  amount  of  sulphuric  acid  is  very  small- 
Notice,  also,  if  the  ash  be  red  (from  ir<^^jn).     If  clay  has  been  addfid,  iiw€ 
be  left  undissolved  by  acids  anil  water. 

If  magnesium  carbonate  has  been  added,  the  ash  is  light^  and  posotftiai 
bulky  (Hassall), 

An  easy  mode  of  detecting  large  quantities  of  added  mineral  suhataner*  • 
given  by  Eedte.nbacher  ;  the  flour  is  strongly  shaken  M'ith  chJotoform  ;  tb 
flour  floats,  whOe  all  foreign  mineral  substances  fall  This  is  a  very  vaisL 
test..  X 

If  the  water  be  small,  the  gluten  large,  and  the  salts  in  good  quantity^  t^ 
flour  is  good,  supposing  notldng  is  detected  on  microscopical  e: 
But  in  all  cases  it  is  w^ell,  if  time  can  be  spared,  to  have  a  loaf  made. 

Pradioil  I'ettt  bt/  Baking, — Make  a  loaf,  and  see  if  it  is  acid  when 
and  bow  soon  it  becomes  bo  ;  if  the  colour  is  good,  and  the  rising  satulacloij^j 


*  Mr.  WjLiiklyD  hw  proposed  to  utiUse  the  al^niminold  nmmQuUi  ptX)oess  ior  dotenniiiil  I 
gluten,  reckoninp  that  lOO  part*  of  ftour  yield  1  "2  of  ammonia, 

f  If  only  a  smuM  cnieibk  he  employed  a  smaller  mi&niity  should  he  taken,  as  It  Uf  c 
to  iTieineraii^ ;  with  a  mo<krat«!y  (^oo<l  halaiic«,  2  or  3  gn^mmea  may  be  uaed. 

X  The  remftining  ingredients  can  be  determined,  if  jieccs«Ary»  from  the  stmreh  i 

is  ■etdom  necvRAary  to  do  bo.     Atlaw  the  starch  to  iuhside,  pciiiroir  the  fluid,  «ad  i 
■Jbarch  hy  decantntion,  then  dr)'  and  wtigh  ;  take  all  tht  wtder  and  wajhingH,  «Y«pi 
■mail  bulk,  mid  &  little  nitric  acid^  and  boil :  alUumeit  is  thrown  down  ;  collect,  ^ 
weigh.     Evaporate  the  whole  of  tho  remainder  to  dryness,  and  weigh  (muced  ( 
•ugar). 
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OU  and  fhitigiTig  floar  does  not  rise  well,  gives  a  yeUowisb  cciIout  to  the 
htm^  ami  ipeedily  becomes  scitL  Excess  of  aciditj  can  be  detected  by 
kokUng  a  pteoe  of  biead  in  the  mouth  for  some  time,  as  well  as  by  test- 

Teft/or  Ergot, — ^There  is  no  veiy  good  test  for  ergot  wben  it  is  ground  np 
with  the  flour,  Laneau's  plan  is  to  make  a  paste  with  a  weak  alkaline  solu- 
tlQll ;  to  add  dilute  nithc  acid  to  alight  excess,  and  then  alkali  to  ueutmlif^a- 
tloci ;  a  rioletr-red  colour  is  said  to  be  given  if  ergot  is  pre^f*nt,  which  becomes 
rcisT-Ted  when  more  nitric  acid  is  added,  and  violet  when  silkaJi  is  added. 

NVitlateiii  conaideis  this  method  imperfect,  and  prefers  trusting  to  the 
peeitliar  odour  of  propylamine  (berrtug-like  amell),  developed  by  liquor  potassje 
in  ogotod  flour.     I  have  no  experience  of  this  point 

Mieroifcopical  Examinatimi, 

Thia  ia  eapadally  directed  to  determine  the  relative  amount  of  flour  and 

braiv  tli0  pgeaence  of  fungi  or  acaii,  or  the  fact  of  adulteration  by  other  grains. 

Shrmcshsrt  of  the   Wheat  Graiiu* — ^It  is  necessary  to  refer  briefly  to  the 


*    f|§,  30.— Tyiosrerve  St»ction  of  Earelopes  of  Wlieat     Scale  lOOOth  of  an  mclu 


of  the  grain  of  wheat,  as  this^  of  course,  must  be  thoroughly 
imderatood. 

Hiere  are  four  envelopes  (some  authors  make  three,  others  five  or  six — the 


I     '     I    *    >     t    4    I 


Fif.  31.-^&iTelop«  of  Wheat  (lot^tttdiual  B«etion).    Scale  lOOOth  of  *ti  ineh« 

eoai  being  divided  into  two  or  three),  surrounding  a  fine  and  very  loose 
ttasoe  of  cellulose  filled  with  starch  grains, 
Wmcdopet  of  Wheat, — ^Tbe  drawings  show  the  coats  in  mtu,  cut  transversely 


or  any  nth  eh-  cafeftl  graint,  ft  li  neceiaary  to  prepare  thmn  before- 
for  aoiM  time  m  water.     It  will  then  he  round  eaay  to  demotutrnte  the 
m.     By  nteaiu  o(  a  aet^dle  and  a  pair  of  finn  forc«p«  the  itiffereDt  coata  can  be 
iweafi'iiii  foinetiiDOi  quite  teparately,  but  generally  mttm  or  less  In  oomhtnaLtnm. 
tt*  «Ali9  Qtm  tliat  pvttenU  «tiy  difficultv  U  the  third  coat  of  wheat  or  barley,  but  generally  it 
cn  IwflMad  aeoooi^Qjriiig  tlie  secooa  or  fourth  coat&     In  the  ca^  of  barle^r,  the  proper 


^  »  of  llie  gmn  novuetliiiM  adbeirBa  to  the  interior  of  the  hxtak,  where  it  ought 

!•  ia  iMliai  Ibf  la  tlM  Cffiat  of  ili  aol  being  on  the  eurfaoe  ef  the  rram  tteelf.  After  examin* 
hm  tkm  Mparate  rnati,  laetioiu  may  be  made  of  the  whole  f?niu,  »o  ae  to  see  the  Atnieturee  m 
■m.  tiM  kaJM  mm  setieraJly  found  in  a  Ttuoch  at  the  end  of  the  grain.  The  starch  grr«in» 
ftra  %«|  teaMlntM  by  picking  out  a  little  from  the  centre  of  the  i^raiii:  mixed  glycerine 
'        '*     I  for  demonstration. 
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and  longitudiBally,  also  the  separate  coate.  The  outer  coat  ia  ma^  i 
or  throe  layers  of  long  cells,  with  slightly  beaded  waUa,  ranning  in  1 
tion  of  the  axis  of  the  gi^in.     The  septa  are  straight  ar  oblique,  anil 


Tig.  32.— Outer  Cant  md  Hain  of  Wbeat    Scile  lOOth  af  mn  iiu^ 

"be  ieen,  the  cells  differ  in  length  and  hreadtlL     The  aize  can  ba  tftken  bf 
aoale.     The  hairs  are  attached  to  tliia  coat,  and  are  prolotigatioiiif 
the  cells*     In  the  finest  Hour  the  hairs  and  bitd  of  this  ccMkt  (as 
other  c<mt«a)  can  be  fouij<L 


^ 


-^. 


Fi^.  83.— Out«r  Oott  and  Hairn  of  Wheal    Seal*  lOOOth  of  an  iadt. 

I'he  second  coat,  counting  from  without,  is  composed  of  a  layer  of  «horV 
cells,  more  regular  in  size,  with  slightly  rounded  ends  and  beaded  walU,  ax^J 
lying  at  right  angles  to  the  hrst  coat,  or  across  the  axis  of  the  grain.  Ill 
impossible  to  mistake  it  Tlie  thiril  coat  is  a  delicate  diaphanous^  iln 
hyaline  membrane,  so  fine  that  its  existence  was  formerly  doubted,  ft 
Miiddox,  however,  has  distinctly  shown  it  to  have  faint  linea  crossiagflasi 
other  diagonally  as  seen  in  the  drawing,  which  may  be  cells.  With  a  litlfe  ta^ 
it  is  very  easily  demonstmted  In  the  transverse  eection  of  the  envelopi  b 
appears  as  a  thin  white  line.     Internal,  again,  to  this  coat  what  appt^s  Ivli 
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moothm  ecMii  can  sometimes  be  made  out  ;  it  is  a  very  iim  mumbmne,  niiirkeil 
ivitti  wiA^  wspanted  corred  lines,  which  look  like  tka  outlines  of  large  ruuiid 
or  0fll  eeUk     Tbo  internal  or  fourth  coat,  aa  it  is  usually  calkd^  is  composed 


f%*  ai— Secood  and  Third  EnTelope*  of  Wheat    Scale  1000th  of  an  inch. 

of  one  or  two  layers  (in  places)  of  rounded  or  squariah  cells  filled  vri\h  a  dork 
anbilaoct  which  cnn  bo  emptied  from  the  ceils*  When  the  cells  are  empty, 
ihj/  hare  a  remote  rosemblaace  to  the  areolar  tiasuu  of  the  legumitios[e,  and 


m 


fig,  ISl— Foarth  Eorelope  of  Wheat. 
'  ( l#00th  of  an  inch. 


Fig.  36.— Freah  Storch-gnUitB  of  ';Vlioat  (tnoisteaod 


there  ii  little  doubt  that  from  this  cause  adulteration  with  pea  or  beati  has 
bam  somiolimes  improperly  asserted 

T9m  SUtrth  Grairis  of  wheat  are  verj'  variable  in  size^  the  smallest  being 
ihiKMl  iBfire  points,  the  lai^est  yinnfth  of  an  inch  in  diameter  or  larger.  In 
ibape  the  miUeit  are  round ;  the  largest  round,  oval,  or  lenticulJU^     It  had 
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been  well  noticed  by  Haseall  that  there  is  often  a  mngoliir  waitt  ol  iri> 
mediate-sued  grains.  The  hilnm,  when  it  can  be  seen»  ib  oentnd,  lbs  a« 
centric  lines  are  perceived  with  difficnlty,  and  only  in  a  smull  ntimbei;  tb 


Fig.  37— Dri«d  and  tben  moistened  BtaTch-grmios  of  Wheat.    Scale  lOOOtli  of  m  ixn^ 

edge  of  the  grain  is  sometimeB  turned  over  so  as  to  cause  tbie  appeaZBD»o£l 
slight  furrow  or  line  along  the  grain.  Very  weak  liquor  potassn  causei  \  ' 
ewellingB ;  strong  liquor  potaasa  bulges  them  out,  and   eyentuaUy 


t 


Fig.  38.— Bi»e*aed  Flour  (PucGuiiA^ 


them.     There  is  no  difficulty  in  seeing  if  the  pieces  of  envelopes  iiit  to 
numerous,  but  it  should  be  remembered  the  he^t  flour  contains  some. 

Diseases  of  Flour. 

Fungi — Several  fungi  are  found  in  whent-flour.  The  most  conmMm  tap 
13  a  species  of  Puccini  a.  It  is  eaaily  recognised  by  its  round  dark  sporaacJ^ 
wliitih  are  either  contoured  with  a  double  line,  or  are  covonsd  with  Uttle  p^' 
jections.  It  is  said  not  to  be  injuriows  by  8<5me,  but  this  is  VBry  douhtful 
111*?  sjTDptoma  have  not  been  weU  descrilxnl. 

The  smut,  or  carieSj  is  also  a  species  of  Puccinia ;  has  large  gporulei  la^ 
gives  a  disagreeable  smeJl  to  the  flour,  and  a  bluish  colour  to  Uie  bread,  li 
is  said  to  produce  diarrhoea. 

AcuruiL^The  Amrus  fariruz  in  by  no  means  uncommon  in  inferior  ftw 
especiallj  if  it  is  damp.     It  does  not  necessarily  indicate?  that  legumiiicniiii 
are  present,  as  stated.     It  is  no  doabt  introduced  fitjm  the  grain  ia  the  mill 
as  I  have  foimd  it  adliering  to  the  grain  itself.     It  is  at  ojqc«  xoooglUi 
Portions  of  the  skin  are  also  sometimes  found, 

Vibrionei, — These  form   for  the  most  part   in  flour  whicli  has  gODC  to 
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mo  ciecomposition,  and  which  is  moist  and  becoming  ditcolcmred.     They 
,ot  be  miatakeiu 


F%.  89,— ^<am*  Jkrinmin  85  diiiiietwt).— Mitw  foimd  in  flour  alive.  In  the  laiigest 
fi^nnsfl^  tlw  iBiaeto  ato  ooiindiirmb]/  oompreMed,  to  show  the  powerful  matidibleA,  and  hav« 
dusli  a  Tentfml  upeet  In  th«  innalleit  and  middle-aixed  tndect.  we  ]mve  drawn  the  dorsal 
Aspect ;  tlw  foTDer  ool^r  pofsessei  eix  Ings,  as  before  the  fimt  moult ;  seveml  ova  lie  aGatteretl 
In  %hm  ft«ld  of  TMW.     It  it  mnluiown  wb&t  office  the  capsular  organs  fulilJ.     They  are  well  aeen 

t  each  ode  of  the  largest  figare. 

'  ptBSe&ce  of  Acari  always  shows  thftt  th^  flom-  is  beginmng  to  change. 
"  I  acartis  may  occasionally  be  found  in  good  flour^  but  even  one  should 
r  looked  on  with  suspicion,  and  the  flour  should  be  af terwaixla  frequently 
nined  to  see  if  they  are  iEcreasing. 


-Weevil    Magnified  12  diamettfA. 

,  granaria),^ — The  weevil  is  of  ^course  at  once  detected.     It 
rto  common  in  Eour  as  m  com. 
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J^/i€*f^ta.— The  larva  of  the  rnolh,  wMcb  feeda  on  ooooa^^^^^, 
has  sometimes  caused  grea;t  mvages  in  ^our  and  in  biacuita.     At  Corfc  wi  I 
Gibraltar  many  tons  of  biscuit  have  hecn  rendered  naeless  by  this  larTa,wb&  ] 
appears  to  have  been  introduced  from  the  cocoa  stored  for  the  fleet* 

AduHeraiions  of  Wlieai-Flottr. 

At  present  there  is  very  little  adiilteration  of  wheat-flotir  in  this 
but  with  rising  prices  the  case  may  be  different     Abroad,  adultaiutioo  if  p^l 
bably  more  common,  and  the  medical  officer  must  be  prepared  to  invwtigtft| 
the  point 

The  chief  adulterations  are  by  the  flour  of  other  grains,  rit : — 

Barley,  Rice, 

Potato,         Buckwhefttj 
Beans  and    ^Iillct» 

pess.         Linseed, 
Maize,  ^lelampy- 

Oat,  rum. 

Rye,  Lolium, 

and  other  grains  noticed  faitha 
All  these  are  best  detected  hr 
microscope. 

Other  adudteratioiis  aze  by 
substances,  vii  : — 

Alum,  Powdered  flint, 

Gypsum^       Calcium  and  mmh  ' 
Clay,  siuxu  carhooati^ 

TJiese  are  hmt  detected  by  dMB)- 
cad  examination.    (For  the  < 
of  alum,  see  the  chapter  on  J 


m  wm* 
cottUtxHl 


Pig.  42-— Barley— Longitudinal  Section. 
■    Scale  18  the  aame  &«  that  of  th«  Starch-graiiu. 

Detection  of  Barley. — This  is  not  easYj  but  can,  with  care,  be  often  dnofe 
The,  enveloiies  of  barlei^  are  the  same  in  number  as  those  of  wheat,  but  iht} 
are  more  delicate.     The  outer  coat  bn«  threes  layers  of  cells  ;   the  walk  €C  i 
external  layer  an?  beautifully  waved,  but  not  beaded ;  the   cells  are 
than  those  of  the  outer  coat  of  wheat     The  second  coat,  dispoeed  of  all  ^ 
angle-8  to  the  first,  as  in  whca.t,  is  like  the  second  coat  of  "^heaty  except ; 
being  more  delicate  and  not  beaded.     The  third  is  hyaline   and 
as  in  wheat     The  fourth  baa  the  cells  siinilar  in  shape  to   the  cor 
wheat  coat,  but  they  are  very  much  smaller,  aa  may  be  seen  on  referesuBl 
the  ecak,  and  there  are  two,  or  oft-en  three,  layers. 

The  darch  gmhis  of  barley  are  very  like  the  wheat,  with  a  central  bila 

*  Professor  Huiley  liaa  kindly  given  me  flome  interesting  detailB.    The  1ju*ra  of  the  Efi 
eluteUa  (or  '*  chfxiolate  moth  '*)   is  amnll,  and  la  nevflr  more  tbim   half  an  indi 
femAle  ntDths  fly  ut  night  in  swarms,  iind  lny  their  figgs  on  the  hiacuits  or  the  piuid 
hold  theni.     The  \nx\m  are  fioon  hatched,  and  by  meuui  of  strong  jaws  and  actiTe  L^, 
and  bore  tTieir  way  thronch  creiricea  ;  they  eat  the  biscuit »  and  spoil  raore  than  tbej  i 
spinning  their  webs  over  the  biscuit.     Cocoa  stores  swarm  with  the  motlia  and  lame^  uul  I 
«ven  penetrated  into  many  parts  of  H.M.S.  "  Hercules.'* 

After  examining  Into  the  ravages   caused  by  these  Itrvs  in  the  biscait  at  GibraJtsf* 
Haxler  made  the  following  suggeations  :— 

1.  To  have  no  cocoa  stored  in  any  place  in  which  biscuits  are  manufactured. 

2.  To  head  up  all  biflcuit  puncheons  as  8oon  as  they  are  full  of  the  freshly-baked  HaeoJt 

3.  Coat  punc neons  with  tar  aft^r  they  are  hejided  up,  or  at  leaat  work  lime  wiab  iiefl  ■ 
all  the  joints  and  cre^kes. 

4.  Line  the  breod-ntonis  of  ships  with  tiu,  so  that  if  the  Ephestia  haa  got  into  a  pea 
it  may  not  get  inta  the  rest  of  the  ship. 

5.  If  other  means  failj  expose  woodwork  of  pimcheoiu  to  a  heat  of  200"  Fahr.  for  twD  I 
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obtcim  smid]^  Imt  tiro  on  the  wliole  smaller ;  some  have  thickened 
of  the  thin  edges  of  the  wheat-etarch  grain,  but  it  is  very 


0«br  CteS  «ii^  H«in  of  Bsrley  (low  power). 


Fig,  44. 
Oufcer  Co&t  of  Barley  (higher  power). 

eometimes  impoesilile  to   difltinguish   ihcin.     It   la  thereiore 
Ij  to  the  envelopes  that  we  must  attend. 


Fig,  45,— B&rley  (geco&d  and  thiid  O04t«). 

of  Potato  5'^arr?i. —Thia  is  a  matter  of  no  difficidty  ;  the  starch 
^  of  being  round  or  oval,  and  with  a  central  hilum  and  obscure 
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rings,  are  pyTiform^  with  an  eccentric  hilum  placed  at  tbe  anulkr  ca4fli| 
with  well-marked    concentric    rings.     Weak    liquor  potaasK    (I  dwp  i1 


1  QOO 

Fig,  46.— Bju-luy  (fourth  ooat). 


Fig.  I7.—Btrl€y  (Starch -gTsloB). 


phamuicopceial  liq.  pot.  to  10  of  water)  a  wells  them  out  ■rrr-.--.*u- 
while  wliGatr^tarch  is  little  affetitetl  hy  this  strength  ;  if  tL 
(as  in  the  figtire),  the  swelling  is  very  rapid. 


Fig.  48,— Potato  SUwli  x  2S5. 
See  mlflo  Pkte  of  Starcheft. 


Fig,  49.  —Medium  and  «inillniMd  Folit»i 
griins,  tf«*tod  with  Liq.  Pot,  Ph.  1 
ihiTtX  part  atid  x  285, 


Ddectkm  of  Maize  (Lid km  Com).— Them  are  two  envelopea  ;  the  aut« 
being  made  up  of  seven  or  eight  fitrata  of  cella  ;  there  is  no  tranaTQcrae  mosoA 
coat^  as  in  wheat  *  the  internal  coat  confiiets  of  a  single  stratum  of  cdk  liki 
the  fourth  of  wheat,  but  less  regular  in  shape  and  aiie.  The  Gellalofle»  ^tmm^ 
thd  0oed  holding  the  starch  in  its  meshes,  forms  a  very  characterifitie  atrufltilHb 
whldi  on  section  looks  like  a  pavement  made  of  triangular  or  sqtiaie  piseei ; 
the  cella  are  fiUed  with  the  stareh-grains,  which  are  very  sznal]^  ai 
compressed,  so  as  to  bave  facets.  They  are  very  different  from  the  smootk 
uncompressed  round  celi^  of  wheat 
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liU  of  cellulose,  with  its  peculiar  angular  markings,  are  always  found  if  the 
I  ifl  adulterated  with  maize. 


*in9 

00.— IndiMn-Com  Flour.    S©e  aUo 
Plttto  of  Starches. 


Celliiloseof  lad mQ  Corn  x  50O,  with  mark- 
it!  f^s  from  tlie  itarc] 
cellular  merubrane. 


itifcs  from  tlie  itarch-gralm  ou  the  inters 


LongitadiDAl  aectioQ  of  Coats  of  Indj&ii  Com  miA  Ccnuiose  x  190, 

,  of  Bean  ctnd  Pea, — ^Theae  adulterations  are  alao  at  onoe  discsovered  ; 
ht  mabfifl  of  ceUulose  are  very  much  larger  than  those  of  the  fourth  coat  of 
rbeat^  with  which  it  ha&  sometimcis  been  confounded,  and  the  starch-gmina 
Lf«  ml0O  quite  different ;  they  are  oval  or  renif onn,  or  with  one  end  slightly 
arger;  they  have  no  clear  hilum  or  rings,  but  many  have  a  deep  central  longi- 
tudinal cleft  running  in  the  longer  axis,  and  occupying  two- thirds  or  three- 
fourths  of  the  length,  but  never  reaching  completely  to  the  end  ;  this  cleft  is 
loroetiines  a  line,  eomotimes  almoet  a  cimsm,  and  occaaionolly  secondaxy  ckits 
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aM» 


Fif?.  62.— Bean  StarcTi. 

ifl  seen  more  clearly.  Pea  flour  m  nevt?r  a<ldecl  to  a  greater  extent  tbjui  4  pt 
cent,  aa  it  makoa  tlie  l>read  heavy  and  dark.  If  the  flour  be  mixed  witJii 
little  boiling  water,  the  smell  of  the  pea  or  hean  ia  perceptible.^ 


Fig.  63.— Pea  Floor* 

Ddtciion  of  Oti^.— There  are  two  or  three  envelopes ;  the  outer  ion^tutijnri 
cells  ;  the  second  ohliquely  transverse,  and  not  very  clearly  seen  j  tha  oelbiii 


*  A  chemicml  test  baa  been  given  hy  Dcrnnd  to  detect  admixture  of  giLrdeii  htMtL  Th 
powd«r  1b  ■me&rad  rotind  the  iti»ide  of  a  RTimn  vessel ;  at  tb«  bottom  of  the  ▼f«i«J  littt  tf 
dghi  drops  of  nitric  acid  are  allowed  to  fall^  ntid  are  evaporated  by  lueaiiA  of  •  limp  t^ 
veuel  being  partly  c?oveTed  to  prevent  too  rapid  evaporation  ;  when  the  flour  kw  p^rbT 
become  brown,  a  few  drops  of  anrnionia  art!  put  in  tbe  capnle,  and  left  to  sporatancoa*  i 
tion.     A  beatitifui  red  colour  forms  about  tlie  centre  of  the  flour  whera  the  action  eCf 


acid  h.9B  been  ueitbcsr  too  strong  nor  too  feeble.     A  laoj  will  pick  out  at  ocioe  th«  red  poiiii^ 
the  bean  flour.     This  re/iction  niti^t  be  marked  to  be  of  any  value.*    Sei^eral  cfther  UtAi  If" 


f\ 


givecii,  but  are  imperfect  and  really  unne^saaiy,  for  tbe  micraecopic  eharactm  I9 
tufflcieut^ 

*  Stfti  hurirea  beti  whtch  Mppear  lo  grcatif  Jctieci  Jti  fulne.^SquUlUirf  Iht  8mkttti,MilLf^9k 
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iixBg  in  parte,  or  pasa  iulo  the  cells  of  the  third  coat ;   the  third  a  layer, 
~ly  single,  of  celk  like  wheat.     The  huak  must  he  detached  b^foro  the 


^  54.— White  0»l— Long.  »&ct,  2d  iind  Sd*coat«  n^t  separable,    a  Compound  graiiii  x  lOO, 

6  One  do.  x  GOO. 

I  are  looked  for.  Hie  Btarchn^^Us  are  emaH  many-fiideil,  and  ctihpre 
ito  compoaite  round  bodies,  which  are  very  characteriatic,  and  which  can  he 
roken  down  into  the  separat'e  grains 


Y  pressure.  A  liigh  power  is  the 
set  lor  thiB,  The  oat  etarch  doe^ 
ot  polarise  light  Tliere  Ls  no 
Lfficulty  iu  the  detectit^n  of  the 
iarch  gmina. 

^Detection  of  Bice.^—Tht*  husk  of 
is  very  peculiar ;  on  the  outer 
are  numerous  siliceoua  granulea, 
lADged  in  longitudinal  and  ttana- 
ridges  (tigs.  56  and  57)  (a). 
lere  aro  numerous  hairs,  some  of 
ich  are  seaterl  over  stomata.  Be- 
this  is  a  membrane  of  transverse 
lon^tudinal  rough-edged  fibres 
c),  whilo  Mow  these  again  is  a  fine 
Bnbrane  of  transverse  angular  c^^IIb 
covering  a  very  deHcato  mora- 
of  large  cells.  The  starch  cor- 
are   very  small,  (fig.    55)  ; 


0    &P'''' 
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.il>>^ 


^ 
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Fig.  65.— Grottnd  Rice  Flour  x  350  ; 
under  low  powers ;  under  high  powers  they  are  seen  to  be  facetted  and 
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compressed,     lliey  cannot  be  mistaken  for  the  round  csells  of  wbeat^  Imt  i 
be  confound&d  with  oat  starch,  from  which,  however,  they  are  disti 
by  the  absence  of  the  compound  a41s  or  glomeruli*     Their  shape  iatlhi 
httle  like  mabe,  but  they  are  yeiy  much  smaller. 


Tig,  56.— Ric«  X  170.  '  •^        Fig.  57. 

Fig.  56.  Tmiflverfle  section  of  the  Hiak  of  Rice^      .        ,        ,        .        .        .         I  it  111 
Fig,  57.  Api^earancfl  of  Husk  an  seen  in  a  tratisiiajent  medlmn  of  glyoeiiiiA  ami  gum,  | 
a,  Siliceous  gmuuleai  amiDged  in  tougltudinal  and  tTauavene  ridget,  perfonrtcd  t 

stomata.  aonie  baviua  baits  seated  over  thfim.     b  c^  Traiisveis«  and  longitudinal,  1 , 

edged  ftbrtsa.    d^  A  nne  metubmue  of  tmiis verse  angular  cells ;  tbese  overlie  a  mj  i 
merobnuie  of  laige  celh  e, 

Detedion  of  Rye, — ^The  envelopes  are  very  like  those  of  wheat,  and  c«i 
Ijcrhaps  he  hardly  distinguijhed.     The  Kcent  starch  grains  are  also  extraffidlf 
hke  those  of  wheat,  but  the  older  and  drier  l 
have  sometimes  a  peculiar  rayed  hilimL     I  lliii 
seen  this,  however,  in  very  old  wheati  bat 
to  the  same  extent  as  in  ije. 

Eye,    if   in   any   quantity,    is   rliseovend 
baking ;  it  makes  a  dark,  acid  bread. 

Linseed  is  not  a  common  adulterant  T^* 
envelopes  are  peculiar :  tlM  eztemftl  is  made  up 
of  hexagonal  cells,  containing  oil ;  the  eeootid  at 
Totrnd  ceils;  the  third  of  hhrest  and  the  txmA 
of  angular  cells,  containing  a  dark  reddish  ooloiff- 
Ing  matter, 

Buektffheat  (Polygonum   Fagopyruin,   or  EigO' 

TiA,  68.— Rye-Btarch.  witb  myed  pyrum  esculentmn), — Like  rye,  thia  is  only  KkilT 
t.i!um|aflerHa«aU)xm      ^^  ^    j^^^    ^  ^^^^  ^^^^  ^^^    ^^^  ^^ 

The  tlrawing  sufficiently  shows  the  texture  of  the  envelopes,  which  is  wij 
compUcatiKl  The  storch-gmins  are  small  and  round^  and  adhere  togeHutlB 


59-  — Ryv— 1.  TntiATerae  &ectioa  of  T««ta,  kc^  x  108  ;  2.  Coat^i  in  situ  from  witiinut,  x  17(1 
A,  Extemal ;  6,  Middld^  c,  Iniemul  coat  j  ti.  Starch-grains,  x  108. 


*/ 


^  w 


Intenifll  coats*  Tlie  ni&st  mternal  is  com- 
poaeil  of  cell*  with  an  ijTf:|?iilar  waved 
fiutline,  and  longitudmal  eel  La  over  the 
fltareh-oelk  x  170, 


,  dO«  —Outer  coat  of  Buckwheat,  ap- 

KTintly  of  iTre^^ar  mshI  interlocm^ 
IbrosplTal  cells,  tepanblfl  by  boiling 
tlic  taiU  iod  foaoemting  it.  Outaide 
Ibaitt  oaili  is  &  very  thin  luid  delicate 
miOiliruiA,  retaining  the  mark^  of  at' 
IftcliaMai  of  the  ipiral  cellj,  x  170. 

MiU€i,—la  India,  Egypt,  China,  aad  Woat  Coast  of  Africa,  millet  of  some 
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kind  is  likely  to  "bo  an  adalteration.  Dr  Maddox'a  drawing  (page  239)  iJiott 
the  beautiful  structure  of  tlie  envelopes,  wliich  could  not  be  conf otmded  viiik 
tboae  of  wlieat  The  atarch-gmins  are  very  small,  round,  and  toIenUj 
imifonn  in  size. 


Fig,  61,  — Buckwlieat — Tranaverec  section  of  outer,  middle,  and  mtemil  I  x  170. 

cuatd,  witb.  iC«!llulo9e  coaiaining  $tarch  groins,     ,        .        .  )  SUrch^gninsKlH 

Melampi/rum  arvenm  and  other  species   (Purple    cow- wheat — Scraphr 
lanaceity — Tliis  baa  occasionally  been  mixed  wilh  flour ;  it  ia  not  inja 
but  gives  the  bread  {not  the  ioiir)  a  peculiar  smoky  violet  or  bluiA-Tib 
tint.     This  depends  on  a  colouring  matter  in  the  seed,  which,  when 
with  acid,  givea  the  violet  colour.* 

TrtfciUum  arvtmm  (Tn^foll^-lA^ffumfuo/i^ie). — This  ako  gives  the  bread  a  ni 
vicdet  coioiir.     It  is  nut  kiiowTi  to  be  injurious. 

Eh  f mint  Jim  n^or  and  eridii-g<d!i  (Yel!ow-rattle--*S<Tt>jnAaZarta««aj)  pwi 
brcail  a  hhiiBh-bkJck  colour,  a  moist  sticky  f ee!^  and  a  disagreeable  sweet  liifet 
It  is  not  injnnoua  Onobri/cJm  tfuUva  (Sainfoin — L<iri^mitwsm)hBB  akolMi 
need, 

LoUum  temnlentujn  {Rye-grass — Gramimw,  Other  spt^cies  may  he  TiseA)— 
This  gives  the  bread  no  colour,  but  produces  nanx>tic  symptomiii  Teit^ 
liallucinafcions,  delirium,  convulsions,  and  paralysis,  t     Pelhschek  atktas  thl 

•  Pelllschek,  Schmidt's  Jabrb.  1863,  Ho.  3,  p.  387, 

f  The  peculiar  Bymptc»nifl  produced  by  the  Lidium.  temufenium,  or  bearded  Pimatl.  wm  wl 
known  to  the  aticietiia,     E'ereira  elates  that  the  irst  aymptomn  are  gutro>int««tiniil,  tmk* 
''       -J  -t    -  i^__      ._  ,  pt^tns  oonifl  on,  vix,,  headadke,  |,li1(ti— 

I,  trenibiiitg,  and  pamlvns  (ElenMiilii^ 

,  »  are  produced  no  uiijnau,    Pfmritmilll* 

that  be  did  not  Buoceed  in  obtaiuiug  tlie  chemical  teat  uoted  above,  vie.,  the  gTveti  ak 
■oliition  and  the  yt^Uow  ream  on  evapor&tiua.  Hasaall  flsrurea  the  9iarcli-ffi«i]u  of  tll9  1 
ott  small  and  Bonietbing  like  nc%  ;  fifty  or  sixty  luny  adhere  togetbpr  aiid  form  ft  i 


Known  10  me  aucieuia.  rereira  eiaies  iQai  zan  iirBi  ay 
votuiting  and  colic^  and  thea  cerebro-apiual  syuipl^U] 
tinnitus,  ooufusion  of  light,  dilated  pupils,  dtjiirium,  1 
Mat<?ria  Mt^ica,  1860.  vol.  ii.  p,  07 7 K    The  same  eifect*  a 
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mymp^ms  do  not  occur  if  the  gmia  be  driod  in  an  oven  before  bakings 
tho  bread  ia  left  lor  some  days  before  being  U8<3d.     11 1«  detection  of  tho 


S    * 


©fa 


Fig.  92.-'MiUet  Seed — a,  TraoAvenie  ftection  of  Testa  coatn.  seen  fhim  mtiile  ;  a,  Outer ; 
6,  MMdk  ^  6)  luaer  coat  x  170  ;  a,  SUrcbgroiii^  >^  500.    Scale  MOOOtli  incK 

iunr  is  beat  effected  hy  means  of  alcohol,  which  gives  a  gmenish  solution 
,  *  diaagieeable  repuLsive  taste,  and  on  evaporation  a  resinous  yellow-green 
able  extract  w  left     Pure  flour  gives  with  ak-obol  only  a  dean  etraw- 
[  aolution,  with  an  agreeable  taste  {Pehischuk). 

or    Serrafaiem    (Brome-graaa — Qramiiiem  ;    different    species — 
r  <3^ Sdcalinm). — Pellischek  states  that  the  seeds  of  this  plant  give  the 
a  dark  colour,  and  make  it  indigestible*     It  is  probably  a  moat  uncom- 
snoD  adolteratioQ. 

It  will  be  found  that  when  mixed  with  flour,  the  microecope  will  detect 

Uraiu  not  very  nnlike  the  out.  The  enTelopes  are  tolerably  diitCncti%*e ;  the  colli  of  the  oater 
r*cMit  are  made  up  of  a  &iu^\e  luyer,  and  are  djipoaed  traimveraely  iniftitail  uf  loa^tndiitally. 
The  secozid  ooat  jj  in  two  InyeiK,  and  the  ooIUi  tiaTe  a  vertical  arr&n^^etjient.  The  third  coat 
I  U  tike  the  Jnnercoat  of  wheat.  This  acoouat  ia  taken  from  HassalL  I  bave  not  examined  this 
gt«in  myself. 

It  i«  not  Tery  ^^  ^^^  ^^f  ^^^^'^  graina  except  thoae  mentioned  in  ttie  text  will  be  Mixed 
-with  wh«at  fWnr.  TTie  aeeda  of  the  Pernrian  food,  the  €hm%opodiwfrk  Quifwa  liaTe  not  to  my 
kn«'wl«l^e  been  used  aa  a  falsificatioD,  The  starch -grain  of  the  Qnfnoa  are  said  to  Ihj  the 
I  »iDAll«at  known.  It  may  be  worth  remarking  that  tliin  iseed  b  very  rich  id  nalta  (2-4  per  cent.  )t 
and  particularly  so  m  ima  {lb  ^>er  cent.) ;  indeed  it  i»,  I  believe,  the  richest  in  iroo  of  any 
regetable.  It  ia  poiwible  that  it  might  be  a  useful  food  in  somb  caae«  uf  illue^a.  It  is  fairly 
natritiaiia  and  di^tible. 

Tbe  Btarcb-grains  of  the  acom,  which  might  perhaps  be  added  in  time«  of  great  scarcity, 
aid  be  immediately  detected,  on  they  have  a  very  characteristic  central  deprtiwioii,  und  are 
»  qnite  differeot  in  shape  from  the  llat^  round,  smooth  stArch-cfilLn  of  the  wheat  aod  barley, 
^lie  microscope  alone  wil!  seldom  b«  ahlu  to  recognise  abided  mmenal  matters,  bocAu^e  these 
\  not  in  very  large  quantity,  and  even  in  the  best  flour  some  small  amount  of  mineral  sub* 
_itioes,  derived  either  from  the  outer  coats  or  from  the  mill,  can  be  seen.  The  addition  of 
^nlneral  matters  is  beat  detenuined  chemically,  but  if  it  i-s  attempted  with  the  microacope,  thu 
gluten  thoold  be  aepanted  first ;  the  starch  shouhl  then  he  well  miiced  with  water,  and  tht^n 
allowed  to  subside  ni  a  conical  vessel.  In  the  lower  part  of  the*ve»i!ael  the  mineral  matten  will 
b«  fcntod  in  greatest  amount.  If  a  little  iorliae  he  added  to  distinguish  the  ntarchcells,  the 
micToaoope  may  then  recogniae  perhaps  an  unusual  r|uantity  of  round  or  perhaps  angular 
"^km.  If  they  are  bone  or  chalk,  acetic  acid  will  dissolve  them  ;  if  clay,  the  acid  will  not 
\  Hiem ;  or  the  sediment,  when  chloroform  is  mixed  with  HouFi  may  be  examined^ 
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readily  many  of  thea©  substances.     Detection  is  often  very  difficult  t« 
fltiiir  is  made  into  bread,  anil  tberefore,  whenever  from  tbe  bread  there  is  any 
cause  of  suspicion,  meana  sboultl  be  taken  to  obtain  some  of  the  flour, 

Qmen  flour, — ^A  flour  obtaillf^d  from  Revet  wheat  ifi  used  by  bakeis  fot 
dilating  their  troughs.  Hassall  has  found  this  Cones  flour  to  he  gwiUj 
adulterated  with  rioe,*  maize,  beanfi,  rye,  and  barley.  Sometimes  Conai  fbw 
is  mixed  with  good  flour.     All  these  impurities  have  been  abeady  deacnbei 

Cooking  of  Fluur, 

The  effect  of  heat  m  to  coagxilate  the  albumen^  and  to  tmnsfonn  some  of 
th«i  starch  iid'tj  dextrin.     Substances  are  also  added  to  the  bread  to  caiue  1 1 
further  transformation  of  the  starck 

Ctike^. — The  unfenuented  cakesf  ^^  simply  made  with  water  and  salt  iiJ 
they  are  very  readily  made,  are  agrcpable  to  taste,  and  nutritious,  it  is  fay' 
desirable  to  teach  every  soldier  to  make  them  ;  so  that  in  war,  when  breid  if 
not  procurable,  he  may  not  be  confined  altogether  to  biscuit  The  AustnUa 
**  damper  '*  is  simply  ma^le  by  digging'  a  hole  in  the  groimd,  filling  it  wi&« 
wood  fire,  and^  %vhen  the  fire  has  thoroughly  burnt  up,  removing  it^  plidQg 
the  dough  on  a  large  stone,  covering  it  with  a  tin  plate,  and  heaping  thttkl 
ashes  round  and  over  it  In  a  campaign^  every  soldier,  if  he  could  get  tkm 
and  wood,  would  soon  learn  to  bake  a  cake  for  liimself.  Tbe  only  poiot  d 
manipulation  which  re(|uires  practice  la  not  to  have  the  heat  too  greal ;  if  it 
be  above  212°  too  much  of  the  starch  is  changed  into  dextrin,  and  the  cdw 
is  tough.  Exposed  to  greater  heat^  and  well  dried,  the  unfermented  calm 
become  biscuit 

Maecaroni  is  flour  from  a  hard  Italian  grain,  moistened  with  wiiter,  and 
pressed  through  a  number  of  small  openings,  while  at  the  same  time  heat  if 
apphed.  Aa  it  is  very  nutritious  in  small  bidk,  and  keeps  well,  it  would  W 
a  good  food  for  soldiers  in  war  if  its  cost  could  be  lessened. 


Sub-Section  III — Biscurr.J 

To  make  biscuit,  flour  is  often  taken  with  little  or  no  bran  (on 
the  hygroacopic  properties  of  bran)  ;  but  bran  is  also  sometimes  used ;  no  ( 
is  added     The  simplest  biscuits  are  merely  flour  and  water.     Sonne  biaotiitl 
are  made  with  ndlk,  eggs,  &c 

Choice  of  BicmL — Biscuit  shoidd  be  well  baked,  but  not  burnt ;  of  a  li^ 
yellow  colour  J  and  should  float  in  water  ;  when  struck,  it  should  give  a  riuf- 
iiig  sound  ;  and  a  piece  put  into  the  mouth  should  thoroughly  soften  down 
It  should  be  free  from  weevils,  which  are  easily  seen.  (See  page  230  lotij 
notice  of  the  Ephestia^) 

Advanh\ge^  tu  a  Diet^^As  it  contains  little  water,  and»  bulk  for  bnflc,  bj 
more    nutritious   tlian   l»read,  thn^se-fourths   of  a  pound  are   naually 
to  equal  1  lb  of  bread.     Its  bulk  is  small,  anil  it  is  easily  transported. 

Ukgadvanittijm, — ^Like  flour,  it  is  deficient  in  fat     After  a  time,  it 
difficult  of  digestion.     Perhaps  the  want  of  variety  is  objectionable  ;  but  ottf*- 
tain  it  ia,  that  men  do  not  thrive  well  upon  it  for  long  periods.     In  war,  il 


*  Several  saniples  I  )uiv»  «iunm«d  cont&iii«d  no  thing  but  rioe. 
*Ric«  Cones.'*     (F.  ileC.) 
t  Tbe  Chtipatty  of  Infiia. 
t  OompoeitioD  of  Bi*cuit:— 

Water,       .        .        ,        . 

NitTOf^oiM  subatiuiQes,     . 

Dextrlo,    .        .        *        . 
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•yB  been  a  rule  with  the  best  English  army  surgeona^  for  more  than  a 
,  to  isstie  bread  as  much  as  possible,  and  to  use  biscuit  only  in  cases 
I  (^mnot  be  avoided. 

[  Sub-Sec3Tion  IV.— Bread.* 

pbonic  acid  gas  is  any  way  formed  in  or  forced  into  the  interior  of 
^  as  to  diyide  the  dough  into  a  number  of  Uttle  cavities,  bread  is 

0  are  three  kinds  of  bread  : — 

irbonic  acid  is  disengaged  by  a  fermentative  process,  caused  by  yeast 
Mil  During  the  baking  a  certain  amount  of  performed  sugar  yields 
C  acid ;  a  portion  of  starch  is  converted  into  dextrin  and  sugar,  and 
elds  carbonic  acid ;  a  little  lactic  and  butyric  acids,  and  extractive 
♦  are  formed.  It  is  of  importance  to  prevent  this  chnnge  from  going 
'j  and  herein  is  one  of  the  arts  of  the  liakerj  and  it  is  partlj^  to 
\  this  that  alum  i&  added,  which  has  the  property  of  arresting  tho 

Udzig  bread,  the  proportions  ore  20  lb  of  flour;  8  to  12  lb  of  tepid 
4  OdL  of  yeast,  to  which  a  little  potato  is  added,  and  H  to  2  oz,  of  salt ; 
of  flour  (1  sack)  will  give  from  90  to  105  4-lh  loaves ;  or  100  lb  of  flour 
ike  from  129  tt*  150  lb  of  brt'ad  If  there  is  14  per  cent,  of  water  in 
fcr,  the  bread  will  contain  in  the  former  case  33 •!  per  cent.,  and  in  the 
427  per  cent  If  100  lb  of  flour  contain  14  per  cent  of  water,  and 
141 1  lb  of  bread,  the  bread  will  contain  40  per  cent  of  water;  the 
llwaya  endeavours  to  combine  as  much  water  as  he  can  so  as  to  get  more 
6 1  lb  of  dough  yield  6  H)  of  bread.  Machines  arc  now  generally 
)r  mixing  the  dough  (Stevens'  Machine). 

irhonic  acid  is  disengaged  by  mixing  sodium  or  ammonium  carbonate 
le  dough,  and  adding  hydroc^hloric,  tartaric,  phosphoric,  or  citric  acids, 
f  powders  are  compounds  of  these  substances, 
trbonic  acid  is  forced  through  the  dough  by  pressure  (Dauglisb*s  patent 

1  bread).  This  process  has  the  great  advantage  of  rendering  it  impossible 
e  conversion  of  starch  into  dextrin,  sugar,  and  lactic  acid  shall  go  too 
kbont  20  cubic  feet  of  carljonlc  acid  (derived  from  chalk  and  sulphuric 
ire  used  for  2  BO  lb  of  fluur;  and  about  11  cubic  feet  are  actually 
irated  with  the  flour  (Odling). 

Advantages  of  Bread  as  an  Article  of  Diet 
\  hardly  necessary  to  mention  these.     The  great  amount  of  nitrogenous 

ppoiitloii  of  Breftd  :— 


ih  Bakers  Bread: — 

•ximam  ntitrinieat,  . 

iBimQm  natrimentf  . 

Ii  Commissftrtat : — 

id  formula, 

tw  foirnula, 

Ian  CommiiaariAt,     . 


Wnter. 


33 
44 

41 
35 
45'fiO 


Nilrogenoiii 


8-57 

7-2 
7*9 
6-2 


Fit, 


V5 
I 

1-5 
14 


3Uit:lie«,  Ae. 


6e-93 
4807 

47 

62-6 
46 


Itrogen  Jn  100  part*  of  diy  Ijread,  io  eleven  diffei^nt  armies  (exauiined  by  PoRf^iale), 
■Dm  2'26  per  Cfot.  (French)  to  1  12  per  cent.  {Prussian).  In  the  usual  English  military 
ihreid  it  L»  from  6  to  1  ^  per  cent  of  the  undried  bread,  or  17  yfit  cent,  of  dried  hnad. 
Pf  to  Bflkhenhoch,  the  cnut  oontaina  a  Eubatauce  (jusamor),  which  has  an  JntluLncti  in 
%  tiHM  UiUmorphoaia. 
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matters  and  starch  it  sliftres  with  flour ;  the  nitrogenonB  substance  is  to  lib 
carboniferous  as  1  to  6'S  (Forbes  Wiitson,  Odling).  It  tben^ffire  requifo 
more  nitrogen  for  a  perfect  food  The  process  of  baking  nendeis  it  mm 
digestible  thiin  flonr.  No  satiety  attends  its  usej  although  it  may  bo  alwiji 
made  in  tho  same  way ;  this  is  probably  owing  to  the  great  variety  of  iti 
components. 

DkadvantageM. — It  is  poor  in  fat  and  some  sdts^  especially  in  the  caso  of 
the  finest  tlour  freed  from  the  internal  envelope.     Therefore  we  aee  thil  tlw 
practice  of  using  fat  \vith  it  (butter  for  the  rich,  fat  bacon  fur  the  pour  mim) 
is  extremely  common-     As  to  the  relative  advantages  of  the  three  metluHl*  of 
making  bread,  the  last  (aeration  by  carbonic  acid)  is  said  to  have  the  a<ivant4gf 
of  making  white  bread,  though  the  inner  envelopes  are  left ;    of  not  caTtHn? 
any  loss  of  starch,  or  permitting  the  chiinge  to  go  too  far  ;  of  not  coti" 
any  nn wholesome  yeasst.     Tlie  system  of  making  bread  with  yeast  li  i 
objected  to  on  the  ground  that  bad  yeast  is  often  used  ;  the  fermentative  v\  n  ^ 
go  on  IB  the  stomach,  much  carbonic  acid  gas  is  disengaged,  and  dy- 1 
Hatulonce,  and   unpleasant  sensations,   such  as  heart-bum,    are    pr* 
There  is  no  doubt  that  badly  prepared  bread  gives  rise  to  these  syn j 
though  whether  this  ia  owing  to  bad  yeast  is,  I  think,  imcertain.     The 
method  yields  a  wholesome  breail,  but  is  too  exjjensive  for  common  i^ 
it  has  also  been  pointed  out  that  the  hydrochloric  acid  of  commerce 
contains  arsenic.     The  amount  would  be  too  small  to  be  hurtful,  but 
be  of  me*licodegal  consequence. 

Special  points  about  Making  of  Breads 
Bread  may  be  of  bad  colour^rather  yellowish,  from  ol(i  flour ;  frofm  gSwi" 
flour  (in  which  case  the  changes  in  the  starch  have  generally  gone  OD  to  i 
considerable  extent,  and  the  bread  contains  more  sugar  than  usual,  aniJ  tlo  ^" 
not  rise  well),  and  i>erhapB  fD">ra  bad  yeast  The  colour  given  by  admixtH 
t>f  bran  must  not  be  confoundeil  with  yellowness  of  this  kind. 

Bread  is  also  dtirk  coloured  from  admixture  of  other  grains,  as 
noticed  imder  flour  (rye,  buckwheat,  melampyram,  sainfoin,  &(u)     Bread  1 
be  acid,  from  bad  flour  giving  rise  to  an  excess  of  lactic  and  perhaps  aaetil^ 
acids,  or,  it  is  said,  from  bad  yeast      In  finding  the  cause  of  acidity  in  hnd, 
look  &st  to  the  flour,  which  may  be  old,  and  a  httie  discolonied^  and  t» 
aciil  _;  if  nothing  can  be  made  out,  examine  the  yeasty  and  change  the  tonni 
of  su])ply;   then  look  to  the  vessels  in  which  the  dougb  is  kneaded,  iiidlo 
the  water.     Enforce  great  cleanliness  on  the  part  of  the  men  who  make  «if 
the  dough.     In  India  Viread  becomes  enur  fr( jdi  Imd  cleaning  of  the  floun    ft  ' 
Gfxlwin,  R  A.,*  8tat>es  that  at  Bar<illy  the  wbe^it  wiis  imperfectly  ground  ill  i 
amaU  hand-mills ;   it  Wiis  then  separated  by  shifting  into  four  portions,  tilt  j 
brnn;   "attar,"  which  coo'esponds  to  pollards  j   **soojie,"  which  coi] 
gluten  and  starch  ;  antl  "  maida/'  which  is  nearly  all  starclL     The  eocijfi 
imperfect  giinding,  is  granulated,  and  chieSy  used  for  bread,  a  small  i 
only  of  maida  being  Tnixc^d  ^vitb  it     To  cleanse  the  wheat  before  grindiiigl 
it  was  washed  and  then  dried  in  heaps  in  the  sun ;   this  caused  fenueDtatid 
and  a  rapid  development  of  acidity.     The  heaps  of  cbm  were  qiut<?  hot  to  ^ 
feel.     A  very  acid  bread  was  given,  but  when  the  wlieat  was  not  tliua  WttW 
it  yielded  a  good  br*^ad. 

Bread  is  heav^^  and  sodden  frora  bad  yeast  fermenting  too  rapitlly,  or  wli« 
the  fermentation  has  not  taken  place  (cold  weather*  kid  water»  or  some  dtkt 
cause,  wEl  sometimes  hinder  it),  or  when  the  wheat  is  grown ;  when  t«>  liti' 
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[Mich  heat  has  been  employed.  It  ib  eaid,  alao,  that  if  the  flour  has. 
,  at  too  gif at  a  hmt  (above  200''),  the  gluten  is  altered,  and  the 
I  nut  nan  well.     It  Is  bitter  from  bitter  yefiat. 

i  mouldy  rapitUj  when  it  contains  an  exc^sa  of  wat^r. 
is  useti  as  an  addition  because  it  is  cheaper ;   it  i-etaina  water,  and 
fore  the  bread  is  heavier.     Bice  brewl  (if  125  per  cent,  of  rice  he  added) 
'er»  of  chieer  texture,  and  less  tilled  with  cavities.     Potat^ws  are  soiiie- 
Ided,  but  are  gcDemlly  used  only  m  fluiall  (luaotity  with  the  yeast 
.  is  added  to  stop  aii  excess  of  fermentfition,  when  the  altering  gluten 
L  acta  too  much  on  the  starch,  and  it  tJso  whitens  the  bread  ;  it  dues 
the  amount  of  water  •  it  enables  bread  to  be  made  from  Hour 
otherwise  could  not  be  u&ed.     Sulphatea  of  copper  and  of  zinc,  iii  very 
uount,  are  sometiiuf^*!  employed  for  the  sauie  jmrpose. 
Lacid  Hour,  lime  water  Ls  used  instead  of  pim^j  water ;  lime  water  has  this 
ithat^  while  it  does  not  check  the  fermentation  of  yeast,  it  hiiiders 
i  rf  diafitage  on  starch.     It  must  be  caustic  lime  water,  and  not  chaHc 
rat«.'r  as  s*  iiuetime^  is  the  case. 
|er  being  taken  from  the  oven  bread  begins  to  lose  weight*     The  4-Ib 


In  the  first  24  hours,       .         .         ,         ,         .         If  ounca 
Iii48     „ 5       „ 

»f     60         „ 7  3» 

»  70    „ 8}     „ 

b  IS  merely  an  average,  and  is  altered  by  amount  of  crust,  temperature, 
lOfement  of  air. 

are  generally  weighed  when  hot,  and  that  is  considered  to  be  their 
bt     In  the  Austrian  army,  a  loas   of  2*9  per  cent,  in  four  days  is 

hen  loBTes  hec-ome  stale  they  can  bet  i-ebaketl,  and  then  taste  quite  fresh 

renty-fuur  hours ;  after  that  they  rapidly  change. 

i  biscuit  idso,  mixed  with  water,  can  bo  rebaked,  and  becomes  palatable, 

Fe  French  army  dilfen^t  kinds  of  bread  are  used  :t  ordinary  hnrnd ; 
1  bread  ;    bmaii  half  biscuited ;  bread  one  quarter  biscuited  j    hospital 
The  **  Pain  biscuits  "  is  used  only  on  service ;  it  is  baked  more  tirmly 
bttlinary  bread. 
in  de  munition  ordinaire  keeps  5  days  in  summer  and  8  in  winter, 

fan  (pmrt  biscuits  „    10  to  15  days, 

demi  „  „    20  to  30     „ 

biscuits  „    40  t^i  50     „ 

French  munition  loaf  weighs  1*5  kilognimmes  (3*3  lb  avoir.),  and  con- 
ti»'o  rations  of  700  gmmmes  (each  1'65  lb).     The  ration  of  biscuit  is  550 
'a  (1*2  Ih), 

ould  be  ust-fid  to  adopt  the  practice  of  strongly  baked  bread  in  our 
it  is  a  good  substitute  for  biscuit. 
%prtfi»td  Bre/jd, — (See  Concentrated  FoodB,) 

Ejcaminaiion  of  Bread. 

is,  perhaps,  no  article  on  which  the  medical  officer  is  more  often 
i  tu  give  an  o])iiiion. 
merai  Vhuractertf, — There  should  be  a  due  proportion,  not  Icbs  than  30 
ent,  of  crust ;  the  external  surface  shuidd  be  weH  baked,  not  bunit ;  the 

'  «oiiie  recent  erperiments  on  this  point,   Bee  Report  on  Hygiene,  Army  Meriicol 
t  voL  xviil. 
i  dea  Oflicien  dm  Santd,  1863. 
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crumb  sliould  be  permeated  with  small  regular  cavities  ;  no  parte  slioitid  1 
heavy,  and  without  these  little  cella  ;  the  partitions  between  the  caritkl 
should  not  he  tough  ;  the  colour  ahould  be  white  or  brownish  from  odmiiton 
of  bran  ;  the  taste  not  acid,  even  when  held  in  the  motitK  If  the  breid  if 
acid  the  ilour  is  bad^  or  leaven  has  been  used ;  if  the  colour  chan^^  8oon,Mrf 
fungi  form,  the  bread  is  too  moist ;  if  sodden  and  heavy,  the  Hour  Is  bad,  or 
the  baking  is  in  fault ;  the  heat  may  have  been  too  greats  or  the  spongie  hmily  ft?l 

Chemieai  Exammaiion. — This  is  conducted  chiefly  to  ascertain  the  amoiuit 
of  water,  acidity,  and  the  presence  of  alum  or  sulphate  of  copper. 

Water. — Take  a  weighed  quantity  (say  10  grammes)  of  crumb,  and  dir 
in  a  water  bath ;  powiier,  and  then  ilry  again  in  a  hot-air  bath  or  oven,  and 
weigh  ;  the  water  should  not  be  more  than  45  per  cent ;  if  more,  the  brsad  is 
pro  tanto  less  nutritious,  ami  is  liable  to  become  sooner  mouldy. 

Addity.—Th.m  can  be  determined  by  a  atantiaKl  alkaline  solution,  (Sii 
Beer.)  At  present  few  observations  have  been  made  on  this  pointy  hut  it  mij 
be  irapjortant  as  indicating  bad  flour*  In  good  bread  the  acidity  on 
baking  is  very  trifling  ;  it  increases  slightly  for  five  or  six  days.* 

Alum. — Tlie  detenninatioii  of  the  presence  of  alum  is  not  difficulty  butt 
quantitative  analysis  is  neceasary,  since  it  lias  been  shown  by  Wanklyn  ill 
unalumed  bread  may  contain  an  appreciable  amounts     Many  proceeiaes 
l»een  proposed,!  some  of  which  are  merely  modifiiititions  of  each  other. 
following  seems  the  most  simple  :— 

Xd  part. — Take  at  least  J  ft)  of  crumb,  put  in  a  mortar,  and  soak  it  well  in 
pure  cold  water  ;  filter,  and  get  as  clear  a  fluid  as  possible  ;  add  a  few  dwf* 
of  hy<lrochloric  acid,  and  then  chloride  of  bariunL  If  there  is  no  precipitita 
no  alum  can  have  been  added,  and  the  process  need  not  be  proceeded  witlL 
If  there  is  a  ahglit  precipitate^  it  may  be  accounted  for  by  sidphate  of  liiM  ai 
magnesia  iu  the  water  added,  or  of  sulphate  of  magnesia  in  the  salt^  or  by  f  " 
slight  arafaint  of  sulphuric  acid  naturally  existing  in  the  grain,  or  added  da 
the  grinding.  Perhaps  the  medical  officer  will  know  whether  the  water  ( 
the  salt  contains  sulphates,  and  if  so,  the  absence  of  aUim  may  be  infei3 
If  there  be  a  large  precipitate,  the  presence  of  alum  is  probable,  but  is 
certain,  and  the  process  must  be  continued. 

%l  purt — Dupre^s  process,  as  modified  by  Wanklyn,  seems  on  the  who! 
the  simplest  and  least  hable  to  error,  as  it  gets  rid  of  one  great  source  of  falUfi; 
namely,  the  presence  of  ahimina  in  the  liquor  jjotassiie,  which  reagent  is 
required.  The  process  is  as  follows: — Take  100  gmmmes  (  =  3J  ounces)  < 
bread  ;  incinerate  for  4  or  5  hours  in  a  platinum  dish  to  a  grey  ash  ; 
(the  ash  should  not  sensibly  exceed  2  grammes) ;  moisten  with  3  C.CX 
hydrochloric  acid  to  separate  eilica ;  add  20  to  30  C.C.  of  distilled  wat 
filter  ;  wash  tlie  filter  well  with  boiling  water  ;  arid  to  the  filtrate,  i»'hicb  ' 
taina  the  phosphates  of  calcium,  magnesium,  aluminium,  and  iron^  5  CC 
liquor  ammoniac  (sp.  gr.  880),  which  causes  a  precipitate  of  theae  phosphata; 
then  atld  gradually  20  C.C.  of  strong  acetic  acici,  which  partially  clears  ^ 
fluid  by  dissolving  the  phosphates  of  calcium  and  magnesium  ;  boil  and  filler. 
The  undissolved  part  is  a  mixture  of  phosphate  of  aluminium  and  phosphate 
of  iron ;  wash,  precipitate  well  with  bi  aling  water,  dry,  ignite,  and  weigh 

The  iron  must  now  he  determined  in  this  precipitate.     This  may  he  do» 

*  In  three  samplen  of  bread,  cundemiied  m  inferior,  I  found  S*%  6*6,  sod  d'S  Etmlni  cf  i^ 
{reckonad  as  cryatallino  oxnlic)  per  lb  (— 0'89,0  0^,  and  1*19  gr&mmeii  per  kllogr.  Id  tv 
tamplei  of  good  brend,  btit  rather  und«rl»aked,  4'  and  5-8  reipcctively  C— 0-57  And  OT*  |«f 
kilogr).  For  further  experiments,  »e«  my  Report  on  Hygiene,  Army  Medicil  R^oft^  fiL 
xviii.  |F.  de  C\. 

f  By  Kuhlmami,  Lctbeby,  Ddling,  W*ntwortli  Scott,  Crookea,  EooiAUy  Hadow,  Honli^ 
J3npr«^  Wanklyn. 
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^Bthe  pennangftnate,  but  WaiikJyii's  colorimetric  test  is  probably  bettor  :  it 
^H0  follows  : — Diissolve  1  gramnie  of  pure  imn  wire  ill  EitrivliydrDcbloric 
iSvI ;  precipitate  tbo  ferric  oxitio  witb  ammonia ;  wa^b  tbe  precipitate,  dissolve 
li  in  a  little  bydrtxMoric  acid,  and  dilute  to  1  litro :  one  CO,  tberefon^  equals 
I  milligramme  of  metallic  iron  j  when  used  it  is  diluted  1  in  100  8€  as  to 
piake  a  solution,  of  which  each  C.C.  contains  y^th  milligramme  (  =  0-01  of 
k  milligramme)  Tof  metallic  iron.  To  use  this,  dissolve  tbe  pbosj^bates  of 
jJiitDiniiim  and  iron  (obtaiDed  by  the  above  described  process)  in  pui-e  byLlro- 
bliloric  acid,  and  dilute  to  100  C.C  Teat  the  solution  to  see  if  it  give  a  deep 
Dolour  with  fenocyanide  of  potassium  :   if  the  colour  is  Bot  too  deep  take  50 

Be.  of  the  solution,  but  if  it  be  deep  take  a  smaller  quantity,  and  make  it 
I  to  50  CC  witb  distilled  water,  taking  care  that  it  is  well  acidulated. 
It  it  iB  a  cylindrical  glass  and  add  1  or  2  CC,  of  scdution  of  ferrocyanido 
potassium :  a  blue  colour  is  given.  In  another  glass  1  C.C»  of  strong 
rdrocbloric  acid  is  put,  and  50  C.C.  of  distilled  water;  1  or  2  C.C.  of 
cyanide  are  addetl ;  tbo  standard  solution  of  iron  is  then  dropped  in  tUl 
colour  is  produced.  The  amount  of  iron  is  then  read  olf  and 
3  phosphate  (1  of  iron  =  2'696  FePOJ.  Deduct  tbe  weight  from 
total  weight  of  pbospbate  of  aluminium  and  iron ;  tbe  remainder  is 
phate  of  aluminium  (  =  AlPOJ,  of  which  1  part  equals  0  4 2  alumina,  or 
or  3*9  crystidliseil  potassium  alum;  or  1'9  dry  or  3  7  of  crystallised 
aoniiim  alum,  wliich  last  is  almo.st  the  ordy  kind  now  in  the  market. 
7anklyn  considers  that  unalumed  bread  may  contain  5  or  6  miHigiummea 
^0005  per  cent,)  of  phosphate  of  aluminium  in  every  100  grammes  of 
It  will  Ixi  well  to  dwiuct  this  amount  from  the  total  amount  of 
I  phosphate  of  aluminium  found  j  the  remainder  will  represent  the  amount 
I  <5orrB8ponding  to  alimi  added. 

JDr  Letheby  has  also  used  a  decoction  of  logwood  as  a  tt^t ;  a  piece  of  pure 
ao^l  and  a  pieee  of  susj^ected  bread  are  put  in  a  glass  containing  fi^^shly 
ttjait^  deeoction,  and  left  for  twenty-four  hours  ;   the  pure  bread  is  simply 
jmed,  the  alumcd  bread  is  dark  purplisli,  as  the  alum  acts  like  a  mordant 
f  Hadow  has  also  iisud  this  test  with  advantage,  but  Mr  Crooks,  after  many 
ejLperiments,  came  to  tlie  conclusion  that  it  was  valuele^,t     Mr  Horsley  has 
it  largely,  and  estimates  it  higldy.     ilia  process  is  m  follows — a  tim^ture 
rood  is  mail©  by  digesting  for  eight  hours  two  drams  of  fresldy-cut 
rood   in   five   ounces   of  methylated   spirit.       A    saturated  solution   of 
[carbonate  of  ammonium  is  also  made.     A  tea-spoonful  of  each  solution  ia 
mixed  in  a  wine-glassful  of  water,  in  a  white  ware  dish  j  a  slice  of  bread  is 
>ut  in  for  five  minutes,  then  removcil,  and  allowed  to  drain ;   in  an  hour  or 
I  it  turns  blue  if  alum  be  present;^ 


Join  ia  not  much  used  except  with  inferior  hread.g  The  amount  of  alum 
is  said  to  be,  on  an  average,  3  ounces  to  a  sack  or  280  Ih  of  Eour ;  if 

sack  gives  105  4-ff>  loaves,  there  will  be  16  grains  in  a  4-t)  loaf;  if 
I  crystaHifled  altim  is  meant  by  this,  there  ^vill  only  be  about  8  grains  of  dry 
I  altimlt  in  a  4r-Ib  loaf.     Hassall  states  the  quantity  to  be  |  tt^  (6  ounces)  to  240 


Tbtt  eqnals  tboal  S  or  6  zmiaB  of  CTyetiillbed  ammoninnL  Alum  per  I  lb  lo«f. 

Cbemical  Nerwi,  Sept  186*2. 

Cheutic*!  Newt,  May  1872. 

K«|K)n  on  JoaToeymen  Bskera,  1SG2|  p.l$4.  See  also  Odllng'A  Papers.  Hassall^  Itowever, 
i  alum  m  half  the  Icmves  exaniia&d.  A  writer  in  the  Lancet  (Jon.  1S72)  statea  that  at  that 
altim  wan  found  in  10  out  of  20  loavea,  and  the  amount  waa  from  12  to  96  graina  Id  the  4  lb 

fj  Uitcbell,  in  hi*  Treatise  on  the  Fal^tificAtiona  of  Food,  gave  a  much  greater  amount  i  hut 
^ere  ii  Uttk  doubt  hia  alumina  waa  not  puio. 
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lb  of  Hotit,  but  that  the  quantity  diiFere  for  old  and  new  flour.  A  veiy  ( 
witness,*  in  tlje  inqwirj  into  the  grievances  of  the  jounieyman  bakeis,  i 
tlie  ijuantity  at  10  ounces  per  sack  ;  t\m  would  give  41*6  grains  per  4-1b  ImI 
When  mixed  witli  flour  and  baked,  the  alum  ia  decomposeil,  part  of  tbf 
alumina  cnnibioes  most  Btff  >ngly  with  phusphoric  acid  ;  and  either  this  or  the 
alum  itself  is  pn:^sumed  to  be  in  combination  with  the  gluten ;  bisulpbal*  oi 
potassium  is  probal^Iy  formeil 

The  effects  of  alum  on  the  flour  during  the  baking  have  been 
notic^'d*     The  effects  on  health  will  be  presently  considered. 

Ouprlc  Sulphate.— Cut  a  smooth  slice  of  brea<^l,  and  cliaw  over  it  a  [ 
dippctci  in  potassium  ferrocyanide.     If  copper  l>e  present  a  brick-red 
given  by  the  formation  of  ferrocyanide  of  copper.     The  test  is' very  < 
It  ia  believed  to  be  a  very  rare  adultemtion  in  England.     It  baa  been 
that  colmlt  ia  useil  instead  of  copper.     It  is  probably  a  very  rare  adtilten 
it  can  be  detected  by  the  bltieness  of  th<^  asLf 

PoMop^. — n  potatt>e3  in  any  quantity  have  been  addtnl,  the  aali  of  fk 
bread  instead  of  being  neutral  is  alkaline ;  tliis  can  r»idy  occur  from  aodiui 
carbonat-e  having  been  added,  or  from  the  prt^sence  of  some  salt«  of  ongub 
acid,  citmtea,  lacttites,  tartrates,  which  form  carbonates  on  iiicineratioiL  BbI 
if  it  W  from  sodium  carbonate,  the  sohition  of  bread  ^vill  be  aikalinev  *>  ^ 
it  oin  be  known  if  the  alkahnity  is  produced  during  incineratioiu  If  8^fl>^ 
almost  certain  to  be  from  potato. 

£xmninatio}j    of   Yetist — Common    brewers'   yeast  is   not   likely  td 
adulterated     If  any  solid  mineral  aubatancea  are  mixed  with  German  ] 
they  are  detected  either  by  washing  or  by  incineration-     Dr  Letheby  ! 
Gennan  yeast,  import-etl  in  1 863,  to  be  adulterated  with  30  per  cent  of  pil 
day. 

Microscopical  Examination  of  BreacL 

Under  the  microscope  some  staich-cells  can  be  seen,  but  they  are  gvtusnQf 
enlarged  and  partly  broken  up ;  often  they  are  broken  up  altogetliei:,  oal 
form  Httle  angular  masses  which  might  be  mistaken  for  rice  etaich-giiiiiiL 
Tlie  gluten  forms  little  stringy  masses.  Sometimes  Mith  a  low  power  •on* 
dark  points  are  seen  ;  under  a  high  power,  500  or  600  diameters;  these  •» 
fouml  to  be  formed  of  a  nunit>er  of  dark  little  rmls  joined  together.  Tliilil 
a  kind  of  bacterium  often  found  in  large  quantities  in  yeasty  and  is  cilliBl 
into  the  brciad.     It  must  not  be  mistaken  for  an  impurity, 

Fun^,^Th&  most  common  fungnB  is  a  kind  of  PeftlciUium  (gitophilum  iftl 
rasevm),  greenish,  brownisli,  or  reddish  yellow  colour ;  sporolea,  apono^ 
and  luyceHum  can  all  be  seen.  The  Oidium  aurantiaatm  bas  been  mxwA 
times  detected  in  France  and  Algeria ;  it  is  distinguished  by  its  orangMdl 
colour.  A  gi-eenish  mucor  is  often  found  in  brea«l  I  have  not  yet  aetii  tin 
Fucciuia  so  common  in  flour. 


wiwlriiifli   nil    "  ' 


Microscopical  Exammntion/or  AdtdteroHon^ 

Kice  flour  cannot  be  detected  unless  it  is  in  very  large  quantity  ; 
number  of  small  angular  grains  may  create  suspicion,  often  unfor 
nothing  more  than  suspicion.  Potato  starch  is  often  comph^tely  broken  op 
and  cannot  be  detected ;  potato  itself  is  used,  little  masses  of  it  can  oftai  t 
found,  and  some  starch-graina  with  eccentric  hHum.  Incineration  for  ^ 
alkaline  ash  lb  useful  in  this  case. 

•  Report  on  the  Joumeyruen  Bakers,  1852,  p,  16S.  Some  of  the  iftAtements  an  Iwyoirf  «»• 
thin  amount— 1  to  4  Ih  per  1000  {4-Yb  ?)  loaves  (p,  xxxvi. ) ;  but  thU  ift  prohftbly  m  enggefilii^ 
t  I  bAve  to  thank  mj  friend  Dr  Catnphell  Brown  for  this  mformatioa. 
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i  and  pea  flour,  if  more  than  4  per  cent,  give  a  dark  colour  to  the 
^fgjd^  the  0taich  oeUs  can  often  be  found  ;   moistening  the  bread  with  hot 
iM^er  iometiliieft  produces  the  pocnliar  smell  of  tlie  pi^a. 
^BObe  mieroaoopical  examination  of  broad  for  adultemtion  m  unsatisfactory; 
^B  floor  should  he  examined  inateadf  whenever  it  can  bo  obtained. 

^^  Diteaxs  eonneeted  with  the  Quality  of  Flour  and  Brtiod. 

The  FUmr  origiuaUy  had. — It  may  be  ergoted,  or  grown  and  fermenting, 
fungi  forming.  An  anomaloua  disease  approacliing  to  ergotism  should 
ill  once  to  an  examination  of  the  flour.  The  fermenting  tiour  priKluees 
and  diarrhoea  ;  the  heat  and  moiBtiir©  of  thtj  stoma cli,  no  doubt, 
at  once  very  rapid  fermentation  ;  the  gluten,  already  metamorphosing, 
acta  Tcty  aieigeticaUy  on  the  starch,  and  carbonic  acid  is  rapidly  developc^d  ; 
hrnce  uooomfortable  feehngR,  flatulence,  imperfect  dige^ytion,  and  diarrha?ii. 
It  ia  to  leinedy  this  condition  of  flcmr  that  alum  is  added,  and  some  of  the 
eBartA  ascribed  to  alum  may  be  really  owing  to  the  flour. 

The  most  important  disease  connected  with  flour  is,  however,  ergotism ;  this 
ia  hm  common  in  wheat  than  in  lye  flour,  but  yet  is  occasionally  seen. 
8ani0timaa  ergoted  meal  prndTires  at  once  violent  stomach  and  intestinal 
afinptoixu^  at  other  times  primary  digestion  is  well  performiad,  and  the  early 
ajrmploma  an  great  general  depression  and  feverishneas,  nshenng  in  the  local 
^pmploma  ol  acrodynia, 

2,  FUmr  ori^incdly  good^  hut  nltering  either  from  age  or  from  not  having 
been  imB  dried, — The  breatl  is  often  acid,  and  sometimes  highly  bo  ;  this  may 
pEodaoe  dianboBa,  though  I  have  known  such  bread  used  for  a  long  time 
without  this  affect  j  usually  persons  will  not  eat  much  of  it,  and  thus  the 
ifupply  of  nutriment  is  lessened.  If  the  bread  be  too  moist,  fungi  form,  and 
the  Oiflium  aurardiacumy  in  particukr,  has  been  known  in  Algiers  to  give 
ride  to  little  endemics  of  diarrhu?a  (Boudiu  and  Foster).*  The  Mucor  mucedo 
either  does  not  produce  tliis,  or  rarely.  It  should  be  remembered,  however, 
that  mooldy  oats  (the  fungus  being  the  Aspergillus)  have  given  rise  to 
paralytic  symptoms  in  hoPBea,  so  that  these  fungi  are  Ut  be  Wiked  on  with 
mMnmm ;  f  and  a  new  case  of  the  kind  has  lately  been  rejwrted  by  H, 
^Ammt%  in  Gieasen  (Virchow*s  "Archiv,"  band  xliii.  j>.  173).  Professor 
Vainall  alaa  states  }  that  six  horses  died  in  three  days  from  citing  mouldy 
nais  ;  lhas«  waa  a  large  amount  of  matted  mycelium,  and  this,  when  given  to 
oilier  honae  for  experiment,  killed  them  in  tliirty^ix  hours ;  there  was  a 
•*  pacoHar  growth  "  on  the  mucous  membrane  of  the  small  intestine.  It  is 
not  known  that  the  Acarus  so  common  in  flour  has  any  bad  efiects  when 


S,  Subdmieei  added, — Alum,  of  course,  ia  the  chief  substance ;  there  has 
much  difference  of  opinion  as  to  its  eflects.  It  has  been  asserted  to 
piodtioe  dyspepeia ;  to  lessen  the  nutritive  value  of  bread  by  rendering  the 
llba^ilione  aod  insoliible,  and  to  be  also  a  falsifl cation,  inasmuch  as  it  ]^»emiits 
an  iotekiir  flour  to  be  sold  for  a  good  one.  Tlie  last  allegation  is  no  doubt 
l  the  second  probably  bo,  as  there  is  little  doubt  of  the  formation,  and 
of  the  insolubility,  of  phosphate  of  alumina.  Hie  first  point  is  more 
though  several  physicians  of  great  authority  (CarjK-nter,  Dundas 
Gibbon,  Nonnandy)  have  considered  its  action  verj'  deleterious,  and 
fliBi  i&  oanna  dyspepsia  and  constipation.  Percira  considered  that  whatever 
kv«  bean  the  effect  in  the  case  of  healthy  persona^  sick  persons  did  really 


*  AixOiira  0«fi,  da  MM.,  184S,  p.  244. 

t  SaDdvnoti's  R«port  in  Syd,  Soc    Ye&r-Book  for  1802,  p.  162. 

2  JcNimal  of  tike  Society  of  ArU,  April  I&65* 
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Buffer  in  that  way.  A  question  like  thia  iB  obriously  difiicalt  of  thai  1 
pi-oof  we  now  deiaaud  in  medicine,  and  personBllj  I  have  been  Mt  \ai 
to  no  conclusion.  Seeing,  ind^d,  that  the  usuai  eflfect  of  Lad 
flatidL^n&e  and  diarrhoea,  if  constipation  were  decidedly  produced  by  1 
would  be  more  likely  to  proceed  from  alum  than  from  any  otber 
of  the  bread.  Looking  again  to  the  fact  that  aometiines  bread  bai  i 
large  quantities  of  alum,— sometimes  aa  much  as  40  gnung  in  a  4-^  hd^ 
probably  more, — we  get  an  amount  in  an  ordinary  meal  vhieb  (fl  ( 
akiminiiuu  phosphate  is  an  astringent)  might  very  well  cause  oaii8iqiiit.| 
Looking,  then,  to  the  positive  evidence,  and  the  reasonablenefls  ol  ill 
evidence,  it  seema  to  me  extremely  likely  that  atrongly  altunad  bretd  &»  | 
produce  the  injurious  effecta  ascril>eil  to  it. 

The  addition  of  alum  is  forbidden  by  law. 

Sidphuric  acid  is  said  to  be  added*  before  grinding  instead  of  al^mji 
the  same  power  of  preventing  decay. 

As  already  stated,  Hme  water  may  be  need,  and  with  advantage. 

iSniphate  of  Copjien — The  amount  used  is  80  Bnitdl  that  it  seldom  \ 
any  aymptoms  ;   stUl  it  ia  possible  that  some  anomaloua  caaed  of 
irritation  might  be  owing  to  this. 

Lead, — Dr  Alford,!  medical  officer  for  Taunton,  reports  a  rase  of  poiaoai^  I 
from  lead  getting  intt:>  flour.  Six  or  seven  families,  including  15  to  3§  1 
persons,  suflered^  some  very  severely.  The  water  was  analys^Ml  but 
found,  and  then  it  was  noted  tliat  the  persons  attacked  all  got  their  flour f 
the  same  milL  On  making  inquiries  it  was  found  that  the  nullstone*  i 
had  (from  the  nature  of  the  stone)  large  spaces  in  them,  which  had  beeo  fiMl 
np  with  lead  !  It  was  mentioned  at  the  meeting  of  the  sanitary  authoaJyt 
by  one  of  the  meml>ei's,  that  lead  was  not  usually  employed  in  that  wej,  tkt  I 
what  was  generally  used  was  r€d4ead  and  borax,  or  alum  and  boiax,  biA  J 
Inghly  objectionable.  II  such  he  the  case  this  is  another  poeaible  80019  U 
alum,  which  ought  to  be  recollected. 

The  lyylmm  tfymulefitum  gives  rise  to  narcotic  symptoms  (aee  cmUy 

Floiir  from  other   Gh'ains. — It  ia  not  known  whether   the   addittoo  d  J 
potatoes,  rice,  barley,  peas,  &c.,  in  any  way  injures  health,  except  jia  it  i 
affect  nutrition  or  digestion.     Occasionally,  in  times  of  famine,  otbv  i 
stances  are  mixed — chestnuts,  acorns,  Arc.     In  1835,  during  famina^ 
dysentery  appeared  in  Kiinigsberg,  owing  to  the  people   mixing  their  : 
with  the  poUen  of  the  male  catkin  of  the  hiujel  bush.     In  In<.lia  the  i 
vetch,  Laihjfrus  mdimu<  (kessareenlholl},  with  barley  or  wheat,  gives  \ 
special  paralysis  of  the  legs,  when  it  exceeds  one-twelfth  part  of  Ihel 
(Ir\'ine  iu  "  Indian  Annals  ") ;  the  L.  elcem  has  the  same  effect.  J 
the  siege  of  Paris,  straw,  to  the  extent  of  on&-eighth,  was  introduced  m\o  ftil 
bread  :  this  had  a  very  irritating  effect 


SECTION  IIL 
BARLEY. 

As  an  article  of  diet  barley  lias  the  same  advantages  and  diaadvimti 
wheat     It  ia  said  to  Ije  rather  laxative  (Pereira),  and  I  have  myself  J 


*  Dr  Aiij^is  Stuith,  AiLHual  Export  of  the  Mimcheater  and  Salford  fitnitaiy  . 
1853.— Report  of  Sub  Cfjminittee. 

+  Sanitary  Record, May  2oth,  1877. 

$  Dr  Irvine  haa  lately  j"  Indian  Annals,"  Jan,  1868}  •gmin  deacribod  the  sjrmptonu  \ 
bj  the  kassaroe-dhoU  or  Lathyrus.    The  fiiTtt  syiaptoma  ai«  gaAtro-intestiaAl  initAtaoD,  tfni  ^ 
pinpl^gi*  foUowi  on  tbb. 
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either  from  thia  cause,  or  from  the  imperfect  separation  of  the  shurp 
Eiaak%  tiarley  bread  is  particularly  unanited  for  (lysecleric  cases.     It  containa 
"^^   r  more  protein  IxKiies  tbaa  wht^at,  and  these  consist  of  gluten-ciiseiti, 
ihrm,  niuce^lin,  and  alljumen.*     It  is  cort<aiuly  very  nutritious,  and 
^iii_'  » f  n*eks  trained  their  athletes  on  it     It«  richness  in  phosphoric  acid  and 
jXk  render  it  particularly  adapteil  for  this- 

hmc^;  of  Barley. — (Scotch  or  pot  harley,  viz,,  the  grain  without  the  husks.) 
•  the  barley  grains  the  flame  points  are  to  be  attended  to  as  in  wheat. 
ibr  the  pearl  barley  (which  ia  merely  the  grain  roundetl  oil},  the  bL*at  tests 
I  the  physicjil  cliaractera,  colour,  freedom  from  dui^t,  grit,  and  insects,  and 
\  test  of  cooking. 

patent  prej:>ared  or  powdered  barley  should  be  examined  with  the 
licrosc^pe  ;  any  kind  of  cheaper  grain  may  be  mixed  with  it  (See  figures 
^^^rley  and  other  grains.) 

arising  from  AUered  Qtmlftf/.—Them  are  the  same  as  those  of 
it — rir.,  indigestion,  flatulence,  and  dianlnea.  I  am  not  aware  that  there 
nytbing  peculiar  in  the  action  of  diseased  barley  ajs  distmguiehed  from 

SECTION  rv. 


OATS. 

liaye  been  considered  even  more  nutritious  than  wheat  or  barley,  and, 
nly,  not  only  is  the  amount  of  nitrogenous  sulkt^tjiiice  greats  hut  tlie  pro- 
ion  of  fat  is  large.     Unfortunately,   the  nitrogenous   suhstaiice  haa  no 

Iheaive  property,  and  hnrnd  raunot  tie  made  ;  the  amount  of  indigestible 
celiuloeie  i^  large.  But,  on  tlie  other  hanil,  oatmeitl  has  the  giimt  advantage  of 
being  very  readily  cookeil,  much  morti  ho  than  wheat  or  hurley.  The  late 
reaearchei?  of  Kreiisler  (liitthauscn,  op.  ctt.  p.  125)  show  llrnt  the  nitrt^genous 
aiibstances  of  oats  conhiiu  gliatlin,  and  especially  gluten-casein.  Tliis  last  sub- 
stance is  that  called  "  avenin  "  by  Norton  and  Johnstone  ;  it  approache«  very 
doeely  to  the  legumiu  of  peas  and  l)eans,  and  b  so  called  by  liitthausen.  In 
nutritive  properties  it  causes  oatmeal  to  stand  nearer  to  the  Leguniinosaj  than 
kbe  cereals  da     It  contains  doulde  as  much  sulphur  as  the  legunun  of  peas. 

For  thia  reason,  and  because  it  contains  much  nutriment  in  small  bulk, 
faocatise  it  can  be  eaten  for  long  perio<ls  with  relish,  and  keeps  unchanged  for 

longtime,  it  would  seem  to  be  an  excellent  food  for  soldiem  dmng  war — an 
Opinioii  which  does  not  lose  in  force*  when  we  ii;  mem  her  that  it  fc^rmed  the 


pbiplo  food  of  one  of  the  most  martiid  races  on  reconi,  the  Scotch  Highlandei's, 
-ffbom  Jackson  considered  also  one  of  the  most  enduring.  Formerly,  when  oats 
•were  badly  cleaned,  intestinal  concretiuns  of  the  husk  and  hairs  were  common 
among  those  who  lived  on  oatmeal,  hut  these  are  now  luiconmion.  It  has  been 
thought  to  be  **  heating  "  when  taken  continually,  but  this  is  probably  a  pre- 
judice. The  supporting  qualities  of  oatmeal  used  as  a  drink,  made  into  a  thin 
gruel,  are  testified  to  in  liard  work  by  the  chief  and  divisional  engineers  of 
the  Great  Western  Eailway.t 

Adulterntiong. — Barley-meal  and  the  husks  of  barley,  of  wheats  and  of  oat 
itself,  are  added  very  frt^quently.  A  single  look  through  tiie  microscope 
detects  the  round  and  smo^ith  barley  starclx  ;  the  envelopes  are  recognised 
with  very  little  more  tr^auble.     Rice  and  maize  are  also  sometLmes  used. 


•  mmmaam,  op,  eU,  p.  loa. 

t  Ob  the  Uffu«  of  ft  apirlt  ration  during  the  Afltuuitee  Cuapdgii  of  1874,  Appendix  i!<,  bj 
£.  A.  Parke*,  ILD.,  F.R.S,,  kc.,  WL 
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The  dnnnngs  already  given  \¥ill  also  enable  tlie.se  substances  to  be  dotectei 
Hassall  foumi  about  ball  the  samples  of  oatmeal  adult-era  ted, 

CVtoke  of  Oaifudul, — There  sbould  l)e  a  g<,iod  proportion  of  enTtdope,  W. 
no  branny  character,  which  usually  arises  from  barle}^  busks  ;  tin?  stardi 
should  not  be  discoloured.  A  microscopic  examination  should  always  U 
made,  both  lor  adulterations  and  Acarl 


SECTION  T. 
MAIZE  AND  RFE. 

Both  these  grains  are  very  nutritious  ;  maize  contains  a  large  quantily  I 
yellowish  fat  (6  to  7  per  cent)     The  gluten  cannot  be  washed  out  as  in  wh 
though  this  was  stated  by  (torhani,  who  found  a  special  substance  wbkkj 
temied  **  Zein."     This  is  called  '*  maize-fibrin  "  by  liitthausen.     It] 
very  earefid  cooking,  as  otherwise  much  passes  out  untlige^ted-     My  ] 
I)r   Johnston,    hfis   communicate*!   to   me   the   particulars   of  an   ouii 
of  diarrhtea  in  a  military  prisou  clearly  due  to  ha<lly  co^^ked  maiee.     It  j 
be  soaked  in  water,  but  ntd  too  Joiig  {twc>  t>o  four  hours),  and  then  tboroQ^iIy 
boiled  for  several  hours  (four  to  six)  at  a  rather  low  heat     Maize  cakai  ili 
both  palatable  and  nutritious. 

Rye  makes  a  very  acid  dark  bread,  which  causes  diarrhoea  in  those  imaoeiii' 
tomed  to  it  ;  custom,  however,  soon  remedies  thia,  and,  aa  f ar  as  nutnthi 
value  goes,  it  appears  equal  to  wheat  It  contains  less  vegetable  fibrine^  tad 
more  casein  and  albumen^  and  a  peculiar  odorous  substance. 

Diseases  connected  mth  Maize  and  Rye* 

It  is  presumed  that  alterations  in  the  flour  will  produce  the  same 
as  in  the  analogous  case  of  wheat  Ergotism  is,  however,  more  common  in 
than  any  other  grain.  The  PeDagm  of  Lombardy  has  been  ascribed  to  s 
fungus  (Terderame,  or  YeiMlet)  forming  in  the  mai^e.  Many  volumes,  with 
ditl'erent  statements,  have  been  written  on  this  points,  and  it  is  still  doubtfiil 
whether  or  not  the  Yenlet  has  this  eHect  The  evidence  is  not  snfficient,  hot, 
on  the  whole,  seems  to  me  most  in  favour  of  the  view  which  connoctA  Pella^ 
with  diseased  maii:e. 

SECTION  VL 
BICE. 

The  whole  grain  (psitldy)  deprived  of  the  husk  is  sold  as  rice.  The^ 
nuany  varieties,  of  different  colours  (white,  red,  brown?)  and  composition* 
The  amount  of  nitrogenous  matter  varies  greatly,  from  3  to  7 '5  per  cent  rf 
the  moist  grain.  As  an  article  of  diet,  it  has  the  advantage  of  an  extremt'lj 
digestible  starch-grain,  and,  like  the  other  Cerealia,  there  is  a  great  admixture 
of  substances ;  it  is,  however,  poorer  in  nitrogenous  substances  than  whttSk 
and  is  much  poorer  in  fat  Ckinsequently,  among  rice-feeding  natioia^ 
leguminous  seeds  are  taken  to  supply  the  first,  and  animal  or  vegetable  &ti  id 
remedy  the  latter  defect.     Rice  is  also  poor  in  salts. 

Oookimj  of  Riee. — It  should  properly  be  steamed,  not  boiled,  and  tlie 
steaming  should  l>e  thoroughly  done,  else  the  starch-grains  are  not  sw^Jlifi 
and  digestible.  If  boiled,  it  should  be  for  a  long  time  at  a  low  tempenUta* ; 
the  rice  (or  conjee)  water  contains  some  albuminous  matter,  and  tlie  gT*u^ 
loses  in  nutritive  power. 

Oioice  of  Rice. — The  gndns  should  be  clean«  without  grit ;  the  indiviJail 
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^thout  spota  or  evidence  of  insect-s.     The  size  varies  much,  according 
idnd ;  the  laige  kinds  usually  comnmnd  the  highest  nifirkiit  price.* 

Comparimm  of  the  foregoing  Grairts — Order  of  Ridrfiem, 


ftQbtt&DCCll, 

Fit, 

StarcH,  *c 

Salts. 

^         Wheat, 

■  Barley. 

I    ^ 

■  MaiiM. 

j  Miize. 

jOata. 
Barley, 
Bye. 

Wheat 
Rice. 

Rice. 

Maize. 

Wheat 

Oiits. 
Barley. 

Illlll 

SECTIOX  TIL 
MILLET,  RAGGY,  BUCKWHEAT,  ORAM. 
ranoos  other  gmns  l:>elongiiig  to  the  Cerealiai  or  Uy  other  natural  orders^ 
haying  similar  properties,  are  tiBed  as  food  in  ditfemnt  countries.     Of 
the  above  named  are  chiefly  those  the  niediwd  officer  may  have  to 
*  on* 

llet  is  used  ki^ely  m  Africa  (we^t  coast)  and  AJgeria,  in  Italy,  8i>aiji, 
" ,  some  porta  of  India,  China,  A:c. 


imoQ  millet, 


II  millet) 
Ipiked  miJJet, 


fiotanical  NaiDiM.  Imllan  Ktuoes. 

Sawee  Chennawaree 

(Hindustaiii). 
Vara^oo  (Tamul). 
Ti     *  /Dhurra  (Arabic), 

<  Lholam  ( lamul). 
( Joar  or  Jowree  (Hind.). 
i  Mjra  or  Bajree  (niud,). 
\  Cuniboo  (Tarn id). 


Panic um  miliaceum, 


f  Sorghum     or 
I      vulgare, 


{Kala  kangni  (Hind.). 


Lenay  (Tamul), 


Penicillaria  spicata, 

Golden-coloured  millet^   Sorghum  saecharatum, 

Italian  millet,  Setaria  Italica, 

G^arinan  millet,  Setaria  Germanics, 

/Eaggee  or  Raggy  (Hind., 

T^i      .  J      Canarese,  and  Tamal). 

Eleusme  corocana,  <      -^r    .         nir     1*1 

'  J      Murha  and  Maud  m  the 

\      X.  Pro  V.  of  1 1  industan. 

The  table  sufficiently  oxpressea  the  composition  of  most  of  these.t 

In  100  partB  of  Metd  {freed  from  Bran), 


(Common  MllJet). 


Water,  .        ,         .  . 

Kitrogeoona  sabataQcea, 

I>ertmi, 

Sugar,  ,        .        .  . 

Fat,      ...  . 

Starch, 

SiHca,  .        ,        .  . 


12-22 
©27 

7*43 

69  04 

O'll 


Peniciliaria  tpicata; 
m  kind  of  Mllkt 
mocb  lued  Ln  In- 
dU  under  the  name 


11 '8 
10"13 


4-62 
7175 


Dhtifm  of  the 
Aimbi,  Jo«r  or 
JovAreeof  JndllA. 


70-23 


11^95 
8*64 
8-82 
1-46 

f  mith 
(husks. 


^  Tb«U7ifCergraiB»— effpeci Ally  Iha  American  k tuck— hare  often  much  leaa  (favour  tluin  the 
amolli^r  aud  Ie««  attractive  Indian  kindft, 

t  The  native  nameK  of  the  ludiui  grains  and  pnlsea  used,  especially  in  Bouthem  IndiiL,  sxa 
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The  asb  is  about  3  per  cent,  in  Pamcum,  2*0  in  Penicillftria,  and  H 
SorghuiiL     When  frtied  fmrn  silica,  wliicli  is  pn^seut  in  lai^  amount,  the  mIi 
contains  20  per  cent  of  potash,  24  of  magnesia,  a  little  soda,  no  Uinc,  ml 
about  50  per  cent,  of  phosphoric  acid. 

The  other  millets  {(Set aria  gertfuim^ui  and  Panicum  mn^inaie)  Me  wfj 
similar  in  constitution. 

Millet  bread  ia  very  good,  and  some  was  issued  to  the  troopa  in  the  Wi 
China  Expedition.  This  should  always  be  done  in  a  millet  country,  if  wk«i 
or  l>arley  cannot  be  got  In  Northern  China  millet  is  almost  excluaiTely 
used. 

liaggj  or  Eagee,  Murha  and  Maud  of  the  upper  provinces  (Ehudtu 
corocanft)^  a  millet,  ia  largely  used  in  Southern  India  (Mysore),  and  in  som 
part*5  of  Northern  Himiustan,  and  is  considered  even  more  nutritive  tto 
k'heat*    It  is  very  indestructible,  and  can  be  preserved  for  many  years  (©tttt 

tty)  in  dry  grain  pits. 

lluckwheat  t  and  Oram  are  not  so  likely  to  be  used.  The  former  is  poor  ia 
nitrogenous  substances  and  fat,  but  makes  a  fair  tisting  breads 

(rram  bread  or  cakes  have  l>een  occasionally  used  in  India  for  £iuopeiB% 
i\nd  this  use  might  be  extended ;  the  cakes  are  palatable,  and  extteffld|f 
nutritious,  as  may  be  seen  by  the  tables  (see  note,  page  253), 

SECTION  YIIL 
LEGUMINOSiE^ 

The  LeguminasaB,  in  respect  of  dietetic  properties^  are  broadly 

given  very  fully  in  a  paper  by  Mr  Elliot  (Edinbiirgb  PbiloHOphical  Jootqa],  July  IMS);  il8 
aUo  in  Mr  Comiah's  excellent  paper  (Madr&a  Modioli  Jounml^  February  1864). 

*  For  tlie  Indiati  frniitin  and  pulses,  Dr  Forbea  Watson's  admirable  paper  cua  b«  < 
aha  tbe  piifier^  by  Mr  KlHot  and  Dr  Coraisli  already  referred  to. 

t  Pidi/goHum  Fiu/iipyrufiit  or  Fagtip^^rum  esculentum  (Buckwheat),  luied  in 
Riiaaia,  Uertuany,  and  France, 

In  100  pait«. 


12754 
2-S45 
2-850 
Tbe  Mb  ia  about  1  -09  per  ct'nt.,  and  containd  cbiefly  potajib,  niagneaia,  uwl  phoiphdfki 
Other  spectea  of  buckwheat  nr^  P,  taiariatm  and  /*.  emarffinalum, 
X  Corapoaition  of  Driifii  Grain  :— 


Water, 

Nitroj?enons  suhstanoeji, 

Dextrin, 


Water,      ,         .         .         .         , 
Lt'guniip,  albumen,  and  gluten 

liki'  Hubutanees, 
Celluk>8c, 
Starch  and  Dextria  and  Sugar, 
Fat, 

Chlorophyll,     . 
Salts, 
Potash,     . 
SodA, 

Msgnetim,         . 
Iron, 

Phoflphorie  acid, 
Bui pb uric  acid. 
Chloride  of  potassium, 
Chloride  of  sodiuiD, 
Chlorine, . 


IHtum 
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HI  other  vegetables  hj  their  very  large  amount  of  nitrogenous  suhstaDce, 
peel  legumin  or  vegetable  casein  ;  there  are  in  addition,  a  little  albumen  and 
lier  protein  bcxiies.  The  advantages  of  peas  and  beans  aa  artielea  of  diet 
p  the  great  amount  of  this  substance,  and  the  existence  of  much  sulphur  and 
losphoms  in  combination  with  the  legumin  ;  in  salts  also  they  are  a  iittlo 
iher  than  the  C^realia,  especially  in  potash  and  lime,  but  are  rather  poorer 
I  plaoephoric  acid  and  magnesia;  1  Ih  of  peas  contains  about  168  grains  of 
Ite.  The  disadvantage  of  peas  and  beans  are  a  certain  amount  of  indigeati- 
lity ;  a>xjut  6*5  per  cent,  of  the  ingested  pea  passps  out  unchanged,  and 
Bircb-celli*,  giving  a  blue  reaction  with  iodine,  are  fuumi  In  the  faeces ;  much 
ktUB  is  also  produced  by  the  sulphuretted  hydrogen  formed  from  the  legumim 
pUv  they  are  a  most  valuable  article  of  foo<ij  and  always  ought  to  be  used 
iften  much  exercise  is  taken^  as  they  are  an  excellent  addition  to  meat  and 
piealia.  Both  men  and  beasts  can  he  nourished  on  them  alone  for  some 
kne.  Added  to  rice,  they  form  the  staple  food  of  large  populations  in  India,* 
tr  Cornish  mentiona  that^  in  the  Sepoy  corps,  the  men  are  much  subject  to 
tarrhoBa  from  the  too  great  use  of  the  "dhoU"  (Cajanns  intikm), 
I  Ohoiee  of  Pea, — By  keeping,  peas  lose  their  colour,  beciime  very  pale  and 
mcli  shrivelled,  and  extremely  hartl.  Anything  like  decomj^oBition,  or 
p^rtence  of  insects,  \b  at  once  detected.  The  powder  does  not  keep  very 
bm^  ;  the  whole  peas  should  be  split 

[  The  micpoecof>e  should  be  used  t-o  detect  the  Acarus.  The  characters  of 
lie  Pea  and  Bean  Starch  have  bec?n  already  given, 

Cooking  of  Peas  and  Beanfi, — -Tbey  must  be  boOed  slowly,  and  for  a  long 
bne,  otherwise  they  are  very  indigestible.  If  old,  no  amount  of  bcjiling 
[xftena  them ;  in  fact,  the  longer  they  are  boiled  the  harder  they  become ; 
bey  ehoidd  then  be  soaked  in  cold  water  for  twenty-four  hours,  crushed,  and 
beared  ;  in  this  way  even  very  old  peas?  may  lie  made  digestible  and  palatafile. 
ih&Ik-water  must  he  avoided  in  the  case  of  peas  as  of  other  vegetables,  aa  the 
kne-saltB  form  insoluble  compounds  with  the  legumin. 

}  Z^hynu  sativus  {KESsareeniholl  of  India). ^Occasionally  in  Europe,  and 
mstantly  in  some  parte  of  India,  this  vetch  has  been  us^d  when  mixeii  with 
peiit  or  barley  flour  for  hreatl  "V^^hen  used  in  t4)o  grt*ai  quantities,  it 
podncee  (without  there  being  necessarily  any  alteration  of  the  grain  1 )  con- 
ipation,  cohc^  and  some  form  of  indigestion,  and  if  eaten  in  large  quimtity, 
^mplegia.     It  is  also  injurious  to  horses,  but  less  so  to  oxen.     In  Bengal, 


^  Chief  Indian  Pe&a  anil  Beans  (after  Forbefl  WataooK  in  100  ports  (witliout  hunlcs) :  — 


Nitrogenous  sub<  | 

j  Starch, 
Mioenl  Matters, 


i  PhOM^UM 


PiMum 

Bombay   ll^;^^;^^*^^    -0.,re«l 


11*79 
27-96 

1*47 

56 '36 
2*48 


10-63 

2218 

l'&5: 
e2  13 
S'll 


12^44 
2478 

1-86 

3  17 


Sojti  hi*- 
pi^ia^iA 

Bein) 
Bhaot  of 

India. 


10-26 

sass 

10  61 

26  66 
4-14 


IMIthM— 
(A  Betn) 

Wall  &r 
Gh«»-waU 
or  Co(9ltce 

of  iDdti. 


1^*03 

23-27 

2*20 

60*38 

3-19 


ikHt— Len- 
til, ciUled 
nholilike 
tbeCajim- 
UB.  or  MuB- 
af>r>T  In 
Hlnduip 
tRnLt 


Cic^rarie- 
tinum — 
Qmm  or 

GTanidliall. 


11-84 
26-16 

i*2e 

60*85 
1*92 


11*39 

2270 

378 

63-18 

2*60 


I 


t  Hot  IQMd  hf  ilie  Hind  an,  on  accoqnt  of  It^  rod  blood! -Ukc  colnnr. 

t  A  unit  oU  U  oflen  mlxod  wltb  Dholl,  which  lnCTea«<»  tht  fatter  matter  tQ^Gfipvt  oent. 
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Dr  Ir^ing'*^  found  in  some  Tillages  no  less  than  from  10  to  15  pet  < 
people  paralytic  from  tbis  cause. 

From  its  coiBx>oaitioti,  it  would  not  appear  to  be  mnutritioufl. 
huskfi,  it  is  conii>o^eil  ol — 


Nitrogenous  substances,  27*96 
Fat,  ...  .  1-47 
Starches,      .         ,         .     56-30 


Ash, 
Water, 


SFXTION  DL 

STARCHESt  AXD  SUGAR, 

Sdb-Section  L — Akhowbqots. 

Maranta  Arrotfrroot  (West  Indian), — The  chief  kind  m  obtained  hm\ 
Mnntntn  arimdinafea.     The  quality  of  Hklaranta  arrowroot  is  judgvduf  1 
whiteness  ;   hy  the  gi-ains  being  aggrc-guted  into  little  ItLmpa,  and  bj  ^  j 
being  reatlily  UKidu,  and  being  firra,  colourless,  transparent,  and  gonA  ' 
The  jelly  n-^maius  iirm  for  three  or  four  days  without  turning  tliin  (X  i 
whereas  potato  dour  jelly  in  twelve  hours  l>ecome8  thin  and  acescent    Pd 
the  microacope  the   starch  gtuins  are  easily  identifimL      Tliej  aiw 
ovoid,  like  potato  starch,  but  have  a  mai'k  or  line  at  the  larger  end  (thi  ] 
of   the   potato  starch  is  at  the  smaller  end),  the  concenteLc  lines  an 
nisn-ked.     The  most  common  adulterations  are  sago,  tapioca,  and  pot^il 
All  these  etarch-grains  are  readily  detectcnl  by  the  microscope. 

Curruma  Airowroot. — ^ Arrowroot  obtained  from  the  Curcuma  Iibs  Uka 
physical  characters  as  Maranta,  hut  under  the  microscope  the  stan^-^rujid 
large  and  oblong,  marked  with  very  distinct  concentric  lines,  which,  J 
are  nut  entire  cii'cles,  having  an  indistinct  htlmn  at  the  smaller  eni 

Man'ihot  Arroicmof. — This  is  obtained  from  Rio.      The   starch-giwni I 
very  marked.     (See  Plate  of  Starches.) 

Taccu   or  Ottilieiti  Arroitruot — I  have   neveer  seen   this    ant)wiool»  1 
Hassall  gives  a  figure  which  shows  that  the  starch-graina  reaemhle  tlm] 
the  Mamhot 

Arum  Arramroot—Thsi  Arum  or  Portland  arrowroot  has  small,  \ 
and  facetted  starch-grams,  which  cannot  bo  confounded   with  anv  of  I 
former.     They  are  a  little  like  maize.     This  is  sometiim^s  called  *Pof1 
Sago. 

Brituh  or  Potato  Arrowroot— VnAev  the  term  **  Farina,'*  potato 
sold  in  the  market ;  bo  white  and  crackhng,  and  making  so  good  a  jeOj,  \ 
it  is  not  always  easy  to  distinguish  it  fruui  Manihut.     The  microscope  al  4 
detsicts  it  {see  page  232).     The  pear  shaped  grains,  marktid  hiluni  to^v^iA^ 
smaller  end,  and  the  swelling  with  weak  liquor  potasaae,  render  a 
impossible.     In  making  the  jelly  a  much  larger  quantity  is  requiiwl  tbssi 
the  Maranta  arrowroijt. 

Camia  t/r  Tons  les  Mois  Arrownyot. — The  starch  grains  are  like 
the  potato^  but  much  larger,  and  the  concentric  lines  are  beautifullj  ] 
and  distinct.     (See  Plate  of  Starches.) 

Sub-Seotion  IL — Tapioca. 
This  is  obtained  from  the  finest  part  of  the  pith  of  Jairopha 


'  TucBan  Annal.s,  1S57.     Tbiib,  Jm.  1868,  p.  89,  Dr  Inrioe  notloea  ttie 
iiptoras  to  the  BarbiftfR  of  Boritiiw, 
[  t  £^  table  !».  265 ;  and  plate  of  drawiags  by  Dr.  Maddoz  farther  oa« 


vemmMtaae  «i  i 


TABULAE  SYNOPSIS  OF  STAKCHES. 
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Under  the  ndcroeoope  the  etarch-grains  &re  eniall^  with  a  central  hilmn ; 
Hid  aometimes  thn^c  or  four  adhere  together  aiid  form  compoimd  gmiim 
I    It  is  adulteratt'd  with  sago  and  potato  fitan^h,  both  of  which  on*  e\ 
pMected  by  the  mierosoope.     (See  Plate  of  Starches,) 

SuB-SKOTioBr  UX — Sago. 

bjilie  best  kinds  are  derived  from  the  sago  palm  (Sagus  fannifera\  \mi  the 
Hp>  of  the  CycfJn  elrcuadU  is  also  sold  ;  it  is,  however,  inferior. 

Gtanulated  sago  ia  either  *' common  "  or  *'  pearl ; "  the  latter  is  ehieilj  used 
In  bospttak.  .  lie  starch  is  soluble  in  cold  m  well  aa  in  hot  water.  The 
Itarch'giaina  are  elongated,  rounded  at  the  larger  end,  and  comi>rt^.8sed  at  the 
i>tlier ;  and  hence  their  shape  is  quite  dilferent  from  the  potato  starch.  The 
hiluni  is  a  point,  or  more  often  a  cross,  sHt^  or  star,  and  is  styited  at  the 
amaller  end ;  whereas,  as  in  the  Maranta  ari-o^vToot,  the  kdum  is  at  the  larger 
end-     Rings  are  more  or  less  clearly  seen. 

In  the  market  is  a  factitious  sago  made  of  potato  flour.  Tliis  is  sometimes 
Doloured  re«i  or  brownish,  either  from  cochineal  or  sugar.  In  thirty  sjtecimena 
BasaaU  found  five  to  be  fictitious.     Tlie  microscope  easily  detects  potato 

It  is  sometimes  difticult  to  remember  the  characters  of  the  diHerent  forma 
j>f  starch,  but  it  may  be  to  a  certaiu  oxttjut  facilitated  by  a  tabulated  arninge- 
menL    The  following  table  has  been  compiled  by  Dr  J.  D,  Macdonald,  RK.* 


icroscopieal  discnmination  of  the  pnneijpal  Arroitroots  mid  Starches, 


Siartheg  with  isolated  smooth  or  unfacetted  grains,  being  originally  free 
"tii©  cell  cavity. 


G«iient  Cham^^reTTi 


J^ann, 


Miium, 


Hilum  at 

the  tmall 

end,  gniiiu 

large. 


Hilnra  nt 
tbe  larger 

medium 


PmrtlcoJar  ChAracten, 

Form.  Hilum* 

OiitHne  even.     Con<    Biliua  dktiact. 

tinuouis  rings,  in- 

cludtn|7  moF«  than 

h&li  the  graim 
OatliaeeveiL    Con- /Hlliiii]  distinct. 

tinaoES  TizigB»  in- ) 

eluding  less  than  | 

half  the  grain.         I,  HDiun  indistinct. 

Outline        uneven,    Hilum  slit-lilce,  tri- 
oftuQ  with  beak-        radial  or  eruciui. 
like  projectiotiH, 


Name, 


Potflto ;     British 
imowroot. 


Toufl  -  les  -  niojs 
(Caima)  arrow* 

Curcunift  arrow- 
root. 

BermndR  (Moran' 
ta)  arrowroot. 


Hilam  similar,  but 
leas  apparent. 


St  Vlooent  «tow- 

TOi)L 


Outline  more  even, 
heuk  lo4ftfr(»qiient- 
ly  Aeein. 

Whole    grain    still    Hilum  i^imilar,  but    Natal  aiTOwroat, 
aiitoother         and        still  kss  marked, 
more  iiegnlar. 


f      tin  «        f  Grain 8  often  broad 
{     lateral 


Grainii  narrower  and 
more  anifortu. 


Hnnm 
centraL 


/  Form  lenticuUr. 
\  Form  aphericaL 


Hilum       cleft- like, 

fiuckeredj  irregu- 
ar. 
Hilum  leas  puckei-ed 
and  more  rt'guJar. 

/Surince    convex    at 

)      thu  hilum. 

j  Surfjicif  depr««»ed  al 

\     the  hilum. 

f  Hilum  onen  deeply 

\     figured,  star  like. 


Bean  starch. 

Ptm  starch. 

Wheat  starcb. 
Barley  starch* 
Rye  starch. 
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II.  Starches  with  the  gmns  facetted  by  original  juxtapofiitioii  In  the  cd 
cavity.     Hiiiim  central. 


A.— Often     presenting     tbe 
rounded    tree    aurface    of  J 


r  Hiliini    often 


cavernous. 


mins  originally  auporficial  ] 
m  the  cluster. 


Hilum 
I    l&te. 


( Hilum 
Ute. 


f  Grams  very  tar^. 

I    (RingB  sinuoug,  iJTega1«r.) 

[ 

*^*  <       (Like  Tapioca  without 


Sm&ll. 

(Bi^  in  miniature.) 


B. — Altpgeiber  facetted. 


stel* 


preporitlon.^ 

fSmalL 

(Diflcoidal  with  facetted 
{  margiiL) 


Hilum  incon-  J  y^^^i 


'  In  rounded  jb^Io- 
meniliorcoRi* 
pound  gimms, 
and  free. 
Cloiely  packed 
in  the  cselJe^ 
and  &ie(L 


RioflL 


Sub-Sectton  IV. — Sugar, 

Chinee  and  ExaminaUQn. — The  sugar  should  be  more  or  less  white,  faj^ 
tallino,  not  evidently  moist  to  the  touch,  and  should  dissolve  entirely  in  waUf, 
or  leave  raereiy  small  fragments,  whi^h  on  examination  with  the  microsojjjf 
will  he  found  to  be  bits  of  cane.  The  whitt^r  the  quality  the  less  i^  the  pe^ 
centage  of  wat<*r,  which  varies  in  diflerent  kin<ls  of  sugar,  from  about  *25  pi« 
cent,  (in  the  finest  sugars)  to  9  or  even  10  per  cent  (in  the  eoone  httjwn 
sugars). 

The  unpurified  atigars  contain  albuminous  matters  which  decompose^  oiktt 
a  sort  of  fermentation  occurs.  The  Acarn«,  or  sugsir-mite,  is  usually  fooBil 
in  such  sugar,  which  is  not  known  to  be  hurtful  Fungi  also  ars  yeij  b^ 
quently  present. 

Method  of  Bxamincdion, 

1.  Determine  physical  clmracters  of  colour,  amount  of  cryetollisatian,  ftiCL 

2.  Dissolve  in  cold  water  ;  fragments  of  cane,  starch,  sand,  gypsum,  phfli- 
phate  of  lime  are  left  behind  ;  test  with  iodine  for  starck  The  best  war  is  to 
dissolve  under  the  microscope,  as  all  adulterations  are  then  at  once  detectoi 

3.  Determine  percentage  of  water  by  drying  thoroughly  10  gFanmi««i  id 
again  weighing. 

4.  Excess  of  glucose  (a  little  is  always  present)  is  detected  by  the  lil^i 
immediate  action  on  the  copper  solution. 

SECTION  X. 

SUCCTJLEKT  VEGETABLES 

Almost  all  other  vegetables  are  used,  not  so  much  on  account  of  nutntm 
qualities,  as  for  the  supply  of  salts  ;  some  of  them,  however,  contain  Ttrf 
digestible  starch  and  sugar,  or  other  substances,  such  as  pectin  or  aipangiDt 
or  peculiar  oils  which  act  as  condiments,  aa  in  onions. 

Sub-Sectiok  I.— Potatoes  (Solakum  Tubkrosum). 
The  composition  has  been  already  given  (p,   195).     The  salts  are 
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It  will  be  observed  from  these,  and  from  the  tables  already  given, 
i  the  amount  of  potiieh  and  ]*hosphoric  acid  m  not  so  great  as  in  some  other 
Btances  ;  the  true  uae  of  the  potato  is  probably  to  be  found  in  the  large 
nmt  of  salts  (malate«  ?  tartrates  1  citrates)  which  form  carbonates  on 
inention*  The  juice  of  the  potato  is  acid*  There  is  no  better  antiacor- 
te  than  tbejjotafco,  and  it«  starch  its  very  digestible.  The  citric  acid  is  com- 
ed  with  p*:)tash,  soda,  and  lime. 

i&  th#^  amount  of  salta  ia  small,  and  that  of  water  large,  at  least  8  to  12 
toes  of  potatoes  ehoultl  be  taken  daily  if  no  other  vegetables  are  eaten 

8  ounces  at  1  per  cent,  of  salts  contain  35  grains ;  at  1*5  per  cent.  -  52*5 
Ins)* 
fhoiee, — Potatoes  should  he  of  good  si^,  finn^  cut  with  soma  resistance, 

present  no  evidence  of  disease  or  fungi 

L  still  kitter  judgment  may  be  formed  by  taking  the  specific  gravity,  and 
ig  tht?  following  tables  : — 

W*i/f>c*'.— The  solids  can  l>e'  determined  by  taking  the  specific  gravity,  and 
tiplying  it  by  a  factor  taken  from  the  table  below,  and  dividing  by  1000 ; 
result  is  the  percentage  of  auUds  : — 


SpeclAc  fcrmrltj, 
bdwecn 

1061—1068 
1069— 10T4 
1075—1082 
1083—1104 


Fictor. 

16 
18 
20. 
22 


1105—1109 
1110—1114 
1115—1119 
1120—1129 


24 
26 
27 
28 


the  starch  alone  is  to  be  determined,  deduct  7  from  the  factor,  and 
eeti  as  ahtove^  the  result  is  the  percentage  of  starch- 
the  specific  gravity  of  the  potato  is— 


I 


Below 

1008 

The  quilily  is  very  bad. 

Between 

1008—1082 

,,           Inferior. 

Between 

1082—1105 

„            rather  poor. 

Above 

llOn 

he»t. 

Above 

1110 

I,  However,  the  medical  officer  will  seldom  have  an  hydrometerf  which 
give  so  Mgh  a  specific  gravity,  and  must  work,  therefore^  with  a  common 
>iEteter,  the  following  plan  must  he  adopted  :• — Take  a  sufficient  quantity 
rater,  and  dissolve  in  it  i  an  otince  or  an  ounce  of  salt,  and  take  the 
ific  gravity  ;  then  add  anotlier  i  ounce  or  ounce,  and  take  again  the 
Ific  gravity  ;  do  this  two  or  three  times,  so  as  to  get  the  increase  of  specific 
ity  for  each  addition  of  a  known  quantity  of  salt ;  then  aiid  salt  enough 
ring  up  the  specific  gra^dty  to  the  desired  amount.     This  is,  of  course,  not 


F^laia,«Pen»atage  amoimt  of  ash  1*  to  1  -5«     Mineral  conatituents  m  100  of  ask. 

{Way.)        CFromlwrg.) 
Chloride  of  sodi  vim,        343 
CwHonic  acid  (from\ 
the  liiclnei-atiou  of  VIS -SO 
organic  acid«(),        } 
pboricacid,        .    ISan  10  10  Oxide  of  iron,  ,        f 

Unrie      „  .      4*(t6  1467  SlUcttto  of  alumina^        1'05 

rid«  of  potasfiiim, 

m  oarboDAte  of  potaMium  is^  produce*!  in  the  incinemtion  from  the  vegetable  ealta  (citmte, 
^  tartnte  of  potasHinm  k    An  un^l ysij»  ^t  Voji^id's  p\m  no  leaa  than  21  per  teul  of  carbomilti 
** — ^ttm  and  84  per  cent,  of  ciLriionate  at  Hotl'mm  m  3*10  of  ash, 
Ta  or  Twaddell'a  hydrometers  are  the  h^sX  for  the  purpoHe. 


(WMy.> 

{Frornberg, 

.     40  GO 

50-23 

3-7 

.       &-70 

44 

.       454 

0  83 

.  isan 

10  10 

.     4'ei6 

14-67 

tt,    ... 

1176 

258 


FOOD. 


quite  accurate,  but  in  the  absence  of  proper  instnmienta  it  ia  tbe  onlj  pUa  I 
can  devisa 

Coakhiij  of  Fofaioes, — Tbe  skins  should  not  he  taken  off,  or  a  laige  tammi 
of  Baits  passes  into  tho  water  ;  using  salt  water  is  a  good  plan,  aa  fewer  d  \k 
Baits  then  pass  out.  The  boiling  must  be  complete,  as  the  starch-giaimia 
otbarwiae  undigested,  and  it  must  he  slow,  else  the  celluloee  and  alhumiaitai 
are  hard.  Steaming  potatoes  is  by  far  the  best  plan  ;  the  heat  moit  bi 
moderate  ;  the  steam  penetrates  everywhere,  and  there  is  no  loes  of  fialftL 

Preservation  o/Po^afae».— Sugar,  in  the  form  of  mokaae^  ia  the  befllphs 
on  a  large  scale  ;  a  cask  is  iiUed  with  alt^^rnate  strata  of  mokaeee  aiul  yiM 
and  sheed  potatoes.  On  a  small  scale,  boiling  the  potatoes  for  a  few  imaottf 
"will  keep  them  for  some  time.  Free  exposure  to  air,  turning  the  potatoes  om 
and  at  once  removing  those  that  are  bad,  are  useful  plana.* 

The  preserved  potato^^^  are  sliced,  dried,  and  granulated,  and  when 
prepared,  are  extremely  uscfid. 

The  Sweet  Potato  and  tho  Yam  are  somewhat  similar  to  the 
potato;  see  below  in  foot-note. f 

Sub-Section  IL — Otheb  Vegetables, 

Tho  composition  of  Carrots  and  of  Cabbage  has  been  already  given  (p»  IS 
Two  or  three  of  the  common  kinds  of  vegetables  may  be  added— 


Turnip      (Brassica  ; 

rftpa),  .  .  I 
Furtiuip   (Fastinaea  i| 

Baiiva),  ,  .  \ 
Jerusfdem  articliokR  * 

{Eelianihus  tuht-  j^ 


Water. 


90*60 
62*01 

76-35 


AJbtimen 


1-100 
1-216 

0  '900 


Starcli, 
Dextrliu 


1-000 
6 '389 

19-000 


FfeL 


0-S46 
0-900 


w«<kd]r 


2-400 
8-02S 

1-220 


Other  vegetables  contain  special  ingredients,  such  as  asparagin  in  i 
(a  small  amount  is  also  contained  in  potatoes),  wax,  pectin,  which  10  %  \ 
more  oxidised  than  starch  or  sugar  j  or  pecnLiar  oils  and  savoury  or  « 
matters. 

On  account  of  its  volatile  oOs,  the  onion  tril>e  is  largely  naed,  1 
capital  condiment,  and  has  an  effect  as  an  anti-acorbutic. 

•  Is  tbe  Crimean  war  there  was  1  oonsidar&bla  loan  of  potatoes  Bent  up  to  Balakkn*  nA  i 
ft  time  whet]  tlio  men  were  tnost  in  need  of  them.  The  addition  of  sugar  to  tlw  nm  patrta» 
might  have  iMi^n  tuaile. 


t  awKKT  Potato  {Costolvct,™  Batat4). 
Compoflltiou  per  cent.— 

Water,  .        ,        67-6  to  7S 

Starch,  .        .        13    to  Ifl 

Sn|?ar,  .        ,  Q     to  10 

Pec  tic  -m,    .        .  1'2 

This  ve^t&btfl  i«  very  rioli  in  sugar  and  In  salt^i. 


Albumen,  .        .        ,        15 

Fat.  ....  t 

Salta.  ,  .  .  .  2-* 
C4sUulo«ie,  ,  ,  ,  2"5 
It  may  be  njefully  emptqyvd  for  1 


Wbererer  It  oui  be  procured,  in  lien  of  polHtoea,  for  some  time. 

Yam  (BtoscuBKA  Sativa). 
ComT'oaition— 

Water,       .        •        ,        .        7^  PetiLm, 

Albuminatea,     ...         2  Celtulooe, 

Starcb,      ....        16  Fut, 

Sttgar,        ....  "2  Suit*, 

Tlda  aljio  la  a  naeful  vegetabki  though  iufeiior  to  the  potato  and  batata. 
for  soldiera  in  tho  Weat  oad  East  Indies, 


I« 


7t  Uti 


h 


MILK. 
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>liion  contains  some  citrate  of  Hmo, 

rhere  are  many  vegetables  which  can  tte  employ eti  as  anti-scorliutic-B  besides 
onions,  and  green  vegetables.  The  wild  artichoke  and  the  Agave 
na  (cactus)  are  both  excellent  anti-scorbutics,  and  the  latter  is  said  to 
er  than  lime  juic€.  Sorrel,  and  in  a  lejss  degree  scuny-grass  and 
and  cress,  are  usafuh  In  New  Mexico  a  salail  nmde  ol  the  **  iambus 
Br"  (Chenopodium  aihum)  has  been  found  very  useful* 
:&  war  almost  any  kind  of  vegetables  may  be  iimd  rather  than  that  the 
km  should  be  left  without  such  food*  In  one  of  the  Catfre  wars,  an 
^can  corps  kept  free  from  sciu-vy  by  using  a  sort  of  grtusa  (])  in  their 


ne 


tie  dried  vegetables,  and  especially  the  dried  potato,  have  considerable 
fcX-ecorbutic  powers  (Arrastrong).f  The  dandelion  was  laigely  U8«d  in  the 
fifciich  army  in  the  Crimean  war.  The  American  Indians  put  up  for  winter 
Entities  of  dried  plums,  buttalo  berric-s,  and  choke  berries,  and  thus  escaj>e 
trvj  {"  Hamilton's  MO.  Surg,''  p.  212). 
b  vegetables  cauiiot  be  procured,  citrate,  tartrate,  and  lactate  of  potassium 

' '  be  given, 

SECTION  XL 


COW'S  MILK, 

cow  give5  very  variable  quantities  of  milk,  according  to  food  and  race, 
d  age  of  the  calf ;  p3rhai>8  20  to  25  piuta  in  twenty-four  hours  is  the  average 
r  the  year,  but  with  poor  feetling  it  will  fall  much  below  thia ;  occasionally 
BOWj  aoon  after  calving,  will  give  50  pints,  but  this  is  not  common.  A  goat 
ill  give  6  to  8  pint& 

Sub-Section  L — Mile  ab  an  Abticlb  op  Diet. 

ItlUk  contains  all  the  four  classes  of  aliment  essential  to  healtlL     Being 
tended  esj^ecbiUy  for  feeding  during  growth,  the  proportions  of  nitrogenous 
botanC'es  and  fat,  as  comf>ared  to  sugar,  are  large. 
ll»rage  compmtion  of  ITmfcimmed  MUL—A  certain  propnrtion  between 
fat^  and  sugar  must  exist. 


Per  ct;nt. 
Specific  gravity, 
1030.         1026. 

4  3 

37  3 '9 

,     5  3-9 


Salte, .  .  . 
Total  solids, 
Water,     .     . 


Per  cent.    ^ 
SjiGcitic  gravltVi 
1030,         1026. 

•6  5 

13"3t        9*0 
867        90 '1 


TbB  eaeein  is  by  some  supposed  to  be  a  combination  of  albumen  with 
itash  (Hoppe-Seyler). 

•  BliL  Med.  and  Surg.  Easavs  pwjpared  for  th«  U.S.  SatiiUiry  Crjtn.  1S64,  p,  202. 
^  Nftvat  Hraicme  p.  11*2.  lu  the  AmericAD  wat,  howevtir,  the  anti  si^orbutic  eflects  of  the 
*ied  T^getabfei  were  not  found  to  be  very  gruMU  I  found  that,  in  a  mund  mw  potato^  the  atnoant 
f  free  Jinti  combined  acid  | reckoned  aa  citric)  woi  0-4503  per  cent.  ;  and  that  in  the  preened 
>i»io  ufH?d  in  the  Arctic  Exp&ditioa  nS75-&)  it  waa  \'085;  or  \n  the  ratio  of  1  to  24.  From  tklfi 
e  find  tliAt  7  ounces  of  the  pre<-ervpd  potato  cotitaluet!  th<i  efiuivuleiitof  31 J  fi^auis  of  citric  acid, 
r  one  oun<»  of  nairy  lime  juice.  The  fattoti  usually  issued  (2  to  4  oiini^cs)  is,  therefore,  too 
uaIU  unleM  other  &iitieicorbutics  bw  given.  (See  report  of  Committee  on  Scurvy,  Appendix, 
liLSftT*.)    (F.  d«C.> 

%  Wouklyn  contidere  avenige  oomitrj  milk  to  contain  12-5  per  eent.  of  aalidj,  of  vhich  3*S 
iitt  are  fat,  ancl  9*8  are  solids  not  fat.  The  Society  of  Public  Analysis  propostid,  as  a  inini- 
lum  for  new  milk,  9'  per  ceot  of  iolids  not  fat,  and  2  5  of  tat ;  for  Bklm  milk,  0*0  eoUda  mqI  tat* 
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In  addition  to  casein,  a  small  qimntitj  of  trae  albumen  remains  in 
after  the  casein  liaa  been  tlmjwn  down,  and  there  is  also,  according  to  MilJcui,' 
another  albuminoid  auhsttmce,  which  he  calls  lactoproteiiL     In  cow*t 
tbe  anKinnt  of  albumen  is  naiil  to  l>e  5  "25  grarome^  per  litre  ;   the  amoi 
lactoprotein  is  much  smaller,  but  ha«  not  been  very  precisely  detenmnod. 

The  amount  of  salts  varies  from  '5  to  '8  per  cent,  but  seldom,  if 
exceeds  1  j>er  cent.     This  m  of  importance  in  the  detection  of  adiilteiatiflii 
salts.     In  poor  milk  the  salts  may  be  as  low  as  '3  per  cent. 

Milk  is  very  largely  used  in  some  countries*,  especially  in  India  and  TaitiiT, 
where  the  use  of  the  koumiss,  prepared  from  mare's  milk,  has  been  suppowd 
to  prevent  phthisis. 

Milk  varies  in  quantity  and  corapoBition  according  to — l^  the  age  of  cow; 
2ff^  the  number  of  pregnanciea,  less  milk  lieing  given  with  the  first  call 
(HftS8all) ;  3if,  to  the  age  of  the  calf,  being  at  first  largely  mixed  will 
colostrum  ;  4M,  to  the  kind  of  feeding,  beet  and  canxit  augmenting  the  sugir  i 
6 /A,  and  remarkably,  according  to  the  race,  some  cows  gi\'ing  more  fat 
Alderneys),  others  more  casein  (as  the  long-hf»ni8).  The  last  portion  ol 
milk  given  in  milking  is  richest  in  cream  (Hassall). 

Wanklyn  states  that  the  proportion  of  6<jlids  is  more  stable,  and  never  h& 
below  1 1  '5  per  cent.  In  Sweden,  the  milk  of  a  hertl  of  cows  being  mfllrwl 
daily  for  a  year,  the  solids  never  fell  to  115,  and  only  4  times  to  12  per  oeak 
(Wauklyn); 

The  goat's  milk  is  rather  richer  in  solids  (14 '4  per  cent, — ^Payen),  and  oj> 
tains  also  a  pecidiar  smelling  acid  (hircine  or  hiicic  acid).  Specific  gm^, 
1032-r03S. 

Asa*s  milk  ia  rather  pcmrer  in  soli^ls  (9 "5  i>er  cent.^ — ^Payen).  This  is  owtnjr 
to  a  small  amount  of  casein  and  fat ;  it  is  rich  iu  lactin.  Tlie  specific  anHtj 
varies  from  1023  to  1035. 

The  buifalo  milk  is  richer  in  all  the  ingredienia. 

Taking  the  total  soliils  of  cow's  milk  at  only  ten  per  cent  (s|)ecific 
1026),  one  pint  (20  ounces)  will  contain,  in  round  numbers — 

Casein,  ......  262  grains. 

Fat, 217     „ 

Lactin, 341     „ 

Salt^  ,,...,  42     „ 

Total,        ...         862 
or  ver3^  nearly  2  ounces  avoir,  of  water-free  food. 

To  give   23  ounces  of  water-free   food  (or  one  day's   allowance  for  tf , 
adult),  rather  more  than  11   pints  of  milk,  of  specific  gravity   1026,  i 
necessary.     For  an  adult  this  would  bo  far  too  much  water,  and  the  fat ' 
be  in  great   excess.     But  for  the  rapid  fornmtion  and  elimination  of 
young,  the  water  and  fat  are  essential     It  ia  a  question  whether,  in  oVLi 
large  quantities  of  milk  might  not  be  a  remedy  for  failures  in  tissue  fonnfttioD^ 
and  elimination.! 


•  Oomptes  Retidiw,  t,  Hx.  p.  2M. 

f  CoaimaiUe  (Complea  RenduSt  Nov.  0, 1868)  found  crpatinine  in  tome  putriil  mLrtc. 
h«  tbinkfl,  from  cre&tin.     Me  admiiit  d«o,  after  Lefort,  Ibftt  thero  »  a  HttJv  ut«A^    Hi 
ako  lome  organic  acida,  the  nature  ofiwhioh  la  dnubtfuL 

I  Some  observations  of  Dr  8ubbolia  {\' irebow  s  Art'liiv,  band  xxxvi,  p,  561  >  on  lite  •• 
bltcbfM,  >how  A  morked  effect  by  fond  ;  the  fat  wns  much  ]iicren«ed  by  meai ;  the 
Uam  affected  ;  a  large  qiiaTjtily  of  fat  greatly  Ie5st*iie<i  the  secretion. 

i  ThiA  wuA  a  point  dtbatuil  t>j  Galen,  bo  old  la  this  i»uggeatian.     It  ia  stUl 
old  pfirscins  cannot  digest  milkr 
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Sub-Skctiok  II,— Alteratioxs  of  Milk. 

.  risei  in  from  four  to  eight  bonrs  ;   it  is  hastened  by  adding 

liter,  hut  its  quantity  is  not  increased  (Hfissall). 

alters  on  standing  ;  it  absorbs  oxj'gen^  and  gives  oft*  carbonic  acid  ; 
1  in  contact  with  a  volume  of  air  gi-eater  than  its  own  bulk,  it  aliflorl>8 
le  oxygen  in  three  or  four  days  {Hi>pi>e-Seyler),  The  carbonic  acid  is 
id  at  the  exi)ense  of  the  organic  miitter  (probably  casein — Hoppe-Heyler), 
todies  richer  in  carbon  and  hydrogen  are  formed ;  fat  increases  in  amount, 
oxalic  acid  is  said  to  be  formed. 

bftequently  lactic  acid  is  formed  in  large  quantities  from  the  lactin  ■  the 
becomes  turbid,  and  tiiially  casein  is  deposited.  The  cream  which  had 
ously  lisen  to  the  surface  disaj^pears. 

L  Milk  given  hy  diseased  Cowi, 

Wk  from  diseased  aninuils  soon  decomposes ;  it  may  contain  colostmni,  or 
H(  granules  collected  in  roundish  massee^  pus  cells,  or  epithelium,  and 
Rially  blixKi  It  then  soon  becomeB  acid,  and  the  microscope  usually 
'»  abnormal  cell  forms,  and  casts  of  the  lacteal  tubes, 
cattle  plague,  it  is  said  by  Husson  that  the  lactin  lessens,  while  the 
[enous  matters  are  increase^l,  and  blootl  and  aggregated  granules  are  seen 
'  the  microscojie.  In  foot-and-mouth  disease  the  specific  gravity  rapidly 
from  1030  to  1024),  though  tliis  is  not  invariable  ;  there  are  granular  heaps 
-  the  microscope,  and  often  blood  or  pus  cells ;  Mr  M* Bride  says  pus  can 
10 d  for  a  month  after  recovery,  BacU^ria  and  small  oval  and  round  ceils 
«nnion.  Figures  of  the  microscopiwd  apj>earances  are  given  in  some  very 
papers  on  the  subject  in  the  Bniish  M&Iktd  Joimial^  Oct.  1869.  The 
sometimes  coagxdatcs  on  boiMng. 


W  Sub-Sbction  ITL — Examination  of  Milk. 

Lb  is  intended  first  to  determine  the  qnalifcy.  Put  some  of  the  milk  in 
g  glass,  which  is  graduated  to  100  parts  ;  a  100  centimetre  or  hti'e 
lie  will  do,  or  a  gLiss  may  be  specially  prepared  by  simply  mai'king  with 
lAses  100  equal  lines  un  a  piece  of  jjaper,  and  gumming  it  on  the  glass, 
f  it  to  stand  for  twenty-four  hours  in  a  cupboard  secured  from  currents 
.  By  this  means  the  percentage  of  cream  can  be  seen,  and  the  presence 
josit,  if  any,  observed.  There  shoidd  be  no  deposit  till  the  milk  decom- 
j  if  there  be,  it  is  probably  chalk  or  starch. 

&  cream  should  be  fipom  y^tt*^  ^  Tini^^^ ;  it  is  generally  about  tw^^  * 
J  milk  of  Aldemey  cows  it  will  reach  T^ths  or  yijV*'^^-     ^^^^  ^™®  ^^ 
[as  influencing  pasture),  and  the  breed,  should  be  considered.* 
li£e  this  is  going  on,  determine — 
The  Pkydcal  Qliaracters. — Placed  in  a  narrow  glass,  the  milk  should  be 


r  Gumkle  (PhftmaACfiutical  Joonuil,  Jan*  25,  1873)  ai&Ua  thai  more  cream  is  thrown 

i  low  tbati  a  liigb  temperature  ;  at  48'  Fahr.  there  were  i^B^ths  of  crt*am  ;  at  SiV  ouly 

in  the  tame  mUk.     I  have  aot  found  quite  the  same  reaultti,  and  on  ref)eatmg  t1i<!  ex. 

ibU,  It  is  rlear  that  great  cum  is  n€«ea!iarj.    Tf  the  temperaturD  of  the  tiailk  alters  (which 

1  the  raw?  wHli  laliofatory  expeHments  at  high  leraperatnrea),  there  nru  fircuktnry  ciir- 

I  lite  iiiitk  wliich  greatly  affect  the  rinm^  of  the  creoni ;  eoinetliofA  they  hinder^  and 

aoijietinieai  ut'celerate  ft.     But  if  the  njilk  i»  shielrkd  frr*m  cunx^nts  of  air  ami  I'mm 

^beat.  the  amount  of  cream  Ifietween  the  teDiporatiirew  of  i^"  atid  65'  is  practicAlly  the 

1  ia  to  secure  it  from  currewlJi  of  air  that  the  graduated  lactometer  ia  onlertKi  to  be 

opboanl     With  regard  to  time^  the  tiream  htm  uauaily  thoronghly  risL*n  in  from  four 

In  twenty- four  hours  it  reatk  alwut  ^th  leaa  thou  at  four  boms,  probably 

atioaoi  aggregation  of  the  fat  [>Articlca. 
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quite  opaque,  of  fiill  white  colour,  without  deposit,  without  peculiar  smfilia 
taste.     When  hoOed  it  should  not  change  in  appearance. 

2.  Bendion. — Keaction  should  be  slightly  acid  or  neutrtil^  or  veiyfaUt 
alkaline ;  if  strongly  alkaline,  either  the  cow  is  diseased  (1)  or  there  is  mni 
colostniin,  or  (tarbonate  of  soda  haa  been  added. 

3.  Sprnflc  Gmmty. — ^The  specific  gra^^ty  varies  from  1026  to  1035,  i 
very  large  quimtity  of  cream  lowers  it,  and  aft<*r  the  cream  is  removed,  ^ 
epeeitic  ginvity  may  rise,  imder  ordinary  circumstance,  about  2\*  Hi 
average  specific  gravity  of  unskimmed  milk  maybe  taken  as  1030  at  60* 
Fahr.,  and  the  range  is  nearly  4^  aljove  and  below  the  mean.  It  vnriea  willi 
temperature,  so  that  in  the  tmpics  the  medical  otiicer  will  have  to  allow  fee 
this  diiferencc.  The  following  are  the  relative  degrees  of  a  milk  that  ahoii 
1030  at  60'  Fahr.,  and  103 1  at  39'  Fahr.,  (maximum  density-point  of  water) :— 


39"  F. 

=     1031 

80°  F. 

= 

10-27-5 

60°  r. 

=      1030 

90°  F. 

s 

1025-8 

70°  F. 

=     1029 

100°  F. 

ss 

10240 

The  addition  of  water  is  best  detected  by  the  speciJic  gravity.  At  60"  Fill; 
there  ia  a  loss  of  3°  for  every  10  per  cent  of  water  added.  No  doubt  Ihl 
method  is  not  perfect,  hut  its  ease  of  apphcation  strongly  recommends  it 

4.  Examine  chemically  for  the  AmouTd  of  ihe  DiJ^eretU  ConstUuenU— 


{a)  Total  solids,' — Evaporate  a  known  weight  to  dryneea,  uid 
Calculate  the  percentage.  The  heat  must  not  exceed  240*  Fahr.  A«  H  a 
difficidt  to  dry  it  thoroughly,  the  result  ia  only  approxiinative.  Wankljn 
recommends  5  C,C.  to  be  employed,  and  the  drying  carried  on  in  a  w»t«r- 
bath  for  3  hours  at  212*  Fahr, 

Sb)  Ash. — InciiiL*rate  the  dried  solids,  and  weigh, 
c)  Cmmih, — Take  a  weighed  or  measured  quantity ;  add  two  or  three  dmp* 
of  acetic  acid,  and  boil.  Add  a  good  deal  of  water ;  aUow  to  stand  fsf 
twenty-fours  hours  ;  pour  off  the  supernatant  fluid  ;  wash  the  precipitate  iidl 
with  ether  at  80"* ;  dry,  and  weigh*  CMculate  the  percentag©.  It  is  diffioill 
to  entirely  free  it  from  fat.  Wanklyn  recommends  the  albimiinoid  ammooii 
process,  as  in  the  case  of  nitrogenous  matter  in  water  :  1  part  of  casein  yidi- 
ing  0"06.5  of  ammonia. 

{d)  Evaporato  the  ether,  and  weigh  the  fat  Wanklyn  recomniMiis 
extracting  the  fat  imm  the  total  dried  sohds  by  means  of  ether,  evapoiatiJl^ 
and  weighing.  This  rtfquires  care,  however,  and  the  same  residt  can  be  p^t 
by  the  employment  of  an  instnmient  called  a  lactwcope,  which  meainirei  iV 
degree  of  tmuaparency.  Tlie  lactoecopR  of  Donn^  haa  been  lately  improv<4 
by  Vogel,  and  this  simple  plan  can  be  recommended  for  ascertaixung  lb 
amount  of  fat  in  milk. 

VogePs  instrument  consists  of  a  little  cup,  formed  by  two  parallel  pi* 
glass,  dist-ant  A  a  centimetre  (  =  -1968  inches,  say  yV^^^  ^^  ^^  inch)  from  eidi 
other,  aud  closed  everywhere  except  at  the  top,  80  as  to  form  a  little 
a  glass  graduated  to  100  G.C.,  and  a  httle  pipette^  which  ia  divided  to  |  CC, 


•  Dr  DaTies  reconls  a  riwo  where  the  specific  gruTity  w«a  1021  "6  ;  there  wu  \T  pcroniL 
oream,  and  iho  anlich  were  16'2ri.  A  ca.s«  of  thia  kinil  cannot  mmlead  if  the  amount  of  cm 
ill  determined.  Daviea  recowmtiids  that  the  sp&oitic  gravity  of  the  whey  ihiOttld  b«  trikm; 
nm  it  ift  vsij  constant  betive«n  1026  and  1028. 

in  one  sample  1  examined  ike  i^pecilic  gravity  wiui  1020,  uud  the  cn»am  |^,  the  tf«cifieg^MiX 
of  the  Rkirnmed  milk  wiu  1028-9,  Another  sample  gave  :  specific  gntvity  1017-^  €tmm^\ 
specific  graFity  of  skimmed  milk^  103275.  Another  sample  (which  purported  to  ba  the  tiat 
aa  the  last)  gave  a  specific  gravity  of  lOlS  84,  hut  the  cream  was  onl]r  ^fv  *  '"  ^^  ^"^  ^ 
greater  part  of  the  cream  had  been  rt;mo  ved^  and  aboat  &0  per  cent,  of  water  added.    (F.  dt  C. 
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am  aUo  required.  Water  (100  C.C)  ia  placed  in  the  moasure,  and  2  or  3 
CC  of  miUc  (which  sboidd  be  at  first  agitated^  so  aa  to  mix  any  R^parat^id 
cmLtn)  are  added  to  it  The  parallel  gla«8  citp  ia  then  filletl  with  this  diltiU-d 
milki  and  a  candle  placed  about  on©  metre  from  the  eye  (  =  39"37  incht^s)  is 
looked  at  in  a  rather  darkened  room  ;  if  the  flame  of  the  candle  m  seen,  the 
milk  ia  poured  hack  into  the  large  measure  •  more  milk  is  added  to  it,  and  it 
m  footed  again  into  the  parallel  glass,  and  the  light  is  again  looked  at ;  the 
cacptnment  ends  when  the  contour  of  the  light  is  completely  obecured.  The 
tKuOB  should  be  a  good  one,  hut  the  difTeR^nce  in  the  auiount  of  light  is  not 
SMlflriaL  The  percentage  amount  of  fat  in  the  milk  ia  then  c^cnlated  hy  the 
following  formula  (wluch  htm  V)een  determined  hy  a  comparison  of  the  res^ilts 
of  thm  iagtrument,  and  of  chemical  analysis) :  x  being  the  quantity  of  fat 
ioqglil^  mod  m  the  number  of  C.C.  of  milk  which  added  to  the  100  QC.  of 
water  mMcc  to  olx^cure  the  light. 

m 

If,  for  example,  3  C.C.  of  milk,  abided  to  the  100  of  water,  were  sufficient 
to  ubecare  the  light,  the  percentage  of  fat  is— 


««- 


23-2 


+  23  «  7-96  per  cent. 


cc 


the  following  table  has  been  calcu3ati)d,  which  enables 
the  |>ercentage  of  fat  : — • 


IS 

r 

T 
» 

• 

If,  fnr  *lfBiiipH  1  cable  oentimetro  of  milk  to  100  of  water  oliecores  the 
li,  riceotagp  of  fat  is  23-43 ;  if  8  cubic  centimetrea,  added  to  100  of 

ir  ,  needed  to  obecure  the  light,  the  percentags  ia  3'13,  Ac. ;  80  tlmt  ill 

torn  or  tiYO  minatee  an  analysis  of  the  milk  ia  made,  as  far  as  the  fat  is  can- 

.ntage  of  this  is  obvimis,  b<Jtli  in  detwting  the  remnvnl  of  cwam, 
'if  milk  is  rich  in  butt«r,     Wanklyn  states  Ihut  02  grammes  of 
lime  of  cream. 
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(e)  Detemiiue  the  amount  of  kctin  by  the  saccharoiDieter,  at  hj  ^^^| 
Bolution.*  To  do  this,  take  10  C.C,  of  milk,  add  a  few  drops  of  a«^A^| 
and  warm — this  coagulates  the  casein  with  the  fat ;  then  make  up  to  IQQfl^f 
with  distilled  water,  filter,  and  put  the  filtered  whey  (which  o\]^biUi'^^| 
clear  as  possible)  into  a  hmtftte.  Take  10  C.C.  of  standard  copper  d^^H 
(see  below),  put  it  in  a  porcelaiii  dish,  and  add  20  or  30  C.C  of  4^^| 
water  ;  boil ;  as  soon  aa  it  is  in  bmk  ebullition  drop  in  the  whey  tai^H 
burette ;  take  care  that  the  hquitl  is  lioiliEg  all  the  time  ;  contiaiie  Hat  fii^H 
until  the  copper  is  all  reduced  to  red  suboidde  and  no  blue  colour  WMMrfB 
the  Bup.niataut  Hquid  ;  but  j^top  beforiB  anj  jellow  colour  appeani  BmJJB 
tho  amount  of  whey  used,  and  divide  by  10 ;  the  result  is  the  ajnount  dal 
which  exactly  decomposes  10  C.C.  of  the  copper  solution.  The  10^  ^UH 
the  copper  solution  are  equal  to  *0667  grammes  of  laetin-  The  'oa^^U 
lactiii  iu  the  10  G.C.  of  milk  is  then  known  by  a  simple  mle  of  tM^^f 
the  amount  in  100  C.C«  of  milk  is  at  once  obtained  by  shifting  the^^H 
point  one  figure  to  the  right  ^*B 

Exmnple  :^15  C.C.  of  diluted  whey  were  required  to  reduce  tha  10  C9 

15  M 

of   copper   solution;    t7\  '^  1"^   "the  amount  of    original  milk;  0<)€6T-fl 

1-5^  0-0445  gmmmes  of  lactin  in  1  C.C.  ;  therefore  0*0445  x  100  =  4-«  jM 

cent.  I 

Prepandifm  of  the  Copper  SoIufHm.-^Tiike  34*64  grammes  of  pm^iolfWfl 

of  cop]ier,  and  dassolve  in  about  200  C.C,  of  water;  dissolve  in  anotlieriva 

173  graraiuc'fl  of  ttirtrat*?  of  soda  and  potash  in  480  C.C'.  of  solution  of  cai| 

soda  (or  potash,  if  the  caustic  soda,  as  is  probable,  is  not  in  the  suigci]1^H 

slowly,  and  dilute  with  distilled  water  to  one  litre.  ^^U 

1  C.C.  »^  0-00500  grammes  of  glucose.  ^^B 

1  C.C.  ^0  "006  67  grammes  of  lactin.  I 

5.  Examine  ihfi  Milk  microscojncalit/, — The  onlj^  constituents  of  milk  Wt 
the  round  oil  globules  of  various  sizes  iu  an  eDvclope  and  a  little  epithdiiim 
The  abnormal  constituents  are  epithelium  iu  large  amount,  pus^  conglojMOto 
niiisses,  and  casts  of  the  lacteal  tubules.  The  added  ingivilients  daj  h 
starch  grains,  portiona  of  seeds,  and  chalk  (round  and  often  highly  re£nctio| 
bodies,  \vith  often  a  marked  double  outline,  and  at  once  disappearing  iMMfti 
Colostrum,  occurring  for  three  to  eight  days  aftiir  the  birth  of  the  i^^| 
composed  of  agglomerations  of  fat  vesicles  united  by  a  granular  iflH 
Infusoria  are  sometimes  found  in  milk,  and  fimgi  (Oidtum  lactii  tm 
PemciUittm)  are  so  almost  invariably,  if  the  milk  has  l»een  kept-t  ■ 

If  milk  is  agitatetl  with  three  or  four  volumes  of  carbon  bisulphide^  M 
then  allowed  to  stand,  the  sulphide  separates  highly  cluii^d  with  sax  araotfll 
matter,  wliich,  on  spontaueoua  evaporation,  can  Iw  obtained  as  an  unctaodl 
imponderable  residue,  which  pofiBesses  the  aroma  of  the  food  of  tbo  aniffltf 
(Millon). 

Scheme  far  a  Sftofi  Ejr/imimitunh 

As  a  medical  officer  m  constantly  called  upon  to  examine  milk,  an*! 

•  Wanklyii  recominetids  dtaaolving  out  the  Ijurtia  fhrni  the  flolids  (*ft4?r  the  fat  l-*  rfUjM« 
meiim  of  alrobol,    evaporatiog   aim  weigliing ;  then   itiiunenitin^ ;  tli6  diff*jreni;t'  '^y^^  :* 
ftuouut  of  kcttti.     TliiJi  seeais  on  the  whole  lem  convenient  for  the  medical  vitTn-er  -S?ii  ■ 
copper  te«t.     Macnaniarn  (Indian  Medicml  Qazette,  1873)  usm  alcohol  for  e3rtrii.:tiTi;j  tb*  L-jt.-. 
but  determines  it  by  Feidinj^'n  test. 

+  Dr  Willanl  of  Cornell  OriiverHity  notes  the  eicperience  of  Professor  Law,  who  oh^n^i  i 
peouliar  topy  material  in  milk,  midtratedit  to  coh-s  drinking  stagnant  water  contAiiiur^  ui-ic 
Itma  similar  to  those  found  in  the  milk  ;  a  drop  of  this  i^ater,  put  unto  gcKxl  milk,  h»,rn  <i  ^f^' 
opfld  these  orni^ui/ims.  The  cown  wei*  Jeverish.  (Dr  John  O^h,  Joumal  of  th«  Ajriieatoit 
Society,  Nov.  15.  lS72j  Lancet,  Oct  11,  1873.) 
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,om  have  time  to  go  thoroughly  into  all  the  points  just  noted,  th«  follow. 
short  scheme  will  bo  useful  :— 
Put  aome  milk  into  the  long  graduated  glass  for  deposit,  and  for  deter- 
\g  ijerixmiAge  uf  cream.* 

Take  physical  characters,  reaction,  and  specific  gravity.     Take  apecitic 
,vity  of  the  whey,  if  there  he  time  to  do  this. 
Determine  fat  by  VogeFa  milk-test.* 

iG  com[»ariaoti  of  the  fli)eciHc  gravity,  and  the  amount  of  cream  which 
or  of  fat,  will  be  fouud  to  give,  in  conjunction  with  the  physical 
itersj  a  very  good  idea  of  the  quality  of  the  milk. 


SuB-SfiCTiON  rV.^ — Preservation  of  Milk, 


Iliac 
1.  Boded,  the  bottle  quite  tilled,  and  at  once  corked  up  antl  well  sealed,  the 
uulk  lessens  in  liulkj  and  a  vaciiimi  is  fonned  above.  It  will  keep  for  some 
time.  A  little  sugar  aiile  the  preservation.  If  the  heat  is  c^-ried  m  a  close 
vessel  to  ^SC  Fahr.,  the  milk  is  preserved  for  a  very  long  time,  even  for 
yeiirs ;  the  butter  may  sepamte,  hut  this  is  of  no  consequence. 

2.  8ulphuroiija  acid  passed  through  it,  or  sulphite  of  soda  added*  Thig  m^y 
^B  done  after  boiling. 

■  3.  A  little  carbonate  of  soda  and  sugar  added,  with  or  without  boihng. 
™^  This  will  keep  for  ten  days  or  a  fortnight. 

In  the  market  are — milk  in  tins,  preserved  in  the  usual  way  by  exclusion 
©f  air,  concentrated  milk  mixed  with  sugar,  and  desiccated  or  dried  milk. 
This  last  is  milk  carefully  dried  at  a  low  temi>erature,  with  a  little  sugar. 
Dissolved  in  water,  it  forms  an  excellent  milk.      (8eo  Concentrated  Food 

The  preserved  liquid  milk  often  has  the  butter  separated ;  if  so,  it  may  he 
spread  on  bread.  It  is  not  easy  to  remix  it  with  milk,  hut  it  is  said  that  the 
MfNUftiiQii  may  he  prevented  by  adding  a  little  yolk  of  egg. 

Scfl-iSKOTION  V, — AucrLTEBATIONa. 

1.  Water^—Tlm  is  extremely  common,  and  is,  in  fact^  generally  the  only 
adulteration ;  it  is  beet  detected  by  specitic  gravity  or  evapomtion.  WankljTi 
■OggeBtfl  the  amount  of  ash  aa  a  good  test  of  watering  ;  the  normal  ash  being, 
ftficsording  to  him,  aljout  0'73  per  t^nt. 

2.  Btarch,  dextrin,  or  gum,  to  conceal  the  thinness,  and  the  bluish  colour 
pRKitioed  by  water.  Kot  a  4^ommon  ndultcmtion.  Add  iodine  at  once  for 
atan^h  ;  V»oil  with  a  drop  of  acetic  acid,  and  add  iodine  for  dextrin,  or  add 
acetate  of  lead  and  then  ammonia,  a  white  precipitate  falls* 

3.  Annattij  or  turmeric  is  added  to  give  colour.  li»[Uor  potassse  at  once 
detecta  turmeric.  By  boiling  the  milk,  the  colouring  matter  remains  in  the 
•emim. 

4.  Emidsions  of  seeds  (hemp  or  almond),  added  :  this  is  uncommon.  BoiL 
The  albumen  of  the  seeds  coagtdates ;  the  milk  will  nut  mix  with  tea.  Hemp 
aeed  gives  an  unpleasiint  oilour  to  the  milk  (Xonnandy). 

5.  Chalk,  to  neutralise  acid,  and  to  give  thickne^^  and  colour.  Let  it  stand 
for  depoeit ;  collect  and  WfAsb  deposit,  and  add  acetic  acid  and  water ;  after 
effanreicenoe  lilter,  and  test  with  oxidate  of  ammonium. 

6.  Carbonate  of  sodiunu     Very  difficult  of  detection  unless  the  milk  lie 


•  M»?Diiinftim  flDdiAD  M«licjil  Oaxette  ;  1873)  finds  tlrnt  tlift  crennx  is  not  very  ttsefwl  in  Indin 
M  a  t«>i^  the  npid  coagulntioii  of  the  milk  preventing  it  rioijig ;  similarly  Vogd's  test  does  not 
HIV*  Mltftractory  reaiilta.  It  wotild,  Ihereforuj  b©  aeoMaAiy  to  deteraune  tiie  constitiieals  by 
tlM  chflmifiAl  lueUicxU  if  powibl^. 
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alkaline,  Determine  the  nnk,  and  se^  if  it  effervescee  ;  if  so,  eltlier  eotne  ci> 
bonate  has  been  added,  or  if  the  soda  have  united  with  lactic  acid,  this  wiS 
be  converted  into  carbonate,  and  enough  lactic  acid  to  give  an  cflTerveacing  nit 
does  not  exist  in  good  milk, 

7.  Milk  is  often  boiled  to  preserve  it ;  it  may  then  take  up  from  the  read 
lead,  copper,  or  zinc,  if  these  metals  are  used. 

Cream  is  adulterated  or  made  with  carbonate  of  magnesiay  tmgacanth,  md 
arrowroot.  The  microscope  detects  the  latter,  and  particlea  of  carboimt»  (rf 
mfignesia  (round)  can  also  Iw  smn  and  be  found  to  disappear  with  a  drc*p  df 
acid.     It  is  also  said  that  yolk  of  egg  is  abided  both  to  cream  and  milk«* 

Sub-Section  VL — Effbots  of  Bad  Milk. 

FlofesBor  Moslerf  has  directed  attention  to  the  poisonous  effects  of  *•  h\m\ 
milk,"{  that  is  to  say,  milk  covered  with  a  layer  of  blue  substance,  which  k 
in  fact  a  fimgus,  either  the  Oidium  lactis  or  FenicfUiuin^  which  seems  to  hift 
the  power,  in  certain  conditions,  of  causing  the  appearance  in  the  milk  of  in 
aniline-like  substance, S  The  existence  of  this  form  of  fungus  was  noted  bf 
Fuchs  as  long  ago  as  1S61.  Milk  of  this  kind  gives  riae  to  gastric  irritalidB 
(iirst  noted  by  8teinhof)  ;  and,  in  four  cases  mentioned  by  Moaler,  it  pro- 
duced severe  febrile  gastritis. 

Milk  which  is  not  blue,  but  which  contains  large  quantities  of  Oidiwm. 
appears  from  Hessling*s  observations  fl  to  produce  many  dyspeptic  aymptfjum, 
and  even  cholerorlike  attacks,  as  well  as  possibly  to  give  rise  to  some  aphtJioQA 
atlections  of  the  mouth  in  children- 
Milk  contiirainated  with  pua  from  an  in  flammed  udder,  or  an  abeootton  the 
udder,  will  give  vim  to  8tt>matitis  in  children,  and  to  aphthae  on  the  muoayi 
membrane  of  the  lips  and  gums.^ 

There  has  been  much  discu-gsion  whether  the  milk  from  foot-and-mouth 
disease  in  cows  (Eczema  ^pueootita)  can  cause  affections  of  the  mouth,  or  givt" 
rise  in  human  beings  to  any  disease  sinnlar  to  that  of  ciittle.  Pigs  cin 
certainly  get  the  disease  from  the  milk  of  the  cow  ;  sheep  and  harea,  which 
also  have  the  disecwe,  perhaps  got  it  from  the  saliva  on  herbage.  In  men  the 
evidence  is  tiisconlant,  ami  in  a  great  measure  negative,**  still  there  are  some 
striking  cases,  which  seem  to  me  sufficient  to  prove  that  diaeaae  of  the  mouth 
(aphthous  ulceration,  general  redness,  diphtheritic-like  coatiiig,  swollen  longtwl 
and  sometimes,  though  rarely,  an  atlection  of  the  feet  may  oceur.ft  ^ome  posi- 
tive evidence  has  been  adduced  by  Professor  M*Bride|J,  Gooding,§§  Hialnp,j|] 
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*  Hf  Bottle,  PhATRiBcentical  Journal,  February  1S73. 

+  Virchow'a  Arcliiv,  band  xliiL  p.  161  (1868), 

X  Blue  milk  \h  given  by  feeding  cows  with  lome  veg^Ubk  subsUncM,  it  MfOtoHMy 
Polygonum,  avicxdart^  and  Fagftp^frum,  Merewialia  permm*f  and  other  pUnU  (Mo 
tliis  ta  differetit  from  the  blue  colour  referred  to  above, 

§  Brdmftnn  {Jounml  fdr  Pmkt.  Cbem,,  xdx,  p,  385,  quoted  by  Mosler)  has  di#oafT«rad  thil 
Tibrioneg  have  the  power  of  produdug  atiiiine-coloiiritig  ftiatter  from  protein  subdaiion. 

|j  Virchow'a  Archiv,  band  xxxv.  p.  501,  See  also  my  Rc^i>ort  on  Hygiene,  Anojr  MidiCil 
Report,  vol.  vi,  p.  3*5. 

t  Se<5  a  good  ca-^i?  by  Dr  Fogan  (British  Med.  Journnl,  Nov.  IS,  186©). 

**  Se«  Dv  Thorne'fl  papur  in  the  Report  of  Uie  McMlical  Officer  to  the  Prify  OonmcU,  ^  ^i. 
and  Mr  Simon'a  renmrks  on  it^  p.  62.  AJ«o  my  Report  on  Hygiene,  Army  Med.  B1ii«  ^"'^ 
vnl.  X.  p.  223.  Dr  I^awson  Tnlt'a  negative  evidenc^e  againi^t  it  in  exc«edingly  atlQfig  (HtdiOM 
Times  and  Gazette,  Octoi>«r  I8ti9) ;  the  diftea^e  wa.<i  all  round,  and  the  milk  was  ttaed,  jctnolt 
B  case  occurred  which  could  be  rtffenied  to  it  See  altto  Whitmore's  evidence  in  BwftebOM 
(Britiah  Medical  Journal,  Oct.  1S69). 

ft  A  cane  of  the  foot  being  involved  is  recorded  by  Mr  Amyot  (Med.  Time*  and  Ouitt>v 
Nov.  4,  18?!). 

X+  BHt.  Med.  Journal,  Nav,  13^  1S69.  An  anonymoTia  writer  in  the  mme  Jonfiml,  8«pt.  tSt^ 
Adduces  n]m  a  few  rjoubtful  c*»c»  (p.  327 >,  though  his  evidence  \s  otherwiM  nentivs. 

81  Medical  Times  and  Gaxette,  Jan.  1872,  \\\\  Edm.  M«d.  JottnuiV  Nov.  ISSH 
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^tham,*  and  Briscoe.  +    I  have  also  hatl  cases  related  to  me  by  two  medical 

iendsj  wliifli  seemed  q^ite  clearly  amea  of  the  diseas©.     It  i^,  of  courst^^ 

ble  that  some  pus  or  blood  from  abscessea  ou  the  teat  or  udd»?r  may  have 

into  the  milk,  but  it  is  unlikely  that  this  shoidd  have  been  overlfwiked, 

A  peculiar  disease  haa  several  timea  prevailed  in  the  Western  States  of 

ca,  which  is  caused  by  the   unboiled  (not  by  the  boiled)  milk  of  cows 

i:'  ttfiTected  with  the  "  ti'emhlejs,"  which  is  supposed  to  be  pixidnced  by  the  cows 
feeding  on  RA^is  Tirxk(j*iendnm,  In  children  who  get  this  niilk-aicknesa^J 
there  is  extreme  weakness,  vomiting,  fidl  in  bodily  temjierature,  swolltm  and 
dry  tongue,  and  constipation.  BoUing  api>ears  to  remove  the  hurtful  quitlitie-s 
of  the  niilk,§ 

Milk  may  also  bo  a  means  of  conveying  the  poisons  of  enteric  fever  and  of 
icarlet  fever.  In  the  former  caae^  it  has  probably  usually  arisen  from  the 
watering  of  the  milk  with  foul  water  containing  the  agent,  ||  but  it  may 
possibly  have  in  some  cases  arisen  from  the  typhoid  effluvia  being  absorbed 
bj  the  milk,  as  in  the  case  at  Lc^lIs  mentioned  below.  The  scarlet  fever 
poison  has  appeared  to  get  into  the  milk  from  the  cuticle  or  throat  discharges 
'  persona  affected  \vi\h.  scarlet  fever,  who  were  employed  in  the  dairy  while 
or  convalescent.^ 
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BUTTER, 

As  an  article  of  diet,  butter  supplies  to  most  people  the  largest  amount  of 

»  which  they  take.     Many  persons  take  from  1 J  to  2  oz.  daily,  if  the  butter 

in  cooking  be  included,  and  the  average  amount  for  persons  in  easy  cir- 

inistances  is  1  oz.  daily.     Butter  appears  to  be  easily  tligni^ited  by  most 

BFBons,  except  when  it  is  becoming  rancid.     It  then  causes  dyspepsia  and 

rhoia,  and  aa  a  rule  it  may  he  said  that  decomposing  fats  of  all  kinds  dis- 

Composition  akd  Examij^atiosj, 

1.  The  average  amount  of  water  varies  from  5  to  10  per  cent,  hut  may  he 
higher,  even  in  genuine  butter.  Hassall  has  foimd  as  much  as  15j^  per  cenL 
in  fresh,  and  28i  per  cent  in  salt  hiitt-er;  Wanklyn  recuiils  2  3  "6  per  cent,  in 
fresh  butter  supplied  t<3  Paddington  workhouse.  The  ix^tiiil  dealer,  by  beating 
up  the  butter  in  wat4?r,  endeavours  to  increase  the  amount.  This  can  be 
detected  by  eva^ioration  in  a  watcT  bath  ;  if  the  quantity  of  water  Ije  very 
large,  melting  the  butter  wUl  show  a  little  watt^r  below  the  oil  An  unusuaUy 
small  amount  of  water  is  auspicious  (Angell),  as  suggestive  of  the  presence  of 
foreign  fat* 

*  British  Medical  Joamif,  May  U7%  t  British  Mfidical  Jouma),  0<it  1872. 

%  Cwmn  of  twere  di&rrhaoa  hAve  cwcnrred  from  the  ujso  of  milk  l^m  goats  that  hud  fed  on 
EuphorHuiii ;  this  has  l>een  ohserved  at  Malta. 

I  Boitan  Med.  and  Surg.  JoornaJ^  January  1368,  and  TranaactioTi'^  of  the  Kentiicky  State 
]|«diaxie  Society,  quotod  in  Medical  Times  and  Gazette.  There  have  been  maay  ia»tancifj» 
Id  tbe  la«t  half  oemtury,  and  they  have  all  Iveen  cnllect&d  by  Htrach. 

I  8«e  Bftllard'a  exhaustiTe  aaalyaiA  of  the  IrIjui^ou  tipidtimic,  which  was  traced  decidedly  to 
tha  Qte  of  wmiered  milk  (Medical  Timeji  and  (iaiif  tte,  Nov.  \^7\\  and  i^printt ;  a  somewhat: 
stmllArcaM  ia  recorded  by  Dr  Taylor  of  Penrith  (British  Mi'dicnl  Journal,  Dee.  1870).  There 
luiTe  heea  four  cases  lately— one  at  M(5«?ley^  n«ir  Binoini»ham,  traced  hy  Dr  BaUaitl^  one  at 
Leeda^  by  Dr  Robinson  (Brit*  Med.  Journal,  Jan.  18,  1S73)  ;  one  at  Armley,  near  L«efi»  ; 
attd  one  at  Parkhe^d,  In  Glaagow,  reconled  by  Dr  RuAsell  (Med.  Times  and  Oasette;,  March  15, 
1873).    The  evidence  is  very  atroug  in  all  the  «xw^». 

%  A  remarkable  caae  in  recohied  by  Prof e«sor  Bell  of  St  Andrews  (Lftn<_-et,  Oct,  29,  1870),  and 
another  by  Dr  Taylor  of  Penrith  (British  Medical  Jounial,  Dt-c.  1870K  See  ftlao  Dr  Buchan&Q'a 
B«p<^  rt  of  the  outbreak  at  South  Kensington^  app&R^ntly  traceable  to  cream. 
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2.  Casein* — AH  butter  contains  aame  casein,  as  some  milk  is  taken  up  mik 
the  cream.  The  best  butter  contains  least.  The  amount  can  be  told  lotigUl 
by  melting  in  a  test  tube.  The  casein  collecting  at  the  bottom  doeg  not 
exceed  one-third  of  the  htnght  of  the  contents  of  the  tube  in  the  best  bating 
or  between  one- third  and  one-half  in  fair  butter.  In  had  butter  it  may  rach 
to  more  than  this,  A  betkjr  plan  is  dissolving  the  fat  by  ether,  WHc;bing  iDd 
then  weighing  the  remainder ;  the  casein  then  weighs  from  5  to  3  grains  in 
every  lOU  of  very  gc>i>d  butter.     In  bad  butter  it  is  much  more  than  thia. 

The  rancidity  of  butter  is  chietly  owing  to  changea  in  the  fat,  produced 
apjiarently  by  altijmtions  in  the  casein,  and  therefoiti  the  greater  amount  of 
casein  the  more  the  ehance  of  rancidity. 

3.  Fat. — The  fat  amounts  to  fix^ra  S6  to  92  per  cent  of  the  butter.  Butter 
oil  consists  of  volatile  fatty  acids  (butyric,  caproic,  caprylie,  and  ea]»rie),  and 
of  non-volatile  acids  (stearic,  palmitic,  and  oleic),  all  combined  with  glyc^jiiu^ 
In  examining  it,  the  butt^^r  Hhould  be  melted  in  a  h«aker-glaflB,  placed  in 
liot  water,  ami  the  fat  should  be  poured  olf  the  casein^  and  allowed  to  cool 
It  then  forma  a  solid  and  usually  yeUow  mass,  with  the  characteristic  imeU  of 
butter,  and  should  he  further  examined  as  follows  : — 

{a}  JSmcHj  ttfMef  and  eohmr  of  thw  reconfjf^aM  fat, ^—The  smell  anil  taflto 
are  very  charactmstic,  and  with  a  little  care  the  quality  of  butter,  and  evesa 
the  j^nsence  of  some  adnltemtions,  such  as  mutt/m  fat,  can  be  deteimincKL 
The  colour  is  usually  yello^\ish'white;  other  fats  are  whit^,  but  annattonuj 
be  used  for  colouring  them^  or  true  butter  may  be  white,  so  that  the  eolomllOlL 
is  not  a  safe  test. 

(If)  Errnnme  the  recongeaM.  fat  mth  themirrofieopf. — ^Batter  shows  nolhinj 
but  oil  globides  ;  lanl  and  otlier  fats  often,  but  not  always,  cx^ntain  aciculifj 
and  stellate  crystals  of  msirgaric  (really  a  mixture  of  palndtic  and  oleic)  aiwl 
stearic  acids  as  pointed  out  hy  Hassall,  Starch  and  other  impurities  may  bt 
fwjmetimes  seen  and  are  tinged  by  iodine.  The  casein  left  after  the  fat  baf 
been  poureil  olf  should  he  also  examined,  and  st^irch,  membrane,  or  other  inh 
purities  may  be  st^en  in  it.  Tlie  polariscope  may  be  usetl  to  bring  out  mor^ 
strongly  the  st^^llate  stearic  acid  crystals,  if  present  AngeU  and  Hehnerpo] 
out  that  even  genuine  butter  sometimes  shows  crystals  after  melting  and  recottJ 
gealing;  they  therefore  think  the  presenc-e  of  crystals  groimd  for  apprehensii 
only,  showing  no  more  than  that  the  fat  has  been  melted. 

{i*)  Dfi  ermine  thv  melting-pyifd  of  the  fat  after  sepnration  from  th^  aamfk 
Some  of  the  fat  should  lie  put  into  a  wide  tube,  and  placed  in  an  ovai>orati] 
dish  with  water ;  a  thermometer  should  be  in  the  water  and  another  in 
fat,  liaise  the  temf>erature  of  the  water  very  gradually  ;  remove  the  lamp 
faim  time  to  time,  so  that  the  temperature  of  the  fat  may  rise  slowly.  >'ot? 
the  tcm]^»eraturc  when  it  begins  to  melt ;  when  it  ia  completely  melted ;  and 
when  (after  removal  from  the  warm  water)  it  l>egins  to  recongeal,  and  become} 
quite  solid.  The  melting-ix»ints  are,  however,  not  constant,  owing  to  tb« 
varialiie  amoimt^  of  stearin  and  oleine,  and  the  volatile  fatty  acid^^  but  etiU 
they  run  within  tolembly  narrow  limiU. 

The  tempemture  when  the  fat  is  eomjdetely  melted  appeare<l  to  be  the  mod 
marked  point  in  my  experiments.     The  butter  oil  is  most  easily  melted,  and 
requires  the  gn 'attest  amount  of  cooling  before  rex:t>ngealing  ;  usually  then*  is 
ditferrnce,  often  12'  to  15",  between  the  points  of  commencing  and  eomplel 
fusion.     The  deterniination  of  tbo  melting-point  is,  however,  certainly  m< 
useful  in  proving  that  the  butter  baa  only  slight  admixture,  than  in  prov 
comjiL^ti*  [uirity  ;  ?>.,  the  presence  of  a  snial]  quantity  of  lard  or  l:M?f.f  drip|iiDg 
would  not  mise  the  melting-i>oint  sufficiently  for  detection.     In  the  cam 
beef  ilripping,  also,  the  melting-point  is  rather  close  to  that  of  butter. 
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(d)  Angell  and  Hehner  ("Butter:  its  Analysis  and  Adidtemtions,"  2d. 

ed.  1877)  recommend  examining  the  sinking-point,  hy  means  of  a  little  glass 

**    bulb  weighted  with  mercury  to  3  4  ^fniimnes;  the  iiumn  sinking-point  oi  24 

•genuinfi  butters  was  35*^5  C  (96°  Fahi.),  mriging  from  34'-3  Q  io  36^*3  C. 
793'7  Ffthr.  to  97"*3  Fahr.)     The  butter  m  iiioltc^d  and  poui-ed  into  a  te^t- 
'^    labe  and  allowed  to  cool ;  as  it  cooIb  a  slight  conical  depre^ion  appears  on  the 
nrfac4i  j  this  must  be  rendered  even  by  remelting  the  upper  part.     If  other 
I  are  present  the  depression  ia  much  more  marked.     The  tu}>e»  with  the 
lib  on  the  top  of  the  fat,  is  then  plunged  into  a  large  beaker  of  wat<T,  which 
graduallj  heated  until  the  bulb  sinks,  the  tempemture  of  sinking  being 
.  by  means  of  a  tbennometcir  jilaeed  in  the  water.J^ 
pfc)  Another  method,  ri3Conini ended  by  the  same  eliennste,  coneiats  in  deter- 
^imxig  tba  percentage  of  fixed  fatty  aciik,  which  Rcems  to  be  pretty  constant 
butter  fatj  forming  about  87*3  per  cent  of  its  weight ;  B&b  being  adopted 
maximum,  whereas  most  other  fate  give  about  9 5 "5  per  cent., — the  ditler- 
r^nce  in  buttt^r  being  made  up  by  volatile  fatty  acids.     The  plan  employed  is 
to  saponify  the  fat  by  boihng  with  caustic  potash  and  water,  to  deeonipose 
the  aoap  with  hydrocUoric  acid,  filter  and  wash  with  boiling  water,  and  then 
weigh  the  fatty  acids  remaining  undissolved  on  tha  Ulter.     The  sajionilieation 
m  muck  facilitated   by   commencing   the   process  with   methylated   spirit^ 
as  euggosted  by  Mr  Turner,  the  public  analyst  of  Portsmouth. 

(J)  The  specific  gmvity  of  butter-fat  has  also  been  suggcfitcd  by  Mr  Bell  as 

0  got>d  meanii  of  determining  purity.      He  melts  the  fat  at   100"  Fahr.,  and 

weighs  in  a  specific  gravity  lj«Dttle.     He  shows  that  the  specific  gi'avity  of 

ordinary  fate  varies  between  902*83  and  904*56^  whilst  that  of  buttt^-fat 

ely  falls  below  910,  generally  ranging  between  911  and  913,    {Phanna- 

iicui  Jmirnal,  July  22,  1876,) 

.  4.  Salt  is  added  to  all  butter.     In  fresh  butter  it  should  not  be  more  than 

to  2  per  cent  (8  graina  per  ounce)  ;  in  salt  butter,  not  more  than  8  per 

ent  (35  grains  per  ounce)*     To  determine  the  salt,  wash  a  weighed  portion 

butter  thoniughly  with  cold  distilled  water,  and  determine  the  chloride 

'  sodium  by  nitrates  of  silver  (see  page  76).     Dr  Tidy  recommends  iucinera- 

i  a&d  weighiug  the  residue  ;  his  limit  is  7  per  cent 

*  1 1iA¥e  made  &  iK)naidera^>l«  niini1>er  of  experlirients  on  the  meUmg-poiat  and  ftolubiltj  in 
itHer,  uid  oq  tbe  whole  attach  more  importaiice  to  the  melting  point  tnait  to  the  aolutioa  in 
tber. 

+  It  i*  rare  for  butter  oil  to  Ije  completely  solid  at  82*,  but  I  once  found  it  ho  in  an  undoubt- 
ily  pure  bntter,  miile  daring  the  winter  on  a  g^entiemin't  pririte  farm.  But  usually  butter  is 
otaolidtyi68'  or66^ 

1  These  numbers  were  given  to  me  by  my  friend  Dr  Campbell  Brovm  of  Liverpool,  who  Ijas 
pnbliahfld  a  Tctr  good  ficheme  for  the  examination  of  butter,  of  which  I  have  mme  tme. 

%  BaasaU  employs  a  converte  plan,  uiing  a  float  laHtead  of  a  Hitiker^  the  teiji|»eratuni  at  whit^b  it 
liaet  to  the  surface  being  not«d  ;  this  generally  occurs  about  2*  C«nt.,  or  5'-6  Fahr.  lower  than  the 
•inlciilg^pouit  aboTe  mentioned.  Other  pians  have  Tieen  proposed  by  Dr  Trij«e,  Mr  Hei*ich, 
Dr  BmwoocI.  and  Mr  BelL  Mr  R  Dully  ha*  pointetl  nut  th«  rnrlona  fact  that  pork,  mutton, 
mild  beef  fkts  have  two  or  thn^  nllotropic  conditiouj^j  with  diffeit^ut  midting-pointA. 
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By  tbiB  method  the  amount  of  water,  caaein,  oU,  atui  salt  will  be 
mined}  and  the  quality  of  the  butter  oil  will  have  been  exaioizieiL 

ScJiemefor  a  Short  ExammcUton, 

1.  Betemiine  quality  by  the  taste  and  smell  of  the  whole  baite(r»a2id  rfl 
mt'lt*!d,  iHjured  oli^  and  recongealed  fat.* 

2.  Wben  melting  fur  the  fat  in  a  tuli^^  notice  appTOxixnate  aiDOiml  <xf< 

3.  DQtt^rmine  the  aiid:ing-]xiint  by  AngtdFs  plan,  or  the  fV^trng-fAil 

4.  Examine  butter  and  recongealed  fat  with  microscope^  and  add  i 
«ohition  of  iodine  to  test  for  Htarch. 

5.  If  time  and  means  allow,  det-ermine  the  percentage  of  Hxed  fatty  acadi 
in  the  butter  fat,  by  Angell  and  Ilehner^s  method^  or 

6.  Deteiniine  the  apecific  gravity  by  Bell's  method. 

AduUerati&ns, 

Buttor  is  supposed  to  bo  freriuently  adultorated  with  lard,  and  with  M. 
muttiin,  and  horse  fat,  and  with  veget*ible  oils.  I  hav^e  exaniintd  lat^ 
apecimens  without  getting  satisfactory  evidence  of  this,  f  In  a  prooen  lifei^ 
devised  by  M^ge-Mouries,J  fresh  beef  suet  is  melted  in  warm  water  witlioi' 
bouate  of  potash  and  portions  of  fresh  sheep's  stomachs.  The  fat  ibm 
separated  from  the  cellular  tissue  is  cooie^l  and  subjected  to  hydraulic  piiiiiiw, 
when  the  oleomargarine  is  separated  from  the  more  aoUd  stearine  (whkki 
nmid  for  candle-makiog),  and  mixed  mth  milk  imd  with  a  little  of  the  soIdUi 
matter  obtained  by  soaking  cows'  udders  in  milk^  and  with  annattc^  ani  1 
then  chmtied.  Kow,  this  process  is  so  complicated  that  it  would  Dolplji 
dishonest  tradesman  to  do  it,  and  it  could  oidy  be  practised  on  a  large  acak 
The  sinking  point  and  the  determination  of  the  amount  of  hxed  fatty  aoli 
would  prubably  detect  this.§ 

Potato  or  other  starches  are  sometimes  added.  It  is  a  rare  adultefatioiiyiBl 
is  at  once  detected  by  iodine^  either  at  once  or  after  melting.  Gypaum  aal 
sulphate  of  barium  have  been  added^  it  is  said  j  this  muBt  be  very  iai%  and  bs 
at  once  detected  by  melting  and  pouring  everything  off  the  insoluble  poiidi^ 
or  by  incinerating,     Aimatto  is  frequently  used  to  colour  butter.|| 

Pre^ervatiou  of  Butter, — Pouring  water  which  has  been  boiled  over  bote 
will  keep  it  for  some  time ;  but  a  better  plan  is  one  discovered  by  M.  Briaii,f 
vi:£.,  water  acidulated  slightly  (3  grammes  to  1  Htre)  with  acetic  or  taitn 
atu<l,  is  adilcd,  and  the  whole  is  jdaced  in  a  close-fitting  vessel.  Si^gar  alii 
has  a  pi-escrvative  elTcctj  especially  when  mixed  with  a  little  ealU. 

SECTION  xm. 

CHEESE. 

As  iui  Article  of  Did.— li  con  tains  a  very  lai^  amoimt  of  nit* 
matter  in  sm^dl  bulk  (p.  195),  and  as  It  is  agreeable  to  the  palate^  it : 


*  Butter  become*  rank  and  bad,  by  the  ciiejini  \nivn)i  allowed  to  become  soar  before  chum^ 
111  oonKeqiieDCfi  of  dirty  veiiselft ;  it  is  a  good  plan  to  stir  up  the  creum  from  UnM  to  tune. 

t  More  receot  invexitigatioiiB  by  tbe  later  meMkodm  of  analysis  have  abown  that  it  djDt«oooB 
from  tiine  to  tiuie. 

I  PhBrraioeutical  Jonmal,  Oct.  1872, 

I  A  aubatai)C3  from  New- York  baa  lately  mode  iU  appearance  in  tho  loarket  anderflitnvt 
of  Uuiterine :  it  appears  to  be  a  wboleiome  fat^  and  aa  long  aa  it  ifl  sold  boiiiiatly  as  asaUtiMt 
for  butter,  but  not  as  genuine  butter,  ita  introduction  will  probably  be  a  boon  to  luairj  « 
aci^ount  of  it*!  dn*apn€s«. 

II  AnjjcU  and  Hebner  record  two  ca*fis  of  adulteration  by  mixing  with  milk. 
f  If  Pa3:i3n«    Dw  Subst  Aliai.  -Itb  ed,  p,  17&. 
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excellent  food  for  soldiers  in  war.     About  J  lb  contains  as  mnch  nitrogen- 
substance  as  1  R»  of  meat  and  ^  of  a  lb  as  much  fat     It  does  not,  bow- 
er, keep  well  in  warm  climates. 

The  quality  is  known  by  the  taste.     The  only  adulteration  is  from  siib- 

to  give  weight     Starch  ia  chiefly  employed,  and  can  bo  detected  at 

loe  by  iodine.     There  is  usually  about  5  or  6  per  cent,  of  salt 

Sulphate   of  copper  and  arscnious   acid  are   sometimes  used   to  destroy 

te  ;  the  rind  is  thee  the  most  poisonous  jmrt     Copper  is  detected  by 

lonift  or   potassium  ferrocyanide.      Arsenic   by   any  test  (Eeinscb's   or 

mreb  s).     Sometimes  cheese  becomes  aouj,  paiticularly  if  made  from  sb©ep*s 

milk,  and  may  cause  diarrhcea. 

The  Aearus  domesticw*,  A$pergiUm  glaueus  (blue  and  green  mould),  and 
rendojteDia  cmel  (red  mould),  form  during  decay.  During  decay  the  fat 
lents  at  the  expense  of  the  casein ;  leucin  is  produced,  and  valerianic 
and  butyTic  acids.  Lactic  acid  is  also  often  produced  from  the  lactin  of  the 
inilk  contained  in  the  cheese.  The  aroma  of  eheesa  partly  arises  from  this 
decomposition^  and  the  production  of  volatile  acids. 

SECTION  XIV. 

EGGS. 

It  is  needless  to  say  anything  of  eggs  as  an  article  of  diet ;  they  contain 
l>umen  and  fat  in  very  digestible  forms, 

Compomti&n  and  Choke. — An  egg  weighs  from  COO  to  95Q  grains,  or  even 
oore  ;   the  average  weight  is  about  two  ounces  avoir. ;    10  parts  are  shell,  60 
rhit^,  and  30  yolk  ;   the  white  contains  86  per  cent  of  water ;   the  yolk  52 
'  cent  ;  100  grains  of  ef^,  therefore  contaik— 
10     grains  shell. 
22*8     „      albumen  and  fat 
67*2     „      water* 
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If  an  egg  weighs  two  otrnces,  it  contains  nearly  200  grains  of  solids ;   this 
a  convenient  number  to  remember,  as  100  grains  correspond  to  1  ounce. 
For  choice,  look  through  the  egg ;   fresh  eggs  axe  more  tran8i>arent  in  the 
ntre,  old  ones  at  the  top.     Dissolve  1  oimce  of  salt  in  10  ounces  of  water; 

eggs  sink  ;  indiffcreut  swim.     Bad  eggs  will  float  even  in  pure  water. 
Pr€«tTvaiion, — Eggs  are  packed  in  sawdust  or  salt,  or  are  covered  with  gum 
oil,  or  placed  in  lime-water^  with  a  little  cream  of  tartar.*     Boiling  for 
a  minute  also  keeps   them  for  some  time;  in   fact,  anything  which 
dudes  air. 

The  lime-water  gives  them,  it  is  said,  a  peculiar  taste,  and  makes  the 
albumen  more  tluiiL 
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SECTION  XV. 
CONCENTRATED  AND  PRESERVED  FOOD,t 


For  the  military  sm^geon  thk  subject  is  so  important,  that  it  is  desirable  to 
pat  the  chief  facts  under  a  separate  section. 

*It  it  said  that  ooyering  thorn  with  a  aolutioti  cif  bees-wax  in  wftrm  olive  oil  {^  ofbttes-wax 
|di»  Af  olive  oil)  will  keep  them  for  two  years.— CA^nwtca/  Xtwi^  August  1865.  p.  81 
t  Dr  Lelheby  itiforms  us,  that  frotii  l'80<>  to  1855  there  wero  177  patents  taken  out  for  drying 

SrvMmng  food.     Of  these  *26  were  for  rlrytug  the  food,  31  for  excluding  atincwphcric  nir, 
for  giTing  an  impenrioufl  coating. 
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It  is  obvious  how  important  it  must  be  in  time  of  war  to  have  a  food  \ 
may  h^  at  once  nutiitiooe,  portable,  eauily  cooke4,  and  not  liable  to  < 
tion.  Lirnl'a  sagficious  miiid  long  ago  saw  this,  and  he  strongly  m^  \ 
advisability  of  having  on  board  ship  prepared  food  of  this  kind,  li  i 
Tememlieredj  however,  tlrnt  a  man  muat  get  Mb  260  to  300,  or  even  350^ 
of  nitnj^en,  and  8  to  12  ounces  of  carbon,  in  eiich  twenty-four  boun^  1 
some  hydrogen  and  salts.  The  work  of  the  body  when  in  activity  ( 
carried  on  with  hm  ;  and  at  pnjsent  these  cle^nents  cannot  be  proBenied  to! 
in  a  tLigestible  form  in  a  smaUer  bidk  than  22  or  23  water-free  outioet. 
centration  at  present  cannot  be  earned  beyond  this,  and  practically  hM  i 
reidly  been  carried  to  tins  point.  Life,  however,  and  vigour  may  for  i 
days  be  prewrved  with  a  mtich  hm  amount ;  and  I  have  x^tic^  tjje  '  _ 
amount  of  food  to  1 1  water-free  onnces  daily,  with  fidJ  retention  of  ^tttagSk 
for  Reven  days,  though  the  body  waa  constantly  losing  weight  For  expsli 
tirmfl  of  three  or  four  days,  if  tnin sport  were  a  matter  of  great  lElBonltfi 
soldiers  might  be  kept  on  10  or  12  ounces  of  water-free  food  daily,  pmndJi 
they  had  been  fidly  fed  beforehand,  and  Biibseqnently  had  time  an«l  food  to 
make  up  the  tissues  of  their  own  body,  which  would  be  exjiended  ia  tb 
time,  and  would  not  liave  been  replaced  by  the  insufficient  food* 

WT^piu  wo  inquire  into  the  concentrated  foods  now  in  the  market,  aoiai^ 
which  pri>fe8s  to  supply  aU  the  substances  necessary  for  nutrition,  yn  fiii 
them  not  very  satisfactory.  They  are  often  not  so  concentrated  aa  they  W^ 
be,  or  are  delicient  in  important  principk\<?,  or  are  disagreeable  to  th*  tlit& 

Dri^d  Mmt. — Meat  dried  at  a  very  low  heat  has  been  bir>ught  into  tif 
market  by  Yerdeil  It  has  lost  the  greater  part  of  its  water,  is  hard,  ol 
requires  very  aiR-ful  cooking,  hut  is  beHeved  to  be  nutritious  when  wdi 
pre[)aied. 

Messrs  M*Call  of  London  have  also  prepared  an  excellent  dry  meat ;  it » 
sold  in  packets,  each  of  which  weighs  4  osl,  and  is  intended  for  one  m&aL  h 
contains  sdt  and  pejiper,  and  1 2  per  cent,  of  water. 

Hfjimairs  Flour  of  Meat, — Good  fresh  me^t,  freed  from  visible  fat,  k  cm- 
fully  dried  at  a  very  low  tempemture,  and  is  pulverised  by  machinory,  m  ti^ 
a  very  fine  smooth  powder  is  formed  This  is  mixe<l  with  about  8  per  ceot 
of  arrowr<ji>t,  2i  per  cent,  of  sugar,  and  3  per  cent*,  of  a  mixtui^  of  nitti^ 
pepper,  spices,  and  colouring  matter.  The  object  of  the  arrowroot  is  to  os^ 
its  Buspejisioii  in  water.  From  an  analysis  of  3  samples  of  the  commfiical 
flour  of  meat^  I  found  the  average  to  he  in  100  parts — water,  12*68;  fit, 
10  99  ;  salts,  3*82  ;  and  nitrogen,  8 "81  (-nitrogenous  compounds,  55-5);  tbr 
rest  is  made  up  of  arrowroot,  spices,  sugar,  &c.  The  free  aclditj^  tftV^  • 
lactic  acid,  is  1*8  per  cent.  As  this  Hoiu'  of  meat  containB  albumen  vi 
fi brine  in  a  condition  well  adapted  for  nutrition,  it  is  probably  mom  sailal 
than  Lie  big's  extract  for  a  diet  of  long  continuance.  I  have  tri«d  aome  €t 
perimentfl  with  it^  and  fomid  thai,  when  given  iiith  bread  alone,  it  did  Ml 
nourish  properly.  Two  gentlemen,  who  lived  on  it  and  bread  for  aome  diu 
Ijoth  1  became  indisposed,  and  there  was  great  dysjwpsia,  eWdentlv  impeito 
digestion,  witb,  in  both  cases,  an  eruption  of  acue.  When  to  the  sunt  di«* 
a  larger  amount  of  fatty  and  vegetable  foods  were  added,  without  anv  mavtm 
in  the  meat  or  bread,  the  effect  on  health  was  described  by  both  ol^erreistf 
perfectly  marvellous;  all  symptoms  of  ilhiess  disappeared,  and  with  thii 
jjroper  admixture  of  food%  Hasaall'a  flour  of  meat  answered  adminhlj* 


•  I  Imve  seUlom  been  more  impreft&ed  than  witb  the,«Je  experiments  ;  the  evident  diffic^jto 
dicGfttion  of  Hatfsall'H  food  by  iUelf,  nnd  in  ita  perfect  digestibility  and  evident  nutritive  i«w 
wlieu  tbere  was  admi^tare  of  vegetables  and  corbo  iiydnites  and  fat,  oonvijioed  ma  of  tat  n^ 
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PHdt  of  meat  keeps  verj'  well ;  hut  if  the  o|rtin  tina  are  exposetl  to 
iifter  several  months  it  slightly  changes  coluur,  and  then  acquiitjs  a 
odour.  Bubseqiieiitly  it  dBcomiiOSL*^,  But  if  wall  fixsteiied,  it  will 
f  a  very  long  tiine.  It  will  certainly  be  a  valuable  addition  to  the 
I  of  the  military  surgeon, 

r  the  t^irms  TfWijm  and  Charqui\  two  kinds  of  niejit  are  prepared  in 
joerica  ;  it  is  probable  that  these  terma  have  not  always  been  used 
ime  senae.  According  to  Mr  Bridges  Adams,  Tasajfis  is  meat  cut  in 
M,  dipped  in  brine,  and  then  partialh^  dried.  Chaniui  is  thin  strij^s 
liar  filiit^  from  which  the  fat  is  removed,  tlried  rapidly  by  sun  heat, 
inkled  with  njaize.     The  salted  dried  meat  (Tasajos),  analysed  by 

gave  ftoia  29  to  56  per  cent,  of  water;  15  to  41  per  cent  of 
lOOfl  sabatanc«s ;  3  to  1 2  of  fat,  and  1 1  to  20  of  salts. 
iried  meat  of  the  Kaflirs  (beltong)  is  very  much  the  same ;  great 
f  beef  are  sun-dried,  and  remain  imdetompoRed  for  a  long  time.  So 
i!gjpt  the  meat  is  dried  by  exposui-e  to  the  sun  and  north  vdnd. 
teimican  of  the  Arctic  voyagers  is  a  mixture  of  the  best  beef  and  fat 
jether^  and  is  an  excellent  food,  though  rather  exp+aisive.  Sugar  Id 
es  addeil,  and  sometimes  raisins  and  currant^^  j  the  latter  would  be  a 
liable  »<ldition  wbare  there  was  a  deficiency  of  vegetable  food.  For 
of  penuuican  see  page  195. 

^3  Ejiradum  CarnU  is  the  juice  of  meat  extmcted  on  the  following 
Ever}'  particle  of  meat  is  separattMl  frtjm  fat  and  tendons,  and  is 
jjente^l  for  some  time  to  a  moderate  he^t ;  a  viacid  dark  extract  at  Jast 
which  contains  the  salts,  creating  and  other  orgftuie  nitrogenous  hu1> 

Mixed  with  warm  wat*^r,  tliis  extract  give^  a  highly  agreeable  and 
IS  beef-tea  or  mutt*:>n  brotli.  One  §>  of  mutton  gives  about  two-fiftha 
jice  of  extract.  It  has  the  i"*?niiirkahle  rjuality  of  not  decomposing ; 
^  some  for  fifteen  years  in  a  bottle  l<x»seiy  stoppered. 
are  now  numerous  eami>les  of  Ejdractmn  Uanm  in  the  market^  pre- 
South  America  and  Australia.  The  majority  have  an  almost  identical 
don.  I  have  analyst«d  five  different  kinds,  and  thert^  are  other 
by  Apjohu  and  HassalL  Two  of  ray  five  samples  Wk^m  obtained  frc im 
J  Bentos  Company,  the  others  from  Australia,  Buenos  AjTes,  and 
Tideo.  The  average  amount  of  water  (using  round  numbers)  was  16 
i ;  of  ash,  20  pcir  cent ;  of  nitrogen,  8  per  cent.  ;  the  lowest  being 
L  the  highest  10*14,  All  Imd  an  agreeable  acidity;  the  average 
'  was  equal  to  7  grains  of  free  lactic  acid  (af^suming  that  mid  to  be 
cause  of  the  acidity,  which  is  not  certain),  and  in  addition  there  was 
d  lactic  acid  eqund  to  5h  grtiins.  In  all  these  respects  the  several 
were  very  similar.  There  are  some  otlier  extnxcts  in  the  nuiiket, 
Pe  leas  rich  in  salts  and  more  watery,  but  containing  almost  as  nuich 

;  gelatine  appears  to  have  l>een  added  to  these. 

i  Liebig's  extract  is  taken  during  fatigue,  it  is  found  to  l«j  remarkably 
ve,  increasing  the  power  of  the  heart,  and  removing  the  S(  use  of 
Following  great  exertion.  iUxed  with  wine,  it  him  been  emplijyed 
ttt  eucceas  in  rousing  men  in  collapse  from  wounds.  As,  however, 
>genous  com]ioim*ls  in  the  Extructnm  are  not  in  the  form  of  albumen 
e,  but  of  other  comi>otmds  (creatine,  extractives  solubli'  in  water  and 
,  it  has  been  supposed  tliat  tho  nitrrtgen  is  not  ca]»alJe  of  being 
d  in  the  nutrition  of  muscles  or  gland-ci^llsj  and,  in  fact,  that  the 

prntance  of  attending:  to  these  pnint^t  in  ca«r«  of  sIcknpKN.  I  foel  iaure  Ui&t  in  laaa/ 
-■*--- "5  too  closely  to  one  clftSh  of  Jiet,  we  latist  c!o  injury. 
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Ejrtradum  Cumis  does  not  represent  a  true  nutritive  albuminate, 
eonsiikred  it  to  be  a  condiment  wliich  inerejiaes  tlie  |X)Wcr  of  the  stomjidi  t^ 
digest  vegetable  fotnl;  and  lli^rscliehiifiiin,*  who  does  not  conaidef  it  t  rob- 
stitiite  for  meat^  yet  thinks  that  it  aids  in  dijgc*^ting  hard  meat,  and  thftt  \k» 
meat  ration  can  be  lej?sened  when  it  is  nsed.  By  some  its  action  hnn  I 
wmpared  to  that  of  tea  and  cottee,  but  there  does  not  appear  to  be  any  d 
jwirallel  By  aupidying  lactic  acids  and  flavouring  mattera  and  potash 
it  must  aid  nutrition,  even  if  we  8Upp<ise  that  the  nitrogenous  print-iplw 
useless,  which  mnnot  be  considered  as  yet  proved.  It  has  been  stated  If 
Kemmericht  that  the  potash  salts  increase  at  first  the  jxiwer  of  the  heirir  hi 
aftc'Twank  paralyse  it,  and  he  believes  that  lai^e  (|uantitie«  of  Liebig*a  extod 
may  thus  he  injurious.  Bunge}  haa  repeated  the  exjierimenta^  and  finds  tbH 
Keinmerich  has  much  overstatt^l  the  effecte,  and  that  to  paralyae  tlie 
enormous  doses  would  be  mu'essary.  There  are  about  15  graiiij  of 
salts  in  100  of  extract,  and  Bungo  lias  caleulnted  that  if  the  quantity  w; 
kills  a  rabbit,  increased  for  size,  would  kill  a  man,  no  less  than  225 
or  3471  grairiii  would  be  necessary,  which  would  be  equivalent  to  puttiog 
poisonous  dose  of  potash  at  only  50  grammes  (771  grains)  ;  the  extmot 
not  therefor©  do  harm,  even  if  taken  in  most  unusual  dosee. 

When  taken  in  veiy  large  doses^  the  extract  (like  large  qniuilHies  of 
dooe  dometime^  cause  heaviness  and  torpor^  and  this  has  been  aombed  Ut 
potash  salts,  but  it  may  be  a  question  whether  it  is  not  owing  to  the 
of  the  nitrogenous  extmctive  matt43r.§ 

About  23 tJ  grains  of  extract  in  one  pint  of  water  are  nearly  equal  to  a  pBB(«f 
beef- tea  made  from  y^jths  th  of  fresh  beef ;  |th  ounce  of  extract  in  oon  vaA 
are  equal  to  a  pint  made  from  1  lb  of  fresh  beef.     There  is,  however,  s 
opinion  that  the  extract  beef-tea  is  not  so  good  as  that  made  at  onca 
fresh  beef ;  a  mixture  of  the  two  is  well  spoken  of. 

It  seems  probable,  though  proof  has  not  been  given,  that  Liebigfg  extm:! 
an  an ti -scorbutic. 

The  "  concentrated  beef-tea  "  is  bejef-tea  and  the  juices  of  the  com; 
beef  mixed  and  evaporateiL     This  is  a  highly  nutritious  subatance,  and 
useful  to  the  army  surgeon.     Mixed  with  wine,  antl  given  as  soon  as  pcaiflib 
aft^r  wounds  are  received,  in  the  time  of  shock  and  colk[>8e,  it  waa  found  a 
tlie  Austrian  army  {in  1859)  to  save  the  live^  of  many  wounded  men, 
experience  of  the  Federal  American  array  is  to  the  same  effect  (  ~ 
Ejctrficfam  Canii^  is  now  nmde  ako  by  pressure  without  heat. 

ExiraH  nf  Midft^n, — An  Australian  extract  of  mutton  is  now  sold, 
is  more  solid  than  Liehig's  extract,  and  differs  from  it  in  containmg  much  fill 
It  is  a  very  good  prt^pamtion. 

Bfliafs  Exfrnd  of  Afmt.\\ — In  making  this  extract,  the  meat,  del 
of  fat  and  tern  ions,  is  cut  up  very  hue,  and  exhausted  with  cold  watt!!r 
resitbie  is  vapour-heat<»4  in  henneticaUy^sealed  vessels,  and  is  then  beatr^l 
its  own  weight  of  water  and  a  proper  quantity  of  l:»one  to  194'  Fahr.  foi 
hours  ;  it  is  subsequently  pressed  in  an  hydraulic  press,  mixed  vrith  watsf 
cooked  vegetables.     To  tluB  mixture  the  cold-water  extract  is  then  iiddfid^ 


xtivelH 


•  f5r>,TOidt*a  Jnhrb.  1872,  Jftn.»  p.  21. 

t  Zeit>oli.  fiir  di*  ges.  Phys.,  band  ii.  p.  49, 18fl9,    See  my  Report  on  Hygi«iM  in  th<  AlSf 
Med.  DepartineDt  Blue  Book,  vol  Ix,  p.  266,  for  an  Abstract  and  diflCttAsion.  ^^ 

1  Zeitftch.  fiir  die  ges.  Pliys.,  band  iv,  \\  2K34. 

I  Two  gentlemen  at  my  re[}U««it  lived  for  four  days  on  Liebig*a  extract  and  bread.  O&i  ImI 
weight,  but  wai  otherwine  healthy  ;  the  oth^r  became  iodispoeed  and  gained  weiglil.  aatftfo^ 
lion  were  interfered  with.  The«e  ayroptoma  weiv  at  once  TemomBd  by  the  additifio  «f  F-*-  ^^ 
starches  to  the  aame  diet,  aa  in  the  luuuogons  caae  noticed  aa  oocumng  in  the  i 
Baaaaira  drknl  meat. 

D  Ppggiale,  Kec  de  Ifenu  de  Hod.  Milit.  1868,  AuttU,  p.  20$. 
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fSbB  whole  is  heated  to  clarify  it,  and  is  then  filtered.  It  is  saiWqiientlj 
•vmpofSted  to  the  consistence  of  thick  houey,  and  packed  in  mi'tal  boxes,  from 
which  the  air  ia  excluded.  A  little  less  than  an  ounce  (25  graninies)  in  If 
pint  (1  litre)  of  water  makes  a  good;  heef-tea. 

Edwtirftfs  paieni  dmiccated  mup  consists  of  a  mixture  of  l»eef  and  veget- 
ahlcs ;  it  IB  easily  prepared  by  lK)iling  in  water,  alraut  an  ounce  to  a  pint  of 
water.     It  was  well  spoken  of  in  the  Ashantee  war. 

JW«i/  Bi9cuii^, — 'These  biscuits,  or  powdei's,  for  they  are  generally  powdeied 
nnd  8old  in  canisteis,  are  formed  by  mixing  rich  extmct  of  ment  with  wheat 
flour,  and  drying.  The  biscuit  of  Mr  Gail  lifmlcn,  of  Cialveston,  in  Texaa, 
OOntitikB  equal  parts  of  meat^xtract  and  dried  Ooinr  (made  in  a  Papin's 
digecter).  A  biscuit  like  this  was  very  much  used  in  the  American  war. 
The  inventcif  represents  that  10  lb  will  last  a  man  for  fourteen  days,  or  at  the 
rate  of  1 1  *2  ounces  a-day,  but  this  is  clearly  an  exaggeration.  The  biscuit, 
after  being  powdered,  w  soaked  in  cold  water  for  a  few  minutes,  then  boiled 
£n>m  twenty  to  thirty  minutes, 

3Meat  biauits  can  be  made  in  a  very  simple  way,  by  mixing  together,  cook- 
ing, and  baking  1  lb  flour,  1  lb  meat,  \  %  fat  (suet),  J  i>  jiotatoes,  with  a 
little  sogar,  onion,  salt,  pepper,  and  spices.  A  palatable  m^at  bisuit,  weigh- 
ing abfjut  IJ  lb,  containing  10  to  12  per  cent  of  water,  i3  then  obtained, 
wlikli  keepfl  quite  unclianged  for  four  months. 

Pea  Samage, — In  the  Franco-German  war  the  Germans  made  great  \\m  of 
a  pett  MQflage,  made  by  mixing  pea-flour  and  fat  pork,  with  a  littU^  salt,  I 
IcKiJid  It  to  contain,  in  100  pai-te,  16*2  of  water,  7*19  of  salts,  12 '297  of 
albiliiiiiittlee,  S3 -65  of  fat,  and  30663  parts  of  carbohyil rates.  It  is  ready 
Qoofced,  hot  om  be  made  into  a  soup.  It  was  mueh  relished  for  a  few  days, 
Inrt  tlie  men  got  eventually  tired  of  it,  and  in  some  it  proilucejl  flnt  idence  and 

Fiowr  Saaim»geL — A  mixture  of  pork  and  wheat  flour  haa  been  used  in  the 


way. 

MoMDt  taui  Beef. — Tlie  Germans  in  1870  made  alao  use  of  a  mixture  of 
'  and  beef,  which  appears  to  have  been  mucli  Hked. 

Dried  Cfr^xUa, — Many  flours,  if  well  dried,  will  keep  for  a  long  time, 
ILutl*s  "farinaceous  food  for  infants"  is  wheat  flour  baked.  Denham's 
**  farinaooons  food  *'  ia  com|K>sed  of  3  partja  wheat  flour  aud  1  part  of  liarley, 
dri^d  at  a  heat  of  200'  Fahr.  It  iose^  from  26  to  3D  j>er  cent,  in  weight 
The  liuHsian  Government  formerly  used  a  cake  composed  of  a  mixtunj  of 
o>tTn>^!  and  malt  (2  parte  to  1) ;  it  was  baked,  ami  form  id  au  agreeable  article 
^  food.  When  placed  in  water  in  a  warm  place,  a  slight  fermentation  gijes 
cm,  a&d  m  kind  of  beer  ia  produced-  I  have  kept  these  cakes  unaltered  for 
BMore  than  a  year.  There  are  now  in  the  market  different  kinds  of  miilt 
IriiPfTOt  Kid  granulated  malt  food.  Liehig's  food  for  infants  is  c^trnpose^l  of 
aqiMl  parts  A  wheaten  flour  and  malt  flour  mbce<l  with  a  little  carbonate  of 
jKltiiili  and  cooked  with  10  parts  of  milk.  The  wheat  and  malt  Horn  are  now 
ontOy  cooked,  and  sold  in  powder  ready  to  l>e  boiled  with  the  milk. 

Dfiad  BftoiL — In  addition  to  biscuit  abeady  descriVjed,  bread  ha.s  been 
pirtially  dried  by  being  pressed  in  an  hydraidic  pre^ss  (method  of  I^ignel). 
Much  water  flowe  out^  but  when  taken  out  the  bread  still  feels  uioist.  In  a 
d»J  Of  Iwa,  however,  it  becomes  as  hard  as  a  stone,  and  in  a  year's  time  will 
1m  foanfl  good  and  agreeable.  Placed  iu  water,  it  slowly  swells.  The  *'pain 
Usctnt^  '*  of  ths  French  army  is  breiid  drieil  by  heat  (see  Bread). 

DHfi  PoifMtoe$  ai&  sold  in  two  forms — slices  and  granulateih  In  either 
owe  the  potato  is  easily  cooked,  and  is  very  palatable.  It  should  be  soaked 
In  ooM  water  fint  for  some  time,  then  slowly  boiled,  or,  what  is  much  better, 
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Steamed-     The  directions  for  cooking  Bdwanl's  pre&ervecl  potato  (i 
gnmnlated)  aro  :  **  To  tliree  quart^'i-a  of  a  pound  add  about  one  qimrl'* 
ing  water,  stirring  it  at  the  same  time  :  cover  it  closely  ;    tht>  ba^iii  ofi 
used  fIiohUI  be  kept  hot ;   let  it  at^md  for  ten  minutes  ;   th^m  Well 
adding  butter,  salt,  &o,,  at  discretion,"     It  is  stated  to  be  equal  to  six  i 
it«  bulk  of  the  fresh  vegetable,  but  this  is  hardly  lx>me  out  by  analysis  r 
times  is  as  hij^h  as  it  \vould  be  safe  to  aUow.      Indeed  hoth   my  own 
Prtjfessor  Attfiekra  analynea  (see  Report  of  Committee  on  Scurry^  1 877)  J 
that  a  Bb  of  preserved  potat-o  contains  the  solid  matter  of  only  3^  lb  of  cpidisflzy 
fresh  potatoes.     {F.  de  C.) 

Dried  Vegetables  {other  than  Potatoes).^— Dimd  and  compressed  v^gtMkm 
of  aD  kinds  (peas,  cauliflowers,  carrots,  <fec.)  are  now  proparod,  especially  }>f 
Messrs  Masson  &  Challot,  so  perfectly  that^  if  properly  cooked,  tbey  furniah 
a  ilish  almost  e(|ual  Uv  frc^sh  vegetables,  Profe-ssor  Attfield  (s«e  lii 
Committee  on  SciKvy)  found  that  dried  compressetl  caldxige  cont 
aoHdfl  of  seven  time^  its  weight  of  fre^h  cabbage,  whilst  the  mixed  re 
contained  ^/irf  and  a  hal/tbnQs  the  solids  of  the  fresh  vegetables.  Tliey  J 
"be  cooked  very  slowly.  If  there  ia  any  disagreeable  taste  from  coinmginagg 
putrefaction^  which  is  very  rai>33  a  little  chlorida  of  lime  remoTes  it  itoocie. 
potassium  f»enuanganate  can  be  also  used  for  this  purpfise. 

As  anti-scorbutics  they  are  said  to  be  inferior  to  th?  fresh  vegetaUe 
(experience  of  American  war),  hot  are  still  much  better  than  nothinff,* 

Dried  Alifk. — Preserved  milk  is  sold  in  a  liquid  form  (see  Milk),  but  ia  i 
sold  as  a  powder.     Desiccated  milk  is  now  very  well  prepar©<l ;    I  exa 
a  sample  of  Fadeiiille's  desiccated  milk ;  the  bottle  contained  IM^  gn^^ 
consisting  of->— 

Casein, 524*688 

Fat, 330442 

Lactm,         .         .         .         .         .         49-2-265 
Salts,  ,         ,         .         ,         ,  73*890 

mid  intended  to  be  mixed  with  a  quart  of  watar.     When  ao  mixed  it 
specific  gravity  of  1026  ;  a  little  sugar  had  ppjbably  been  adde*!.     Oetm  * 
the  extent  ol  -^^tha  rose  to  the  surface.     The  milk  turned  acid  in  1 
four  hours, 

Conmntrated  Milk. — Milk  is  evaporated  at  low  ateam  heat  to  the  < 
of  a  thick  syrup,  and  white  sugar  is  added.  I  have  examined  four  kiiidi^ 
three  of  these  being  very  similar,  the  fourth  more  watery,  but  of  le»  coii 
There  was  no  impmity,  and  the  casein,  fat,  and  salts  were  in  g<x>d  propoiiaoiL 
The  percentage  of  water  was  20,  21"8,  aud  19  "2  in  the  three  cotioesitntri 
milks,  and  42-15  in  the  watery.  After  opening  the  tins  all  the  sampkiR^ 
mained  goixl  for  over  a  month. 

Dnmi  Efjgii. — The  yolk  is  not  easily  kept  after  dryijog,  but  the  white  oo 
be  so  ;  it  is  cut  into  thin  scales,  and  forty-four  eggs  make  about  i  Ih.  Tin 
yolk  and  wbit©  are  also  mixed  \\^ith  flour,  ground  rice,  &c,,  and  are  thearhwl 


*  Profeflftor  Attfield  {Im,  dt)  conBiilera  that  in  the  compresMMl  vegeUblea  «Qcne,  ct  Im^ 
of  Ura  juice  ia  lost  in  the  prepuratioiij  probiibly  by  pressiare. 


V.' 


^  ^ 

:>.^' 


e>  Q^  ^^ 


Or. 


S^adj^Ammreot        •,    5»gu  u^  Commerce  R     l*mi«5* 
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CHAPTEK    VII. 


BEVERAGES  AND   CONDIMENTa 

SECTION  L 

ALCOHOLIC  BEVERAGEa 

[>UGB  it  is  convenient  to  place  all  the  beverages  wliich  contain  AlcoLol 
-  one  heading,  they  yet  ditler  matemny  in  comjiosilion  and  elFect-s. 

Sub-Sbction  I— Beeb. 

Campamticm^ — The  law  fonnerly  allowed  only  malt  and  hops  to  be  tiBed  in 
brewing,*  but  since  the  repeal  of  the  bop  duties  various  bitti-r  substances  are 
used.  Beer  ooght  to  consist  of  malt  and  bop  extracts  only,-^-<jf  alcohol,  formed 
by  lermentaiion,  and  of  ealta  added  in  the  water,  or  present  in  the  malt  and 
hops. 

Th©  specific  gravity  variea  from  1006  to  1030,  or  even  more,  in  the  thick 
Gennan  beets;  the  average  in  English  beers  and  porters  iBfrom  1010  to  1014. 
The  peneat^e  of  malt  (dextiin^  oelliilofie,  migar)  is  from  4  to  15  ]>L^r  cent,  in 
ale,  and  fiom  4  to  9  j>er  cent  in  porter.  It  is  leiist  in  the  bitter,  and  highest 
in  the  sv^eet  alea.  The  hop  extract  {Inptilite  and  resin)  is  in  mnch  smaller 
amotmt.  The  alcohol  varies  from  1  to  10  |jer  cent,  in  volunH?.  The  free 
acidi^  wliich  arises  from  lactic,  acetic,  gallic,  and  malic  acids,  Hinges 
(if  iQckoned  as  diy  acetic  acid)  from  15  to  40  grains  per  pint.f  The  sngar 
bat  a  great  tendency  to  form  glucinic  acid  (C^  JljgOg).  There  is  a  small 
quantity  of  albimunous  matter  in  moat  beers,  but  not  averaging  more  than  *5 
percent  The  salts  average  '1  to  "2  percent,  and  consist  of  atkahne  chlorides, 
and  phosphates,  and  some  earthy  phosphates.  There  is  a  small  amount  of 
ammooiaoil  salt  The  dark  beers,  or  porters,  contain  caramel  and  ai<aamar. 
Free  carbonic  acid  is  always  more  or  less  present ;  the  average  is  '1  to  *2  pjirtfi 
by  weight  per  cent,  or  about  1|  cubic  inch  per  oiince.  Volatile  and  essen- 
tial oila  are  also  present 
Adopting  mean  nmnbers,  1  pint  (20  ounces)  of  beer  will  contain  : — 

Alcohol, 1  ounce, 

Extractivei,  dextrin,  ^sugar,      .         •         .         1  '2  ,,     (524  grains). 

Fre«?  acid, 25  grains. 

Salts,  13  grains. 

Phf^nolfMjieal  Action, — Hie  action  on  tissue  metamorphosis,  as  far  as  is 
known,  is  euppoaed  to  be  one  of  lessened  excretion  ;  the  urea  and  pulmonary 
carbonic  acid  being  both  decreased.    If  this  be  the  case,  it  is  not  owing  to  the 

*  inth$Uennmng  Act  (1$72>,  cknse  19  oontatm  pemltlea  for  using  my  deletenoas  substance 
for  milliif  wrth  liquora  sold  by  person*  bnving  licences  under  the  Act  ^^<^  ^^  tbetirat  scbcdtilo 
to  tbm  aS  ifl  ft  lint  of  deleterious  iDgredi^Qts,  vii.  :—**  Coccaliu  titdiouj»,  ch1ond«  of  radium 
(oIkirwIiseoBiiMm  tali),  copperu, opium,  ludlAuhtimp,  fitrychnijie,  tolmcco,  damoUoed,  extract 
oCkntodp  m^  of  sine  or  Mad,  alum,  wd  any  tither  extrant  or  compoaiui  of  any  of  the  abore 
JMpirilMhL*  Acmal  aitkks,  which  an  mppo^  to  bo  used  u  idiUteraata,  ara  omittod  trom 
thiaUat 

t  fiaokoMd  as  atadal  acetic  acid,  these  uombera  would  be  alight^  t^creaiod* 
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alcohol^   at  least  in  moderate   dietetic  doaea,  but   to   some  c^  tlv  ( 
ingTGdients ;  but  the  experiments  require  repetitioiL*     On  the  ueTTooi  ^ 
the  action  ia  probably  the  same  as  that  of  alcohol.     The  peculiar  ex]fliflli| 
or   depmsaiiig   action  of  beer  taken  in   large   aniount   has  heea  aoM^ 
bj  Banket  to  the  large  amount  of  potash  salts,  but  probably  the 
etituents  (especially  the  hop)  are  also  concerned. 

When  beer  is  taken  in  daily  excess,  it  produces  gradxmlly  a  state  of  I 
and  plethora  of  the  system,  which  prolmlily  arises  from  a  continmL,  ( 
slight  inlejrference  with  elimination,  both   of  fat    and  mtrogenoiii 
MTien  thifl  reaches  a  certain  point,  appetite  lessens,  and  the  foimititi^] 
of  the  botly  in  impaired.     The  jmperfe<it  oxidation  leads  to  exoett  of  pn^l 
oxidised   products,  such  as   oxalic   and   uric   acids.     Heusoe   manj  rfj 
anoraalous   aiTections^    classed   as   gouty  and   hUious    diaoidezi^ 
evidently  coimected  with  defects  in  the  regressive  nietainoTphD6i& 

The  qnestioiij  what  is  excess  1  is  not  easy  to  answer,  and  will  depend  \ 
on  the  compo.'iitioii  of  the  beer,  and  on  the  habits  of  life  of  thoee  who  tAkrfvl 
but  jutlgiug  from  the  amount  of  alcohol  which  is  allowable,  from  one  p{Blli| 
two  jsints,  according  to  the  strength  of  the  beer,  is  a  auMcient  amouDlloit 
healthy  man. 

EXAMINATION  OF  BBEB. 

This  is  directed  to  aacertain^L  Quality  ;  2.  Adulterations* 

1.  Phi/meal    Characters — The   beer   should   be   transparent,    not 
Turbidity  arises  from  imperfect  bri^wing  or  clarifying,  or  from  cod 
changes     If  the  latter,  the  acidity  will  probably  be  found  to  be  inci 
The  amount   ol  carbonic  acid  diaengaged  should  neither  be  excenm 
deficient. 

The   taste    should   be   pleasant.     If    bitter,   the   bittemeaa    shoiild 

h©  persistent     It  should  not  taste  too  acid. 

Smelt  give^  no  indication  till  the  changes  have  gone  to  some  extent 

If  there  is  any  turbidity,  there  wiH  be  foimd  on  microecopic  exaioiudtfl 

abundance  of  yeast  cella  and  amorphous  deposit, 

2.  Determine  Specific  Gravih/, — -If  this  is  done  after  the  alcohol  im  diiwij 
off  (see  Determination  of  Alcohol),  an  appi-oximate  conclusion  c-an  he  foftniij 
of  the  amount  of  solids  by  diviiling  by  4  the  excess  of  the  speci£c  grafiyJ 
over  1000.     The  more  malt  extract,  the  greater  is  the  bod^  of  the  beei. 


Spocttc  finvlty 

Pi't  cent,  of 

specific  GruYitv 
After  lou  of  Alcohol. 

Tmm 

if t«r  loM  of  Alcohol. 

LxtracL, 

tan 

lOOi       . 

1 

1024 

G 

1003       . 

2 

1028-1       . 

.                   t 

1012       . 

3 

1032-2       . 

S 

1016       , 

4 

1036-3      . 

9 

1020 

5 

1040-4       . 

.       10 

3.  Dden7iiiit  AeUitif,^-Thm  is  a  very  important  matter,  as  the  inciMWfl 
acidity  is  an  early  effect  when  l>eer  is  undei^ing  ch&ngea. 

The  acidity  of  beer  consists  of  two  kinds. 

Volatile  Acids, — ^viz.,  Acetic  and  eartionic 

Non-VoMile  Adds, — viz.,  Lactic,  gallic  or  tannic,  malic,  Mid  solphnd^ 
it  haa  been  added  as  an  adulteration. 

*  BituE  (Jonrnat  of  Anatomf  and  Pkjrsiology,  Ma^r  1^74)  »Ule«  that  alcoliol  < 
the  puliuouary  carbonic  acid  and  urea, 
t  Fhyfi.  (ks  Maiuch^,  1S<}8,  p.  1S9. 
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Td  diteniiiie  acidity  of  beer  and  all  other  liquids,  the  easiest  plan  is  to 
prvpBTu  an  alkaiine  sodution  of  known  streugtlL 

Stamfurd  Alhdhu}  Solutitm, 

A  tfUndard  acid  is  first  made,  and  t-rystaEiBed  oxalic  acid  (C<jUyO^  +  20H  J 
(equtTileni  126)  is  now  usually  employed* 

One-lwent^th  of  an  equivalent  (6  3  grammes)  is  taken  and  dissolved  in  1 
title  of  water,  1  CC.  of  this  solution  contains  therefore  '0063  grammes  of 
errstalliaed  oxalic  acid,  and  is  exactly  equal,  of  course,  to  an  equivalent  pro- 
|Kirlion  of  any  other  acid, 

A  solution  of  liquor  sodae,  or  potaasti?  if  s^xla  canuot  l>e  ohtained,  is  now 
tttken  and  graduated  with  the  acid  sokition ;  so  that  1  G.C.  of  oxalic  acid 
stdulion  abaJl  exactly  neutralise  1  C.C.  of  the  alkaline  solution.  Then  1 
l.\C  of  the  alkaline  solution  wOl  be  equal  to  -0063  grammes  of  oxidie  acid, 
or  to  an  eciuivalent  proportion  of  any  other  acid,  as  shown  in  the  table. 

a^niJAti  U  I  *^*^^*^  grammes  of  crj^atallised  oxalic  acid  (C^R^jO^  +  20Hj^). 

0051 


•0060 
-0054 
*0n75 
*0090 
■0040 

*0049 


„  acetic  anhydride  or  anhydrous  acetic  acid 

„  glacial  acetic  acid  (C.^H^O^j)* 

,^  citric  acid  (C^H^jO^),* 

„  tartaric  acid  (C^hJOo).* 

lactic  acid  (C,H,0,). 
„  sulphuric  anhydride  or  sulphuric  trioxide 

(8O3), 
„  sulphuric  acid  (SO^Hj)t 

In  pR^jRinug  the  alkaline  solution,  dilute  the  commtm  li<|iior  potiissie  of  the 
pharmacopoeia  {if  caustic  soda  cannot  be  hid)  with  about  7  or  8  \miis  of  water; 
put  a  portion  into  the  burette,  and  atld  it  to  10  CX\  of  the  standard  acid, 
CklotiK^  with  litmus  or  cochineal  It  will  he  found  that  about  8  or  9  CC. 
of  the  Ltquor  potassae  will  neutralise  the  10  CIC.  of  acid  ;  read  oti  the  amoimt 
of  alkaline  solution  used,  measure  the  remaining  jwirtion,  and  calculate  by 
rul*?  of  three  how  much  water  nmat  l>e  added  to  dilute  it,  so  that  10  (.*.U. 
shall  he  reciuired  to  neutralise  10  C.C.  of  the  acid. 

Ejcnmpi^', — 10  CC.  of  acid  required  8*7  CC.  of  alkaline  solution,  and  the 
^>mainder  of  the  alkaliue  solution  measured  160  C.C. 


8-r 


10  :  ;  160 
x- 183-9. 


Thus  (183-9  - 160  =  )  23-9  CC  of  wat^r  must  he  added  to  the  160  C.C, 
to  dilute  it  to  the  proper  stj^ngth.  Add  then  this  aiuount  of  water,  and  test 
it  once  more  to  se«  that  there  is  no  mistake.  The  alkaline  solution  does  not 
keep  well,  and  must  be  re- tested,  if  a  long  time  passes  without  its  being  usi'd. 

Having  prepared  the  alkaline  solution,  take  a  measured  quantity  of  beer 
(aay  10  CLC),  and  drop  in  the  alkaJine  t^ilutiou  fn>m  the  burette^  till  exact 

*  CSiric  add  b  thbosic  &Tid  tartaric  acid  bibaiie,  hence  tbflir  relative  iKutrRUaiiig  quantities 
^tr  f^*\K'A\^t\j  onetbini  and  one  half  of  their  e^aivatenta. 

:n^the  rtsalt  of  tlie  iuquirj',  the  cumpctsition  tif  the  ncida  should  ftlways  be  given,  by 
i.  ymboU,  otbcnvifte  error  may  arise.     If  tlie  ,4ymbob  ait?  givtn,  no  mistake  i»  possible. 

It  xaujtt  ue  reamiibieRfl  that  the  atoroic  weiglitg  are  thoMe  uT  ilie  Military  Kyatein,     Witn  regard 
tl»  lllBmi»  it  oq^  to  be  veiy  good  and  neutral.     The  best  way  of  niaktag  it  is  to  make  first  • 
itid  wateff  •olutton,  then  to  mid  dilate  sulpliimc  acid  to  tdight  acid  reaction^  faoil, 
wid  liq.  barjta  to  very  slight  alkaUne  r&acrtion  ;  destrtjy  the  alkaline  n-actioo  bv  paasing 
two  or  three  bubbles  of  carbouic  acid.     Boil,  filter,  And  add  one-teuth  part  01  alcohQi. 
ia  piobftbly  more  conTeaieot,  $a  it  gives  a  ahiirper  reaction :  for  ita  preparation  a«Q 
6L 
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neutrality  is  readied     Then  read  off  the  number  of  CC  of  aUwfini  "^vV 
I  need ;  miiltiply  by  the  co-efficieut  of  glacial  acetic  acid,  and  tbe  tctoll  ii>i 
I  tlie  ammmt  of  total  acidity  in  the  quautity  of  beer  operatiHl  on,  ii^  eT-— 
I  in  glacial  acetic  acid  (the  symljols  being  always  used   in  the  r^y-i 
shifting  the  dt?ciuial  point  two  jikw«  t<:i  the  right,  the  aniount  |»^r  uai^H 
giveiL     To  bring  gramniee  perj  litix?  into  grains  per  pint  multiply  by  ?\^| 
divide  by  20  ;   or^  whhit  m  the  game  thing,  uinJtiply  at  once  thie  mnni^H 
centimetrea  of  tdkaliiif  »tilntion  used  by  5 '25*      If  an  ouiicx*  has  ^^^^^^H 
instead  of  10  CO.,  multiply  the  C.C.  of  alkaliuo  ^lution  by  1'85  to  1in^|^| 
aniount  into  grains  jnir  pint  ^B 

If  the  alkaline  solution  e^innot  he  niade^  dried  carbonate  of  soda  mrfn 
used;  weigh  53  grabia,  and  dissolve  in  1000  C.C.  of  distilled  water;  I  (X^l 
I  "053  grains,  and  this  is  equivalent  to  ^063  grains  of  cr>^staIliBed  oxalk  mL  1 
If  there  h  no  bm^tte,  then  weigh  100  gmins  of  carlxniate  of  soda;  addic- 
tions gradnally  to  the  beer,  tuid  when  tht?  lieer  is  neutralised,  wu^  il 
carbonate  of  soda  remaining*     Then  etdcukte  by  rule  erf  three. 

As  53  is  to  the  equivalent  of  tht^  acid  Bought ;  so  is  the  amount  of  caibjMi 
of  soda  used  to  x;  ♦r-amaunt  of  acid  in  the  quantitj  of  beer  cfcnid 
upon. 

The  total  acidity  can  be  divided  into  tixed  and  volatile  by  erapoiittfL 
While  the  total  acidity   is  being  determined^  evapomte  another  m«Bw4 
quantity  of  beer  to  one-third,  then  dilitle  with  water,   and   i 
acidity.     The  acetic  and  carbonic  acidic  I'eing  volatile  are  drive]! 
and  other  acids  remain.     Deduct  the  auu:jnnt  of  alkaUne  Bcduti  ull|| 

second  proccas  from  the  total  amount  used,  and  tbifi  will  givt  iiiH 

nsetl  for  the  volatile  and  fixed  acidities  retipectively ;  express  one  m  lcra»  i 
acetic,  the  other  of  lactic  acid.  »Short  factor  for  lactic  acid  =-7*875.  Tm 
Hxed  ai'idily  is  greater  than  the  volatile  in  almost  all  baei^  and  mma^^a^ 
five  or  six  times  as  much. 

Genei-ally  speaking  the  detemunation  of  total  aciditjr  of  beef  giv*^  ^ 
books  is  too  great  1  have  seldom  found  it  to  be  nion'  than  30  gsaiiif  ptf 
pint,  and  often  less ;  sometimeja  not  more  than  14  or  15  gmius.  In  31  kiii* 
of  porter  and  atotit  recorded  in  the  Bn'tM  AMiail  Juurmd  (June  1^70).  tl* 
acidity  per  pint  varied  f if )m  25  22  gi:ains  (the  highest)  to  14*14  gr&imfiii 
lowest  amount).  In  23  kinds  of  ale^  the  highest  and  the  lowest  amotmte  vi 
pint  wemSS'SD  and  7*97  grains, 

4.  DetfTmuw  Amount  of  Alroht/L — There  are  Yarioua  ways  of  doing iH^ 
but  one  of  the  two  fallowing  will  lie  sufficient. 

Measure  a  certain  quantity,  say  one  pint  of  heer,  and  tfdte  the  specific  gmtiij 
at  60*  or  68*  Falir.*  1^^,  Put  into  a  i-etort  and  distil  at  least  two-tltink 
Take  the  distillate,  dilute  to  originiil  volume  with  distilled  water,  deteiMi 
the  specific  gravity  at  60"  or  68""  by  a  proper  instnmieut^  and  then  refer  to  At 
annexed  table  of  speciJic  gravities — ^opjKjsite  the  found  specific  g«vitT  tie 
percentage  of  alcohol  is  given  in  volume  (not  in  weight), 

2ff,  Then,  to  check  this,  a  plan  recommended  by  Mulder  may  be  vtel 
Take  the  residue  of  the  beer  in  the  rettirt,  dilute  with  water  to  die  otigM 
volume,  and  take  the  specific  gravity  at  60^  or  QS'', 

Then  deduct  the  specific  gravity  befon?  the  evai>c»mtion  from  thf  wpeak 
gravity  after  it^  take  the  tlifiereuce,  autl  deduct  this  fnuij  lUOO  (the  ^ifdii 
gravity  of  water),  and  look  in  the  table  of  s]>ecilic  grantiea  for  the  niiste 

*  Hiisaall  Teoommendfl  previous  mntmil  of  00|,  hj  Bhukiag  up  in  a  eork«d  KolSlv  fbr  1^ 
rolntit««,  opcmiifg  tb^  bottle  rmni  time  to  time,  oua  fiUc^JD^  «ir  tuiotigh  it  with  ft  tnlM.  Q* 
ia  more  necessary  with  bottled  than  draQjlit  beer. 
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tliua  obtained  ;  opjpodte  will  be  found  the  percentage  of  alcohoL*     The  results 
oi  these  Imto  methods  ghould  be  identical 

If  there  is  no  rwtort^  this  secouii  plan  may  be  used  with  a  common  evaporat- 
ing diBh^  the  alcohol  being  eiiftered  to  escape,  A  coiimi*jn  urinomettir  (tested 
for  oorpectnees  in  the  first  place  bj  immersion  in  iHstilled  water  at  62'  Fahr.) 
nmy  be  employed  for  determining  the  ei>ecitic  gravity.  The  plan  is  very  use- 
ful for  medical  offioere  ^  it  requires  nothing  hut  ]i  urinom43ter  and  eyaporating 

dldLf 

Alcohol  ( VoluTne)  according/  w  Sj^ecific  Gravity. 


K 


IMflMte. 

Spodac  Or»ylty, 

lOOiMrta. 

Spcdfle  G»Tlty. 

AleotKA. 

W*i«r. 

AIM', 

Atitr. 

AlcohoU 

W»tar. 

^Atse*. 

At  60-. 

M 

80 

0*014 

0-917 

84 

76 

0-966 

0-968 

a 

81 

om? 

0  920 

S8 

77 

9 -968 

0-970 

u 

8^ 

0-919 

0-922 

S2 

78 

0-970 

0*972 

47 

83 

0-921 

0'924 

21 

79 

0-971 

0-973 

^ 

84 

0^28 

0*926 

20 

80 

0-973 

0-974 

^ 

88 

0-028 

0*928 

10 

81 

0'&74 

0-975 

44 

86 

0^027 

0-980 

18 

82 

0'y76 

0-977 

^ 

87 

0'930 

omz 

17 

83 

0-D77 

0-978 

42 

8S 

0-932 

0"&35 

16 

84 

0-978 

0-979 

41 

5^ 

0-034 

0937 

16 

85 

0-980 

0-981 

40 

60 

0-036 

0-939 

14 

86 

0-981 

0-982 

» 

81 

0^0»8 

0-941 

U 

87 

0-988 

0-984 

»8 

88 

0  040 

0'943 

12 

88 

0-985 

0-986 

S7 

68 

0  042 

0-945 

11 

89 

0-986 

0*987 

M 

84 

0-944 

0-947 

10 

00 

0-937 

0-988      ' 

85 

88 

0'046 

0  949 

9 

91 

0-988 

0-980 

94 

66 

0-948 

0'96] 

8 

02 

0*980 

0-990 

3$ 

67 

0-950 

0^953 

7 

93 

0-990 

0*991      , 

it 

68 

0-982 

0-955 

6 

94 

0-992 

0-992 

SI 

69 

0^984 

0*957 

5 

95 

0-904 

0*994 

m 

70 

0^56 

0"958 

1 

96 

0-995 

0-995 

» 

71 

0-967 

0'9S0 

8 

97 

0-997 

0-997 

18 

72 

0'969 

Q-mn 

2 

98 

0-998 

0-998 

tr 

78 

O'Ofll 

0  963 

1 

09 

0-999 

0-999 

98 

74 

0-963 

0-905 

0 

100 

1000 

1-000 

25 

75 

0-965 

0-967 

Alcohol  is  sometimes  stated  by  weight  iu  vohime.  The  following  table 
dbowi  tolembly  accurately  the  relation  betwmm  the  two  and  the  relative 
IBKmnl  of  proof  spirit^  m  that  a  little  calculation  will  re<iuca  one  table  into 
another  if  d€«ire»d-  In  othej-  words,  if  the  percentage  of  alcohol  in  volume  be 
multiplied  by  -8,  the  weight  of  the  alcohol  l&  given  |>er  cent.  If  the 
penaeiitege  of  alcohol  in  weight  m  miUtiplie*!  by  1-25,  the  volume  i^  given. 
U  the  percentage  Tolume  of  alcohol  be  multiplied  hy  1'76|  the  amount  of 
pVQof^jint  b  given. 


II  Bttv  h*  fMizsliiig  at  lint  to  ms  how  th»  plan  gives  tha  ranilt ;  but  it  ii  timpto  oooujfh. 
ileohol  Ja  liglitar  than  wnier,  the  eTaporatioa  nit^m  the  BpeciHc  gravity  of  tbe  beer  in  pro- 
pofttoB  to  tha  wai  of  aloobul.  aad  the  gain  of  the  beer  in  specific  gravity  from  the  evatxtration 
IStacifiljr  f<i|iwl  to  the  dc'pn^aiiton  in  specific  gravity  which  that  amount  of  alcoliol  would  caiiae 


to  mif«  iirat«T  er^^ual  in  bulk  to  the  beer  operaied  upon. 
♦  9enm  dUHcaUy,  however,  occaaionaHy  arisen,  if  the  boat  in  evapomtion  i»  carried  too  far, 
"    "    " "'      " "  '       '         '       lI  thn 


Mrtlonlari: 
la  Mcliac 


ly  if  tha  ajttTact  on  the  sides  of  the  diah  Iw  charred  and  thns  rendere<l  inftoluble, 
a  oaia  the  only  way  14,  after  making  up  to  the  original  bulk  with  iliiitined  wat«r,  to 
It  wall  ttp  aAd  poor  it  into  a  upecific  giarity-  bottlt  and  waigh.    With  care,  howerar, 
m»  diiietifty  may  he  aroided. 


k 
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Per  cent 

Per  cent 

In  Volume. 

fa  Wct«hl. 

1 

•8 

2 

1-6 

5 

S-4 

4 

8-3 

5 

4-0 

6 

4-8 

7 

6-6 

8 

fl'4 

9 

7-3 

10 

8-0 

► 


Proof  SpMI, 

1-76 

3-54 

5  35 

7  0d 

8-80 

10-56 

12*32 

14-00 

15-76 

1760 

5.  The  solids  can  be  determined  by  evaponition,  and  the  ash  ohfaoAX 
iiiciufemtion  ;  but  meiiicul  officers  \vill  seldom  have  occasion  to  do  iy&  ^ 
epecific  gnivity  of  the  de-alcoholised  beer  gives  a  sufficient  approximatkNL 

6,  Evapomte  the  beer  to  a  syrupy  conBistence  ;   it  fihoold  be  n 
bitter. 

The  points,  thf»n,  to  be  detennined  in  judging  of  quality  are— L  Ti^ 
2.  Appeamnco  ;  S.  Specific  gravity  of  de~alcoholised  b<M*r,  from  M-hlch  ifp  1 
the  per  cent  of  extract ;  4.  Acidity ;  6*  Amount  of  alcohol ;  6,  Taste  ol  i 
extiaet 

2.  Adidterati&iis  of  Beer,* 

1.  Wdier. — Probably  the  most  frequent  atlii Iteration  ;  detected  hj  \ 
determining  amount  of  alcohol  and  apecitic  gravity  of  the  beer  frm  \ 
alcohol 

%  AlrAjhoL — Seldom  added ;  the  quantity  of  alcohol  is  lai^  in  proporiiift 
to  the  amount  of  extract,  as  detennined  by  the  specific  gravity  after  aepantM 
of  the  alcohol 

3.   Sofliutn  or   Cfdclum  Carhrmaie  in  order  to  lessen  Acidity, —  ' 
atiulteration  can  be  detected  without  a  chemical  examination,      Ev^ipor 
to  a  tliick  extract,  then  put  in  a  retort^  acidulate  with  sidphuric  a 
distil ;    if  calcium  or  sodium  acetate  be  present,  acetic  acid  in  Ibi^  qiwuu  j 
will  pas3  over.     The  extmct  always  contains  some  acetatei,  but  onlj  in  warn 
quantity. 

Z*ww. — Evaporate  to  dryness  another  portion  of  beer,  incinerate^^  diaeoltv  B 
weak  acetic  acid,  and  precipitate  by  ammonium  oxalate.  In  unadidknttd 
beer  the  precipitat-e  ia  moderat-e  only. 

ExccMs  ofsmlfif  titf  some  always  existein  h^er,  is  detected  with  tnuchgntt' 
difficulty,  and  it  Avill  Ix;  well  not  to  attc^mpt  this.  Mulder  statea  tKii  ^ 
piesence  of  too  great  a  quantity  of  lactates  may  be  detjcrmined  by  boiling  t^ 
beer  "with  zinc  carljonate,  when  lactate  of  due  deposited  t 

i.  Sudium  ChhHde, — This  is  hardly  an  adulteration,  unlees  a  Tefy  kl|P 
quantity  is  added.  J  Take  a  measured  quantity  of  the  beer ;  eyaponitie  l» 
dryness ;  incinerate ;  dit^solve  in  water,  and  determine  the  chlorine  by  lb 
standard  solution  of  nitrate  of  silver*     (See  Analysis  of  Water.) 

*  In  bis  epeech  in  the  Houae  of  Lord«  (April  17«  1S72^  Tinnet^  ivportK  Loc<d  EiaMQ 
dUted  tlut  a  C4}Tumon  ndutteration  is  as  foUows:— A  certain  amcmiit  of  beer  is  dimvi  fti* 
the  cssk  of  84  giallcms,  and  thru  f  tb  of  "  foots'*  {&  bUck  oosne  sugar l^  1}  ^lon  of  *'iuajB^ 
(Tiiadfi  from  skiDH  of  solen  and  other  finh),  and  12  gallons  of  water  ore  piit  m  per  cscIl  W 
beer  is  reatiy  foi  sale  in  two  hdurs,  and  mu«t  be  drunk  in  tvo  days  or  it  goes  had.  Silta^ 
copijeraa  are  adtleil  by  »ome,  but  the  use  of  cupjienis  is  said  not  to  be  geo^raL  Ale  tni  ^t^ 
are  not  mixed  witb  iprater,  but  "  flainga'*  are  used.  See  page  277  for  the  list  of  < 
articlea  ncbeduled  in  th«  Licensing  Act. 
.  t  D«  la  Blhw  (Frencb  tniitionK  1861,  p.  268. 

^  Tbe  inland  Revenue  oftici«  allows  bO  giiaiiifi  of  sodium  cbloride  per  gallaa. 
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VBb  Fmrou^  Sulphaie, — If  tlie  beer  be  light-coloured,  a  mixture  of  potassium 
ferricyamde  lind  ferrocyanide  (Faraday'a  test)  may  be  mlded  at  odco,  and  will 
give  a  precipitate  of  Prussiaa  blue ;  if  the  be«r  be  very  dark-coloiui^d,  it  must 
be  decoloriaed  by  adding  solution  of  lead  Bubacetate  and  Altering, 

Or  evaporate  a  portion  of  beer  to  dryness  and  incinemte  ;  if  any  iron  bo 
pmaent  the  asb  is  red;  dissolve  in  weak  uitrtc  aeuij  and  teat  with  jKitaHBium 
lecrocyauiile.  Two  grains  of  ferrous  sulj^hate  to  nine  gidlons  of  water  ^ve  a 
led  aah  {Haasah).  The  ash  of  genuine  porter  is  always  white,  or  greyiflh 
white  (Hassall). 

6.  Stiipkunc  iteid  is  added  to  clarify  b^er,  and  to  give  it  the  hard  flavour  of 
age*  If  the  beer  he  pale,  add  a  few  drops  of  hydrochloric  acid,  and  test  with 
barium  chloride.  A  irr//  deme  precipitjite  may  show  that  sulphuric  acid  has 
been  added,  hut  it  must  be  rememhercd  tliat  the  water  nsed  in  brewing  may 
cx>nt{uii  large  quantities  of  sulphates,  (The  Burton  spring  water  m  rieh  in 
calcium  sulphate.)  If  there  be  a  large  precipitate,  then  determine  the  acidity 
of  the  beer  liefore  and  after  evaporation ;  if  the  amount  of  fixed  acid  l>e 
found  to  be  mry  large,  there  will  lie  no  doubt  that  sulphui'ic  acid  has  been 
added ;  or  precipitate  with  ttaryta  and  weigh.     (Bee  Wat*!r.) 

Mulder  recommends  that  the  extract  of  the  beer  Imj  heated,  and  the  suljjbur- 
OU8  acid  gas  which  is  tlisengaged  led  into  chJorine  water ;  sulphuric  aciil  will 
be  found  in  the  chlorine  water,  and  may  be  tested  for  as  usuaL 

7.  Alum. — Evaporate  te  ihyneas  ;  incinerate,  and  proceed  exactly  as  in  the 
analysis  of  alum  in  breari  The  substance  added  to  give  **  head  *'  to  beer  is  a 
mixture  of  alum,  salt,  and  ferrous  sulphate, 

8.  Burnt  Sugar — Ei^eiUia  bina — Fooiif. — Evaporate  beer  to  extract ;  dissolve 
in  alcohol ;  evaporate  again  to  extract,  and  tast«.  Accoitling  to  Pappnheim, 
these  subetanees  prevent  the  regressive  mekimorpbosis  of  the  tissues,  and  thus 
ii^ttre  health.  Burnt  sugar  is  added  to  porter  to  give  colour,  and  the  addi- 
tion is  not  illegal. 

9.  Cajmcum — Peppers-^Qrains  of  ParttrfiVa— Evaporate  to  dryness 
carefully  ;  dissolve  in  alcohol ;  filter  ;  evaporate  very  carefully  to  dryness,  and 
taste  if  there  is  any  pungency*  In  fourt<?en  out  of  twenty  samples  of  illicit 
beer,  ilr  Phillips  found  that  grains  of  paraLlise  had  been  addeiL  It  is 
mid  that  the  oils  of  pimente,  zedoary,  and  ginger  are  somotimcs  added. 

10.  Aioes. — The  taste  alone  is  not  reliahle.  Br  Koehler*  proposes  to 
evaporate  the  tieer.  Dissolve  the  residue  in  nitric  acid,  when  a  yi^llowish-red 
Hqiud  18  obtained,  which  takes  a  deep  blood*red  colour  when  ti-eated  with  Hq. 
potAasa?  and  glucow,  or  with  li(i.  potasaaa  and  either  cyanide  of  potassium  or 
sulphide  of  ammonium,  if  aloe-resin  is  present.  The  nitric  acid  solution  is  not 
decolorised  by  stannous  chloride ;  if  hops  only  have  been  used,  it  is  decolor* 
ised. 

11.  Coloci/rUh. — The  residiio  of  evaporated  lieer,  heated  with  nitric  acid, 
jields  a  yeUow  solution ;  with  concentrated  sulphuric  acid,  an  inteiisti  red 
solution  ;  and  a  cherry-red  eolonr  is  given  with  Froehde's  test  (molybdate  of 
eodium  dissidved  in  suJphiiric  acid),f 

12.  Colchicine — A  case  is  recorded  in  the  3M.  Timetfand  Gazette  (May  16, 
1874,  p.  29)  by  Dr  Bottom  of  Faaborg,  in  Norway,  where  colchicin  was 
detected  in  some  English  beer,  and  caused  symptoms  of  poisoning  (vomiting, 
diairhoaa,  burning  pain  in  the  hetui,  stomach,  &c.) 

1 3.  Snntonin, — Evaporate  beer  te  extract ;  treat  vdih  alcohol,  filter,  evapomte, 
and  prepare  the  santonin  as  usual  by  boiling  with  lime,  and  precipiteting  by 
an  acid. 

*  6dmiidr«  Jfthrh.j  1871,  No.  10,  p.  22.  f  KoeUer,  <fp.  eiL 
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14.  Coccidtw  imlicfus, — It  u  not  known  whether  tnucb  of  this  k  nowi 
The  witnesses  e^ammed  some  yeara  ago  (1856)  by  tbe  Contmittoe  di 
House  of  Gonunons  (Scholefield's)  aU  doubted  it ;  a  laige  quantit^r  erf 
indfcus  is,  liowover,  aiiunally  iiiijxirtedj  and  no  other  itae  is  kiiowiL*    k 
instances  out  of  twenty  specimens  of  adulterated  beer,  analysed  in  186&b^] 
Phillips,  Cof'^'idiiH  imiictis  was  found  in  large  quantities. 

For  the  dLitection  of  PicroU:Jxine,   Herapath  refonimeii^is  tbat  the 
first  treated  with  lead  acotato ;  filtered  ;  excesa  of  lead  got  rid  of  by  sulphi 
,  bydro^'on  ;  fluid  evaporate<l  to  a  small  bulk,  and  mixed  with  animal 
^  The  chart3oal  ahsorhs  the  piGTotoxine  ;   it  lb  boiled  in  alcohol,  and  the  ikoU 
is  eva]>onited  on  slips  of  glass.     The  plcrotoxine  crystalliaea  m  plnmoii  late 
of  oiiHiular  or  oat-shaped  crystals. 

Bt  Langley  of  Michiganf  reconimends  acidulating  the  beer  witJb  hyvbocIWi 
acid  and  agitiitiiig  with  ether  ]   the  etheiial  golutioa  yields  on 
cryitalfl  of  jjicrxttoxtne, 

A  plan  de\^m?d  by  Depair©  is  considered  by  Koehler  aa  on©  of  tlw  efli^ 
and  at  the  same  time  the  ht}»t  Mix  one  litre  of  beer  with  finely  powdendink 
salt :  resinous  and  extractive  mattera  are  thrown  dowiu  Shake  tha  lifil 
with  ether  ;  an  iin[>nre  pictotoxine  is  obtaine<i,  which  can  be  pttrilied. 

None  of  these  procesfies  will  give  more  than  ^V**^  ^^  ^^^  picmtoxine. 

Wlien  tlie  crystals  of  picrotoxine  are  obtained,  te^  them  as  follows  :— 

(a)  Ruli  the  crystalg  with  3  or  4  parts  of  f»ure  nitrate  of  potassium ;  Ml 
or  2  drops  of  strong  sul])hunc  acid,  and  then  an  excess  of  etiong  BoJubooil 
soda  or  jiotn^h.  A  bright  reddish-yellow  colour  is  given,  if  picroloxiMli 
present  (Langley). 

(b)  Dissolve  the  crystals  in  strong  »iil]>huric  acid  ;  a  yellow  fluid  ia  obtttmi 
Stir  it  with  a  glass  rod  which  has  been  dipjied  in  a  concentrated  aalntJoB  d 
potassium  biehroniate ;  a  bluish  violet  colour  is  obtained  (like  a  stiTchitiii 
reaction),  Tvhich  changes  soon  into  brown,  bru\vn  green,  and  at  lost  appk  gn9i& 

(c)  If  a  good  deal  of  picrotoxine  is  obtained^  dissolve  it  in  water,  and  f^ 
a  small  fish  in  the  water  ;  the  poisonous  effects  occur  in  a  short  timet 

15.  Strt/ehmne  or  Ntix  Vomica. — This  is  a  very  uncommon  adoltenta^a,  i^ 
it  ever  occur.  Add  animal  charcoal  to  the  beer ;  digest  for  twenty^fomslioQiit 
pour  off  l>eer ;  boil  the  charcoal  in  fdcohul ;  filter ;  evaporate  one-half ;  add  * 
few  drops  of  liquor  potassie  and  then  ether ;  agitate ;  jiour  off  elhar,  mi 
evajMrate  to  dryncas ;  test  for  strychnine  by  the  coloin*  teat  (sulphmic  aoi 
and  bi(!hromate  of  potash,  or  peroxide  of  le4id,  or  nmnganeaey  of* 
per  ma  n  gan  a  te) .  J 

16-    Tohmm   is  occasionally  uswl  ;   in  twenty   s]>ecimena  of  illicit 
exannned  in  1863,  by  Mr  Phillips  of  the  Inland  lie  venue  depaitmenti 
was  found  in  one. 

17.  Picric  (Tntiitrophmie)  ^r?V^.— Lassaigne  recommends  the  addikloa  d 
subacetate  of  lead  and  animal  charcoal  j  if  the  beer  has  still  a  yellow  Cdlitft 
picric  acid  is  ]m^cnt,  B«t^  as  Mulder  and  Haasall  observe,  xnimy  hm^ 
destitute  of  picric  acid  remain  yellow.  Pohl  ailvifles  to  add  white  unoooillil 
wool  ;  if  picric  acid  be  present,  it  stains  it  Tins  is  an  uncertain  teat  tt 
Bnmner  extract*  the  picric  acid  from  the  w^ool  with  hot  aqueous  amnoidif 
concentrates  to  a  small  bulk,  and  tests  with  a  drop  of  solution  of  cjunidi  d 
potajssiimL  A  red  coloration  of  isopur^iimite  of  potassium  will  be  prodnopl  if 
there  be  1  part  of  picric  acid  in  600,000  of  water  (Hassall). 


^^^     t  Other 
^^^BufeoomiD  end 


*  It  is  said  to  be  obt.iLiiiable  frovn  wboleftale  dmggists  imdet'  the  DAme  of  m 
t  CTusmicjil  News,  H^pt.  6,  1862. 

X  other  vegeUbb  bittera  are  used,  but  their  dek'ctinn  is  difficalt  and  unoertaisi. 
immeada  the  spectrcMoope  for  detecting  ciluniba  toot. 
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^^hJ&  Ccy^^.— Evaporate  a  portion  of  the  lM*er  to  dryness  ;  incinerate  ; 
^^^^Hre  in  wr^ak  mtrlc  acid ;  teat  for  copper  by  the  insertion  of  a  clean  knife  ; 
^^^^Hldition  of  ammonia  and  of  potaaaium  ferrocvimide, 

^^^Hl>  LemL — Evaporate  a  considenil)!*?  quantity  of  the  beer  to  dryness  ; 
^tSJinorat'e  ;  dissolve  in  weak  nitric  acid,  and  test  for  lead  as  usual,     (See 
Analysis  of  Water.) 

PSub-Section  IL — Winks.* 
The  composition  of  wine  is  so  raxioue  that  it  is  difficult  to  give  a  sumiuaiy. 
The  following  aj©  the  chief  inj^Ttidieiita  :— 

I.  AlcvhoL — ^From   6  to  25  per  cynt,  volume  in  volume,  of  anhydrous 
alcohol     It  has  been,  however,  stated  that  the  fermentation  iif  the  grape, 

f-hen  properly  done,  cannot  yield  more  than  17   per  cent,  and  that  any 
Duunt  l»eytmd  this  is  added  f     Some  of  the  finest  wines  ilo  n(jt  contain 
ore  than  6  to  10  per  cent. 
Per  cent  of  Akohol 
(Volume  in  TnlwnieJ. 
VoTi  {anahfAfd  in  Enghm^,       .         .         .         *  ,     16-62  J  to  23*2 

Sherry  Qinahftted  in  Eftgland)^  ,         .  »         ,  ,16  ,»  25 

31adeira  (ftnaltjfied  in  England)^  .  ,  .  .16*7       »,   22 

^larsala  {(mabjs&i  in  Enfjlatid),  ,  .  ,  ,15  m  ^^ 

Bordeaux  wines,  red  (mean  of  90  determi nations  of  \ 

different  sort* :  Chateau  Lafite,  Margaux,  Larose,  >       6*85     „  13 
Barsae,  St  Emilion,  8t  Est^phe,  <fec. )»  .         .J 

Boptieaux  win**s,  white  (mean  of  27  determinations  \       ,,  ^j>^ 

of  sorts:  Sautemefl,  Barsac,  Bergerac,  ^c),  .J  tf         * 

Hhone  wines,  red  (Hermitage,   Monfcpellier,   Fron- )        q-  , «  *. 

tignan,  <fcc.),      <,.....]  n        * 

Hoiisillon, 11  ,^16 

Burgundy,  red  (Beaime,  Macon),    .         ,         »         .  7*3      „  14-5 

„         white  (Chahlisj  Macon,  Beaune),    ,         .  8*9      „   12 

Pyrennean, 9         „  16 

Champagnee,         . 58      „   13 

Mo«ellea, 8         „  13 

Bhine   wines  (Johannisherg,   Hochheimer,   Etidea-  1        „„  .^ 

heimer,  A:c.),      .         ,         .         .         *  .J  " 

Hungarian  wine^   ««....»  9*1      ,,  15 

Italian, U         „  19 

Sjru,  Corfu,  Samoe,  Smyrna,  Hebron,  Lebanon,     .         13         „  18 

So  various  i&  the  amount  of  alcohf>l  in  wines  from  the  same  district^  that  a 
Tery  general  notion  oidy  can  be  obtaiJied  by  tables,  and  a  sample  of  the  wine 
actually  used  must  generally  be  amdysed. 

•  For  a  full  account  of  wines^  B«e  the  work  by  Thudkham  ind  Dnprd  lOrigin,  Nuture,  and 

U»e  of  WiDL\  isri), 

f  Mulder  (On  Wioe*  p.  186>  qnofeea  Ouijal  to  the  efftct  timt  pore  pt»rt  never  coutiiiuM  mnre 

tli^  12'75  yer  cent,  of  pure  alcohol ;  btjt  Muldur  rioubts  tbj«,     Dr  Onrinmi  stjit^-d  before  Iho 

FATluoieDtary  Committee  that  pure  sherry  never  contains  more  tlmn  12  wr  cent,  of  alcohol,  mn\ 
M^^j&  or  H  giilions  of  bmndy  are  added  to  108  gallotui  of  sherry.  Thudichuni  and  Dnpr^ 
^^^pTiiWi  p.  882),  itiite tKat  a  natural  wine  may  contain  a  minimum  of  9^  whilo  the  maxinmm 

III  16  per  CBDt,  (of  i»eight  in  volume)*    Tbey  ako  state  that  a  piiH*  of  115  g^ftlloriB  of  jiort 

'^Wlnc  hw  never  leM  tnan  3  gallons  of  bnmdy  added  to  it,  and  the  rich  port  wiaes  have  13  to  16 

leallons  added.     It  would  «e«ii  tbAt  thft  natural  wineii  of  Au«traUa  contain  a  larger  quantity 

of  alcohol  in  some  instances  than  any  European  win&. 

X  8cKni«  i>ort  uwd  in  the  Quwn's  establithment  contained  only  10-62,  and  the  hij^heiit  per 

eentagQ  wm  JB'S  (HofmaDU).     The  sherry  oontaiiml  only  16  mr  cent.,  and  the  claret  6*85  to  7 

per  eent    The  highest  peroentage  found  by  Thudichum  and  Dupre  in  port  wine  Wia  ll^'2  per 

petiU  at  wogbt  in  volume— 23*4  per  cent,  volume  in  volume. 


i 
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To  tell  how  much  pure  alcohol  is  taken  in  any  definite  quantitT  d  m^ 
mna8ure  the  wine  in  oimcos,  miiliiply  it  by  the  percent^e  of  alcuJ^dH 
divide  by  100.  ^M 

Examp!e.-^Wine  drank  being  9  oz.,  and  the  percentage  13,  then  "rdfj^B 
=  1*17  oz,  of  absolute  alcohol.  ^M 

The  amount  of  alcohol  con  he  determined  by  distillation  or  ertkfKfO^it^^M 
given  in  the  section  on  Beer.     Instruments,  however,  aro  re<|uii*?<i  ^hidl^H 
dicate  a  less  specific  gravity  than  pure  water,     If  the  nieilical  oi^c»st  ImflH 
a  common  iirinometer»  the  only  pliin  will  l>e  to  dilute  with  an  equal  p4^| 
pure  water  at  60 '\  and  then  t^3  add  a  httle  salt^  so  as  to  bring  the  ff4H 
gravity  iibove  that  of  water  ;  i]nm  evajwrnte  as  usual.      Take  tlie  diflftrttl 
of  the  spnnific  gravities  (before  and  afttr  evaporation)  ;  deduct  b^m  tOQ^  I 
and  look  in  the  table  (p.  281)  for  the  amount  of  alcohol  in  the  ililufci?d  voi; 
by  multiplying  the  residt  by  2,  the  percentage  of  alcohol  in  tiae  undiluted  vol 
is  found,     Sometimes,  besides  ethyl  alcohol,  small  quantities  of  propyl  \m^ 
and  amyl  alcohols  are  found  In  wine.    A  little  acet^dehyde  is  pi^seul  isMi  | 
Clre^i'k  wines  (Thudichum  and  IJnpr^),  but  is  not  coasidejiml  to  indiate  n-  \ 
soundness**  i 

2.  i;YAf?r*.— CEnanthic,  citric^  malic,  tartaric,  racemic,  acetic,  bu^fO^ 
caprylic,  caproicj  pelargonic,  and  many  others.  Dr  Dupr^  states  that  tfaai^H 
25  or  ev€m  more  compound  ethei-s  in  wine,  and  same  of  them  are  ia^| 
small  quantities*  The  **  bouffUet  "  of  wine  is  partly  owing  to  the  il^| 
(especially  to  the  volatile) — f>artly,  it  is  said,  to  extractive  mattera.  (Eh^^H 
ether  is  that  which  gives  its  characteristic  odour  to  wine.  Dr  Daai^^l 
given  a  very  good  plan  of  estimating  the  amount  of  the  Tohitile  and  mf 
volatile  ethers,  but  it  is  too  delicate  for  medical  officers,  f 

3.  Alhnmifious  Matters — Ejctm^tiae  Colotinmj  Af titter. — The  quanlatTfl 
albumen  is  not  great ;  the  extractives  and  colouring  matter  vary  in  anMHiBl 
The  colouring  matter  is  derived  from  the  skins  ;  it  is  naturally  grecmsh  «f 
blue,  anil  is  made  violet  and  then  red  by  the  free  acids  of  wine.  The  bkak 
tint  of  some  Burgundy  wines  is  owing,  according  to  Mulder,  to  the  v«iy  ad 
amount  of  acetic  acid  which  these  vnntiB  contain.  It  is,  according  to  BatOliil^ 
composed  of  two  matters — rosite  and  purpurite.  With  age  change  oowir  ii 
the  extractive  matters  ;  some  of  it  falls  (apothenia),  especially  in  conibisotka 
with  tannic  acid^  and  the  wine  becomes  pale  and  less  astringent. 

4.  Sugar  exists  in  varying  amounts,  and  in  the  form  for  the  most  j«t  of 
fruit  sugaj".  Sherry  geueraliy  contains  sugsu-,  but  not  always  ;  it  average  ? 
grains  per  ouace,!  and  appears  to  be  highest  in  the  brown  sherries^  and  kaU 
in  Amontillado  and  MazaniUa.  In  Madeira  it  varies  from  6  to  6^  grain*  pe 
ounce  ;  in  Marsala  a  little  less ;  in  port,  from  16  to  34  grains  per  ounce,  bttBf 
apparently  greatest  in  the  finest  wane.  In  champagne  it  amounts  to  bom  6 
to  28  grains,  the  average  being  about  24  grains.  In  the  clareta,  Buigmufji 
lihine,  and  Moselle  wines,  it  is  absent,  or  in  small  amount. 

In  determining  the  sugar,  if  the  copper  solution  (p,  264)  he  nred,  tb 
coloiu'ing  matter  is  act^d  on  by  the  alkali  of  the  copper  solution,  and  int«rMpi 
with  the  appreciation  of  the  change  of  tint,  and  must  be  got  rid  of  by  j 
of  lead,  animal  charcoal,  boiling,  and  filtering.  If  any  suWance  exislai 
m  still  ttuned  green  by  the  alkali  of  the  copper  solution,  the  wine  ; 
neutralieed,  evaporated  to  dryness,  and  the  sugar  dissolved.     As  a  ] 


*  If  it  k  present  in  white  winea  fsncb  aa  Santemes)  It  \»  a  certaiTi  tiga  of  i 
+  Cbem,  Journal,  Nov.  1867,  ami  **  Origin,  Nature,  and  U»e  of  Wine.*' 
X  Betice  Joncu  in  '' Mulder  on  Wine/'  p.  386. 
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per  solution  employe*!  directly  with  wine  gives  i  per  ceDt,  too  much  sugar 
ling),  and  a  correction  to  this  amount  should  he  made.* 
Fat- — A  email  amount  exists  in  some  wine* 

Free  Acid^f, — Wine  is  acid  from  free  acids  and  from  acid  salts,  as  the 
tmte  of  potash.  The  principal  aoida  are  racemic,  tartaric,  acetic^  malic, 
ic  (in  small  quantities),  glucic,  auccinic,  lactic  {?),  Ciirlxuiic,  and  fatty 
such  as  formic,  hutyrie,  or  propionic.  Some  acids  are  \^oktile  besitlea 
I  acetic,  hut  it  tloes  not  seem  t^uite  certain  what  they  are,  Tho  tannic  acid 
biived  from  the  ^kins  ;  it  is  in  greatest  aniomit  in  new  |x>rt  wines  ;  it  is 
ing  in  Madeira  and  the  Rhine  wines  ;  it  is  present  in  all  white  and  most 
Uruit  wines,  except  champagne.  The  tannic  acid  on  keeping  precipitates 
some  extractive  and  colouiing  matter  (a[>othema  of  tiinnic  acid). 
Sittf^. — The  salts  consist  of  bi  tart  rate  of  potassium,  tartrat^^s  of  calcium 
sodium,  sulphate  of  potassium,  a  little  phosphate  of  lime  and  magnesia, 
chloride  of  sodium,  and  iron.  The  magntssia  is  in  larger  amoimt  than  the 
lime»  lUid  existii  sometimes  as  malate  and  acetate.  A  little  mangauese  and 
copper  have  been  sometimes  found.  In  Rhine  wine  a  little  anmionia  hi  found 
(Mulder).  The  total  amount  of  salt^  is  -1  to  *3  per  cent, — i.e.,  about  9  to  26 
grains  per  pint,  or  J  to  1  J  groin  per  ounce.  Tlie  salts  can  only  be  detected 
by  evaporation  and  ignition. 

8.  The  total  solids  in  wine  vary  from  3  to  14  per  cent.,  or  in  some  of  tha 
rich  liqueurdike  ^^inea  to  more.  The  specific  gravity  depends  upon  the 
amount  of  alcohol  and  of  solids,  and  varies  from  '973  to  TOO 2  or  more.  An 
approximate  notion  can  be  formed  of  the  total  solids  hy  taking  the  specific 
grarity,  after  driving  otf  the  alcohol  by  evaporation,  and  then  replacing  tho 
irater  (see  Beer,  p,  278), 

^^Ba,  quiliiy  of  wine  can  be   best    determined   hy   noting   the   colour, 
{^■HplKEidliey,  and  taste,  and  then  determining  the  following  puints  r — 

(1,)  T!xe  amount  of  s<:>lids  as  given  hy  the  specific  gravity  afU?r  the  elimina- 
tion of  the  alcoboL  In  the  best  clarets,  before  the  loss  of  alcohol,  the  spieciiic 
gmvity  is  very  nearly  that  of  water.  In  some  clart^t  used  in  the  tjueen's 
establiahment,  and  analysed  hy  Dr  Hofmann,  the  specific  gravity  waa  ■9996?, 
In  oth^r  clareta  it  ia  as  low  as  '995.  The  low  specific  gravity  showa  that 
ohol  has  been  added,  or  that  the  solids  are  in  small  amount. 

The  amount  of  alcidnjl ;  a  very  small  amount  may  show  tho  addition 
Iwater  ;  a  largr*  amount  the  adiiitioo  of  spirits. 

|$.)  The  amount  of  free  acidity.     This  ia  an  important  point,  as  it*  seems 
^clear  that  some  persons  (especially  the  sick)  do  not  readily  digest  a  largo 
amount  of  acid  and  acid  salts. 

The  amount  is  det*^nninetl  by  the  alkalino  sohition,  as  descriK^d  in  the  sec- 
tion on  Beer,  or  if  this  is  nut  procurable,  the  ^bied  carbonate  of  sodium  can 
be  used.  The  free  acidity  is  genemlly  reckoned  as  crystallised  tartaric  acid 
(C^H^C)^).  There  ia  both  fixed  and  voLatUe  acidity  ;  the  relative  amount  of 
the  two  is  difficult  to  determine  satisfactorily,  as  some  acid  may  l>e  fruined  on 
distillation.  The  distillation  should  be  conducted  at  a  low  temperatiiTe,  so  as 
not  to  decompose  the  fixed  compound  ethers.  The  volatile  acidity  is  reckoned 
80  glacial  acetic,  the  fixed  as  tartaric  acid. 

The  amoimt  of  free  acidity  varies  greatly  even  in  the  same  kind  of  wines  j  the 
least  acid  wijiea  are  sherry,  port,  champagne,  the  best  claret  and  Madeira ;  the 
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^  ThB  Addttioo  of  eztniiieoiu  nugv  to  wint  m&j  be  detected  hj  the  me  of  the  aacchft.romet6r 
a^^Dg  with  Fekliitg's  toluticm. 
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more  acid  wities  are  Burgundy,  Khine  wine,  Moeelle  (Benoe  Joum).  ^H 
amoiii^t  of  free  acid  in  good  clarets  is  equal  to  2  or  4  grains  of  tamik  i^H 
per  ounc6  ;  in  common  ckrets  and  in  BBai^'olais,  it  may  be  4  to  6  gaiit^^H 
in  some  extrem<'ly  acid  wiu*^  it  may  be  even  more  tban  ibis.  In  1^^^| 
cbampagnea  it  is  2  to  3  grains  usually ;  but  it  has  been  known  to  mch  l^^l 
oellent  champagne  ri2  per  cent,  or  4'6  grains  per  oimce.*  ^^^H 
it  averages  2  to  2|  gminB,  but  may  reach  4  grains  ;  in  eberry  1^  to  2^  0^1 
in  the  KLine  winos^  3 1  to  4  or  6  grains.  Thudicbum  and  I>upr6  6t«l(  4^^| 
good  8ouuil  wine  the  amount  of  free  acidity  ranges  from  *3  to  "T  par  M^^| 
from  1  '3  to  3  gnitns  per  ounce.  ^^M 

llio  taste  of  wine  does  not  dejjend  entirely  on,  but  yet  is  Tery  gifsil^^l 
fluenced  l>y  the  degree  of  aciility,  Mr  Griflin  f  states  that  good-tMw|| 
contains  from  187  to  2*8  grains  of  crystallised  tartaric  acid  per  oitiic«;Ml 
if  it  cotiiauisi  hm  than  187  grains  it  tastes  flat  ;  that  if  more  than  ^fBil 
per  ounce,  the  wine  Is  t<'>o  imd  to  l>e  agreeable  ;  if  more  than  4*37  gnuiwi 
ounce  (1  per  cent),  it  is  too  acid  to  be  drunk.  Those  numbers  afenriii| 
lower  tliau  I  shouhl  have  Bup]X)«©d.t  I 

(4.)  The  amount  of  sugar.  The  best  modes  of  determining  this  hftvvki  I 
already  noticed.  I 

(o.)  It  may  he  sometimes  useful  to  determine  the  amount  and  kind  of  Mks  I 
by  fractional  distOlation.  '  J 

Excessive  acidity  of  wine  can  be  corrected  by  adding  neutral  till|flH 
potash.  Milk  is  also  often  used.  The  addition  of  the  carbonated  llkd^^l 
of  chalk,  alters  the  hou(|uet  of  the  wine.  '\\Tien  wine  becomes  stia^^l 
which  case  acetic  and  lactic  acida  arc  formed,  it  may  l>e  improved  by  ail^^l 
little  tea ;  about  1  ounce  of  tea  boiled  in  2  quarts  f»f  water  should  be  tti^^l 
about  40  j^^allons  of  wine*  Bitter  wine  is  treiited  "with  hard  wat-er  or  suipm 
bad  smelling  "^ane  with  charcoal  ;  too  astringent  wine  witJi  gelatine  ;  ral 
which  tastes  of  the  cask  with  oHvc  oiLg  I 

Adfdteratiom  of  IVine,  I 

L  Water.— Xnovm  by  taste  ;  amoimt  of  alcohol  ;  specific  gtavitr  «fhr| 
elimination  of  alcohol.  1 

2.  DiftflUed  Spmta, — Known  by  determining  the  amount  of  aloobol  j  lly 
noiTQal  percentage  of  the  particular  kinti  of  wine  being  knowiu  By  ^H^H 
<lip4tillation3  the  pecuHar'Smelling  fum.4  oilt§  may  be  obtained  ;  or  jm 
rul  thing  some  of  the  wine  on  the  hand,  and  letting  it  evaporate,  may  entfl 
the  smell  of  these  ethers  to  l>e  perceived,  ^J 

3.  Ariijici'nl  Colonrifffj  Mattf^r.'i. — The  following  are  the  chief  col|^H 
matters,  as  stated  by  Tliudichum  and  Dupr^.  Logwood  is  the  gr^tat  comH 
mat^^^rial,  and  also  blackberries,  elderberries,  and  bilberries.  Then?  up  •] 
good  metbrwls  of  recognising  these  sulmtanccs  ;  salts  of  lead,  ammoo^gfl 
ammonium  sulphide,  alum,  and  potassium  or  ammonium  carbonate,  atd^H 
of  tin  have  Ijecn  used  as  re-agents.  The  most  usefid  test  appears  to  faa^H 
add  to  the  wine  about  Jth  volume  of  strong  solution  of  aluxn  ;  stir  vdl^H 
then  add  about  an  equad  quantity  of  strong  solution  of  ammonitun  catfa^^l 


•  This  was  the  case  in  some  chittfitmgne  eiarained  hy  Dr  Hofmmii. 

t  Report  on  Clieap  Wine,  by  K.  Drwitt,  M.D,,  p.  178. 

X  From  13  uniilyHt's  of  snund  onlinary  port,  1  found  the  meiin  acidity  to  be  1*97  pvm^ 
in  sornt  Hani  pit*-,  of  shi'rry,  1-90  :  niaraak,  i'5  ;  liglit  cbret,  3*1  :  in  a  rather  iour  oMtl.  I 
in  aaainj>le  'jf  MoTitill.i,  a  fln«  wine,  hut  too  acid,  3  15.    (F.  de  C.) 

§  Win€  is  iiubjetit  to  several  diseases,  wbich,  iicpording  to  Pasteur,  ftepend  oo  djfltevfi ' 
of  ferment*  {nee  Revii^w  on  Hyuieno  in  Ariiiy  Medical  DepartnTent  R^port^  roL  til.  p. 
By  heating  the  win^  io  abniit  125''  to  ]3r  Fahr.  theiie  '*  myoodenu*"  an  kUledy  aiidtt 
uitdergoes  no  further  change. 
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tba  ntiaml  colouring  matter  of  the  wine  when  thrown  do\^m  in  thia  way  hafl 
t  gie«liudil  or  dirty  bluisb-greeii  colour,  but  thei-w  La  no  tioge  of  red  ;  logwood 
ilia  iBV«iml  other  abnormal  colours  have  a  distinct  red  or  purplinb  tint.'*^ 

4.  Zi'r/n?  Siilt^, — The  ao-called  "  piAtrage  '*  of  winea  consists  in  the  addition 
of  I }  Ih  to  7  lb  of  a  mixture  of  sulphate  of  lime  (80  paris),  carlxjnato  of  lime 
(12),  (quicklime  and  sulphide  and  dhloride  of  calcium  (8  parts)  to  1  hectolitre 
of  w'vsm,  8ulphate  of  lime  diasolyefl  in  large  proportion,  and  tbeu  iuter- 
eliais^  with  the  chloride  of  potaasium,  and  cbloritle  of  calcium  and  sdpbate 
ol  poiaaaiuin  are  formed-  The  chalk  forms  acetate  and  tartrate  of  hm«.  ITie 
propoitioii  of  lime  salte  is  then  vpry  large.  The  only  precise  way  of  detecting 
this  idllllrmtion  ia  bj  evajtoratiDg  ^  dryDees,  incinerating,  and  determining 
Ihi  i8il0IIIit  of  lime.  But  the  following  method  is  Bbortar,  and  will  gnoerally 
uumet.  The  natural  lime  salU  of  wine  are  tartrate  and  aulpbato ;  when  lime 
ifl  added  an  acetate  of  lime  is  fornipd.  Evaporate  the  wine  to  y^yth  ;  add 
iwiott  thn  bulk  of  strong  alcohol  ;  the  acotate  of  lime  is  di3«c>l\  tnl,  but  not 
ibe  sulphate  or  tartrate ;  filter  and  test  with  oxalate  of  ammonium  ;  if  a  large 
prectpttat^  occwt^  lime  has  probably  been  added. 

5.  Titnnin  may  be  detected  either  by  chloride  of  iron  or  by  adding  gelatine. 
Bat  ai  tannin  exists  nattuvUy  in  most  of  the  red  winea  (Purt^  J^eauney 
Bmiaaillim^  Hermitage,  &c.),  the  i|uestion  liecome^  often  one  of  quantity. 
Tb0  amofuit  of  tannin  can  be  estimated  by  drying  the  tannogt^atine  (100 
gvaina  ocmtain  40  of  tannin). 

6.  j4/itm.— This  is  detected  precisely  in  ths  same  manner  as  in  bivad. 
Erapomte  a  pint  of  the  wine  to  dryneae ;  incinerate,  and  then  proceed  aa 
diivcted  in  Bread. 

7*  LmtL — ^Eyaporate  to  dryness^  and  incinerate  ;  dissolve  in  dilute  nitric 
aeidf  and  teal  aa  directed  under  the  head  of  Watsb. 

8.  C^pper^ — Deeolonae  with  animal  charcoal,  and  teat  at  once  with 
leTTocyttnide  of  polaasium* 

9.  Cidet  and  Perry. — Evaporate  wine,  and  the  peculiar  smell  of  the  liquids 
wiD  be  peroeired. 

Port  wine,  as  aold  in  the  market,  is  stated  to  be  a  mixture  of  true  Port, 
Manak,  Bordcaus,  and  Cape  wines  with  brandy.  Inff^rior  kinds  are  still 
BMnn  M^ikj  adnllemted  with  logwood,  elderberries,  cak^chu,  prune  juice,  and 
a  liUfe  Mttdalwood  and  alum.     Heceipts  are  given  in  books  for  all  soita  ol 


SuB-SacmoK  m, — Spdiitsl 

Hie  QnaBa's  BeguktioDS  for  the  Army  (1868,  sec.  1010),  forbiil  the  sale  of 

r*  Ita  Uk  ea&teana  at  homo,  but  permit  it  in  fopngn  stations  at  the  option  of 
ocMBOiaiidiiig  officer. 
Beaddy  containfl,  besides  idcohol,  cenanthic  ether,  acetic,  butyric,  and 
vakcuuuc  ethers.  Tannin  and  colouring  matter  fij^m  the  cask,  or  from 
iMmmrl,  Art*  praaent  If  sugar  is  pre^nt  in  any  quantity,  it  must  have  been 
added.  The  inferior  kinds  of  brandy,  prcpitred  from  potat^ies  as  well  m  grain, 
ootilm  potato  fusel -oil.  Eum  contains  a  good  deal  of  butyric  ether,  to  which 
iba  aroma  is  chiefly  owing.  Gin,  besides  containing  the  oil  of  juniper,  is 
flaviNind  with  manous  aromatic  subetauce^,  as  Calamus  aranuUicug,  coriander, 
,  dnnamon,  almond  cake,  and  orange-peel ;  Cayenne  is  often  addcKL 


^  IffaMtr  ipMki  vcsy  dcmblfiillf  of  all  «ii^  tmU  ;  ihej  9e&m,  hawmv^Tf  bettor  than  notbin^ 
fVibibtj  Um  ■pactnun  a&alyva  will  hereafter  afford  the  bett  meaoi  of  identification.  Ou 
%hm  oakmiam  NUU«r  of  wiae,  see  Dadaux,  Cotnptea  Retidtu  de  TAcad^mie  dei  ScianctSp  T. 
UmmUL^  SviTl^  April  1S74,  p.  Ilfi0 ;  alao»  Report  on  Hygieoe,  Airny  ICed.  B«|)ort»,  vd.  jcv.  p, 
ISO. 
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MTiiaky  often  derives  a  peculiar  flavour  from  the  malt  being  diitsd  on^r  pnt 
fires,  or  by  the  direct  impregnation  of  peat  smoke*^  ^ 

Cornpomtion  of  Spirits, 
The  following  table  gives  the  chief  points  of  importance  : — t 


Ntme. 

Sp.  gr.  tx 

Aleolua 
percent. 

Sotltffl 
per 
ecnk 

pO-CBttt 

Ari<Jlty 
p*r  ounce 

Mid. 

1 

Sngif 
peroBL 

Brandy,    .     . 
Gin,     ,     .     . 
Whisky,  .     . 
Bum,  -     .     . 

•929- ■934 
'930-^944 
'91 5- '920 
•974--926 

60-60      ' 
49-60 
60-60 
00-77 

1-2 
'2 

•6 

1 

•05  to  -2 

trmce 
•1 

0-2 
0-5 

Ocfrtncoii 
1 

0 

"   1 

Alcohol  as  an  Article  of  Diet  in  Health.  { 

Tn  endeavourmg  to  detennine  the  dietetic  Talue  of  alcoholic  bev.  i;i^'.  - 
de^irulile  t«  see,  in  the  first  place,  what  are  the  eifects  of  their  mo^t  int[)' 
constituent,  viz.,  alcohol. 

Three  sets  of  arguments  have  been  used  in  discuaeing  this  quostion,  da^ 
namely,  from — 

L  The  physiological  action  of  alcohol 

2.  Expcrienct!  of  its  use  or  abuse. 

3,  Moral  considerations. 

To  the  last  point  I  shall  not  further  allude^  for  though  I  do  not  under 
the  great  weight  of  the  argument  drdwii  from  the  misery  which  the  usmj  \ 
alfohiil  produces, — a  mieery  so  grt*at  that  it  nirtv  tnily  be  saifl,  that  if  alcoli 
were  unknown,  half  the  sin  and  a  large  part  of  the  [Kwerty  and  nnhappineas 
in  the  world  would  disappear, — yet  this  ]»art  of  the  subject  m  so  obvious  thit 
I  do  not  wish  to  occupy  apace  with  it.  Ti>  my  uiiiid,  however,  the  ai^ment^ 
which  are  strongest  for  total  abstinence  an?  dra^vn  from  this  class.  Xor  iIl^ 
any  one  entertain  a  moment's  doubt  that  the  effect  of  inteuifiorance  in  any 
alcoliolic  beverage  is  to  cause  premature  old  age,  to  j^KKluce  f>r  predis|x58e  to 
numerous  diseases,  and  to  lessen  the  chance  of  hving  very  greatly.     The  tabk* 


•  It  rcny  be  worth  while  to  give  the  tiikme«  of  Bome  of  the  distillwl  spiriii  tis«>d  in  i__ 
pirU  of  the  world,  as  the  army  surgeon  may  meet  with  them  in  the  counw  of  tervict  :  — 
XntlniTR  by  wLom  employed. 
Hmdiis,  Malnyfl^,  kc,    . 
Greeks,  Turka,  fcc, 
Umdaa, 

„         (MnhnittM]^ 
„        (Sikkim), «        « 
Chinefle, 
Jftpuieeie^ 
PAciflc  TslanderSf 
MexicfltiB, 
&f»uth  AmericftuB, 
Tartare, 

RiiMtiiiuii  and  Polea, 
AbyiMitiJaiia, 

+  Thift  tiihle  is   chiefly  tjiken  frnm  Bcnce  J<mes*   ObMrvatiom ;   Appendix  to  Mi 


Willi',  p.  389;  nnd  from  HaKsall 


Tlip  subject  nf  spirits  in  nick  new* 


Name. 

Obralucd  from. 

Arrack. 

Rice  or  Aroca-btil. 

Rnki. 

Rice. 

Toddy. 

Cocoa-nut. 

Bojiih. 

Elf  naine  Cotoctau. 

Murwa. 

Samaboo. 

Rico!               *•     J 

SAcie. 

1 

Kawii. 

MocTopiper.         ■ 

Pnlqua 

AgavcL                 ■ 

Cliira, 

Mai2«.                  1 

Koumisa. 

Mait»*  laillt. 

Vwiki. 

Potato. 

Tallah. 

Millet 

»  Food  nnd  Adidtenxtion,  p.  645. 


us  anotluT  jxiint  i»Uoi:<?ther.  I  l^liera  thry  an  oAoi  «f 
groat  u«e,  alihough,  like  every  other  strong  luedicine,  they  require  to  l*c  gtvpn  eai«ful]y.  TW 
ia.^hioaahle  plan  of  giving  great  quantitiBB  of  atroog  apiril^  if  happily  dying  aut»  attd  im  h&^ 
replaced  by  a  mora  eareM  practioe. 
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beJow,*  taken  fiom  Neison'e  **  Vital  Statistics,"  puts  this  in  a  strong 

i  physiological  aii^mnent  for  the  vise  or  disust^  t*f  alcohol  ref[uires  to  be 
with  ctuition,  as  our  knDwle<lge  of  the  action  of  pure  alcohol  (much  more 
*  the  alcoholic  bovemgps)  is  imperfect. 
IrNTien  t^ken  into  the  Btomachi  alcohol  is  absorh^d  without  alteration,  or  is 


Efbcta  of  int^mpersDOdf  Newoo's  Statistics,"  p.  217,  d  jwsy.  .*— 

Ratio  per  eenL  from  the  under'mentum«i  Games,  to  Deaths  from  aU  C&itses, 


m                          C»QH  of  I>«llth. 

1U7, 

GnthA  Life 
Office. 

Scottiaii 
Widows*  FimiL 

Initempcrjite 

Bc^diia«M 

I>]|ie«ti?e  organs  (e^pedallj  thoae  ) 
oftlwUirer),       .        ,                .f 

9^no 

6*240 
S3150 

15'176 

8-377 

27 '843 

20720 
11-994 
23676 

27  10 

23-3 

22-98 

1    Totsl  of  above  threo  oksdes,     , 

4§'100       I      51-30d 

66'390      ' 

73-38 

I  tbu  appeus  that  tha  intemperate  have  a  much  greater  mortality  from  head  aad  digestive 
isea  than  other  claBs&s. 

k  inUni|»erate  penons  the  mortality  at  21-30  years  of  age  is  five  tlmei  that  of  the  tempe- 
from  3<M0  It  «  four  time«  as  great.     It  hecomes  gradually  leaa* 


A  TesopenUe  penKm't  chtnce 
of  liviner  Id, 
At  20 -44  2  years. 
„  ao  =  S6-6      „ 
„  40  -  28  8     „ 
„  50 -21  25    „ 
„  eO- 14-285  „ 


An  IntciDjienite  persoii'B  ebuice 
of  Itviog  ^», 

At  20  -  15-6  years, 
„  30  -  13-8     „ 
„  40-11-6     „ 
,,  50  -  10-8     „ 
„  60  -    8-9     „ 


[  tbeM  deductiona  appear  to  be  drawn  from  ohvservntions  on  357  pemonn  with  6111 '5  y«ara 
.    The  facto  oonoected  irith  the^e  person«  are  well  nutheraticated,  hut  the  numWr  is  smoIJ. 
r  averif^  diiration  of  life  after  the  eoiumenccrueiit  of  the  habita  of  lateniperaofiie  is^ 
AmoDg  mecfaamc^,  workiag  and  labouring  rtieo,  ,         .         .         18  yeara. 

„       traders^  dealora,  iuid  laeiehantSt        .        ,        ,        .        .        17      i, 

ff       proliMiiioBal  men  and  genttemen, 15     «« 

„       femalesi     ,,,.,..,.*        14     „ 
hoae  who  are  inttmipenite  on  fipirits  have  a  greater  mortality  than  {hm^.  intern |»erat«  on  l»eer. 
'lose  who  ai¥  intemi*rftte  on  spiritn  and  beer  have  a  nHghtly  greater  mortality  than  tho«e 
uperate  on  only  apirits  or  beer,  hut  the  difference  is  immaterial. 

Mfiitnliiy  per  miniiifi. 
Spirit  dnnkera,         ,        .        .        .        5-9&6  per  c-^^nt.  (iieurly  60  jwr  1000). 
Be«r  drinkers,  .        .        ,        .        4  597  |*r  cent,  {nearly  40  i>er  lOfiO). 

Spirit  and  beer  dnukera,  .  .  «  6'194  |>er  cent,  (nearly  62  per  1000). 
nr  atriking  eWdence  in  favour  of  total  abstinence,  aa  cootm«ted  with  mfinle fiction,  i& 
iy  the  itatistics  of  the  lTnit«d  King'loio  Tcnii»frain  e  and  Geiieml  Provideut  Institn- 
Ooe  act^tion  consists  of  abstainers,  another  of  |>ef?<ons  selected  ra  not  known  to  be  intcin- 
j:«!Tate.  The  claims  for  fiv«  years  (1860-713),  anticijmted  in  the  Temperance  section  were 
£l(Mi A^^  ;  but  there  were  actually  only  claim*  for  £72,(^70.  In  the  giMjeral  section,  the  antin- 
pAted  ciai ma  were  £196.352  ;  and  the  kctual  claimfl  were  no  less  than  £230,297*  The  much 
atcr  longevity  of  the  alistaiiier  is  Ijelter  seen  by  the  amount  of  bonuses  paid  to  each 
\  wliole>life  policy  in  the  tv^'o  actions  for  the  same  O^e  yearn. 


fiotraaeo. 

Prcraltiini  Paid. 

Bonds  mt\iitu\  La 

Ti-mpijninc© 

Seetion. 

Ganvrel  SeotioD. 

£    *.    d. 

£     *.    rf. 

£     8.     d. 

15 

83    2    6 

01     1     0 

a^i  10    0 

20 

93    6    8 

64    0    0 

S7    0    0 

25 

106    9    2 

68  10    0 

40    0    0 

30 

122    1    8 

74    0    0 

43    0    0 

35 

13S  19    2 

78  m    0 

4(J    0    0 

40 

162    0  10 

86    0    0 

50    4    0 

45 

188  10  10 

92  18    0 

54    0    0 

50 

226    5    0 

104    2    0 

60  13    0 

55 

284    3    4 

in  14  0 

71  11    0 

[•vwy  age,  therefore,  the  mbataiuer  baa  a  very  great  advantage.    Mr.  Vivian,  the  President 
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perhaps  in  some  small  degree  converted  into  acetic  acid,   poasiWy  br 
action  of  the  inucue  or  seeretiim  of  the  stomach.     The  mte  of  abeor    " 
not  known,  and  it  has  h«en  supi>osed  that  when  given  in  very  laige  qaantj 
it  may  not  he  ahj^nrbeil  at  all.     As  far  as  I  am  aware,  it  has  not,  howeiiT, 
been  recovered  from  the  faniea  in  any  great  amount     After  abaorption 
passes  into  the  blood  and  tlien  thronghout  the  body  ;  if  the  obaervationsl 
SchnHnuf**  are  correct,  it  is  f;(pmlly  diatrihuted,  and  dm^a  not  aceiunalatc^l 
Wfts  formerly  anjipo^Rd^  in   the  liver  and  nervous  tisaue.     It  c&n  easily  I 
dc4.t!L"ted  in  all  the  orj^^anf*  soon  aft^^r  it  is  taken.     It  commences  to  pass 
from  the  body  speedily,  as  it  may  be  dtitected  in  the  breath  soon  aft«r  itj 
taken  ;  it  emerges  by  the  hmgs,  by  the  skin.  In  smaller  ipiautities  by 
nrine,  and  slightly  by  thc^  iKiwela,  or  this  may  bo  meroly  from  unabsorb 
portions  ptwsing   out.     Thy  amomit  recoverable  from  all  these  channelflj 
usually  small, t  but  oncasiomdly,  when  very  large  quantities  have  been 
the  kidntjjs  excrete  it  largely,  so  that  the  specific  gravity  of  the  urine  hM 
been  below  that  of  water,  and  distillation  has  given  an  inflammable  tiunij 
Much  debate  has  taken  place  aa  to  whethi-r  all  or  how  much  of  the  alcoh'J 
is  thus  elirainateil,  and  whether  any  is  destroyed  in  the  body.     The  ei 
ments  of  Dr  Percy»  and  subsequently  of  Strauch,  and  especially  of  Masing| 
Buchheim's  Ifiljoratory  at  Dorpat,  followed  as  they  wore  by  the  conf 
observations  of  I^IM.  Pt^rriti,  Lallenumd,  and  Dupoy,  seemed  at  one  time  I 
have  8<3ttk'd  the  f[uestion,  and  to  have  prt»ved  that  alcohol  m  very  little  or  ] 
at  al!  destroyed  in  tho  body.     Sinte  then  the  criticisms  and  experiments  cf 
Eaudot,  and  especially  the  observations  of  Schulinna,§  Anstie,||  I>upp6,  and 
Subbotin    have   again   altt-riHl  the  position,  and  although  the  experimenkl 
evidence  is  incomplete  (chiefly  on  accomit  of  the  difticidty  of  collectilig  tiie 
amount  given  off  by  the  lungs  and  skin),  the  opinion  that  some,  and  ; 
much,  alcohol  disappears  ^n  the  body  is  goneraDy  admitteiH 


of  the  Tenqwrance  nnfl  Oeaeral  Provident  Inntitution,  broiight  before  tb«  Britlah  AssociatidB 
at  Briiitol  in  187d  the  foUowin^  stRtistics:— 


Tea™, 

AbptluBaoft  Seetion. 

Cleii«n]  SeetUML       | 

espeeted. 

ActiuL 

Espectefl. 

Aeinat. 

ISft^WO  (6  yeani), 
1871-74  a  yearaj. 
Totalf    (9  y«att), 

649 

561 

1110 

411 
390 
801      1 

10O8 

mi 

20O2 

944 

im 

Qa  the  f^ohX  coast  daring  the  Ashantce  War  the  evidence  (slight  bs  it  wnjtl  wa 
ia  favour  of  the  teetotallers,  (Parkea,  On  the  Is§ue  af  »  Spirit  Ration,  p.  28,  1875). 

•   Archiv.  dur  HeUk,.  1866,  p.  97. 

t  Experiments  on  thin  point  by  Schultnas^  Aastie,  Dupr6.  TJnid»chum»  ATid  Otliei% 

that  orainarily  the  urinary  ©lifflination  h  alight.     When  it  hccomes  at  all  marked*  or  eren 

it  occurs  at  all,  the  detection  of  alcohol  by  potaasium  bichroinate  and  aulphuiic  acid  h^a  bet« 
proposed  by  Anwtie  m  aa  indication  of  the  point  whan  as  much  alcohol  has  been 
M  oitposed  of  by  the  buMiy. 

t  A  good  cAse  is  Riven  by  Dr  Woodman  {Medical  Mirror,  Jalj  1865). 

§  Archiv.  derHeilk.,  1866. 

fl  Lancet,  1863. 

*[I  Thet  iimount  eliminatetl  by  these  clmnnela  haa  beon  ^aiiously  utated  The  Ut««t  obHrT»> 
tions  are  by  Dopr^*  An<«tie.  ami  Snbhotin-+  Accordiofsf  to  Dapr*'.  from  t  Xpert  men  t«  on  lilaMd^ 
the  amonnt  eliminated  by  the  urine  and  breath  (he  did  not  examine  thti  skin)  is  onJr  •  njaylt 
fraction  of  that  t^ken  in,  aod  it  takea  pUce  chietly  in  the  rirtst  nine  hours  ;  ^i^liAeauoitl^  tim 
ajnount  ia  exce«aively  small  When  tiiken  day  after  day  there  is  noAocamaiatioQ  of  alcohol,  m 
that  th*  inference  U,  that  aji  ao  little  is  eliminated  almost  all  must  be  deatroyed.  SnbboCift'i 
experiments  were  on  rabbits  enclosed  In  a  closed  chamber  through  which  the  «ir  ««•  ai««lr 
drawn.     Like  Dupr6,  h^  detennined  the  amount  by  oxidlaing  the  aloobol  obtaiiMd  ialo  meHk 

•  Procoedlags  of  Eoyal  Society,  No.  IM,  p.  368  (1872.)    f  Zeitachrtft  fUr  IMoL  band  tfL  p«c*  Ml  (t<9«l> 
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Htif  alcohol  \b  destroyed  in  th^  ImxIj,  tlirough  what  stagea  does  it  pass  1    The 

^ktement  of  Duchek,  that  it  forms  aldehyde,  has  been  dkproTed.     Its  ea^siest 

^■kusformatioii  out  of  the  body  i»  into  aootic  acid ;    but,  when  fitdmiild;  are 

^Blaoned  with  alcohol,  lluchheiiu  and  Maying  eouJd  detect  no  acetic  acid  in 

^Bb  blood  ;  atill,  the  amount  would  be  so  small  it  mi*;!it  1h';  overlooked,  or  the 

^petie  acid  might  be  soon  transformed.     Lallemand,  l*erTin,  and  Duroy  could 

find  no  oxalic  acid.     If  it  be  true  that  the  pulmonary  carV^onie  acid  is  lessened, 

it  cannot  be  oxidised  to  carlmnic  acid  and  eliminated  by  the  lungs  unless  the 

tran^foniiation  of  some  other  substance  oiilinorily  furniflhing  carlxmic  acid  is 

»UhL     The  mode  of  destruction  is,  in  fact,  unknown.     The  only  point 

icli  throws  any  light  upon  it  is  the  alight  increase  of  acidity  in  the  urine 

iring  the  use  of  alcohol,  which  looks  as  il  an  acid  of  some  kind  warn  formed 

Bt  of  it, 

l^nj«».'ut  exfKmnients  show,  then,  that  some  portion  passt^a  out,  and  another, 

ud  pniUibly  the  larger  portion^  is  gi'aduaily  destroyed.     The  place  wdiere  the 

ial  ilestruction  of  alcohol  occurs  is  yet  doulitfu! ;   but  it  is  impossible  that 

Be  transformation  takes  jjlaee  in  the  various  gland-cells  in  which  almost  all, 

or  all,  the  changes  in  the  body  take  place.  As  the  change  out  of  the  body 
^which  moet  easily  occurs  is  the  fomiation  of  acetic  acid,  it  ae*^rnB  at  preeetit 
^HlciHt  likely  that  stime  of  the  alcohol  is  thus  transformed.  The  acetic  acid 
^^fcouldthen  unite  with  the  soda  c»f  the  blood,  and  a  carbonate  would  eventually 
^Hi  forme*!  which  would  he  eliminated  with  the  urine,  as  is  the  case  when 
^Hbetutes  are  taken.*  This  would  account  for  the  pulmonary  carlx>nic  acid 
j^Bpt  being  ittcre^iseiL  If  this  view  l»e  correct^  the  use  of  alcohol  in  nutrition 
l^^^otild  be  limited  (.^j  the  effects  it  produces,  first  as  alctihol,  and  6ubser|Uently 
S    HB  acetic  acid,  when  it  neutralises  soda,  and  is  then  clianged  into  ciirbonate. 

tbv  chromic  Add  ;  but  he  found  that  not  incoTwiiierAble  qu&tititiefi  {nkht  nQb«trachtHehe 
:  ■-'       re  dixtiiDAted throagh  the  lungs,  and  KkUr  and kidntya  io tho  tirat  tjve  hours.     Con- 
iD,  Ltdkainnd,  mul  Durny,  he  Jouud  twice  &a  much  jiaAJstd  trouii  akin  and  lun^a  as 
iue^'jk     In  H  bouis  he  tound  1'2  ti  per  cent,  wan*  tilimiiiutedj,  and  in  *24  bouru  16 per 
'^  ^v««  reavonat  foi  supposjug  that  the  diMeultits  of  the  experiments  (viz.,  th«  dittl- 
ci  iiging  all  the  idcohol  into  iicetic  acid  ;  of  obtaining  tht^  alcohol  from  ibe  cli&mher ; 

of  i'  ^^**^iiug  the  rentiktJDu  ;  nnd  by  the  diiiiinutioii  of  ahborution  at  the  end  of  the  erp^ri- 
inetii,  Aad  by  the  limited  time  the  exp^rioient  could  be  carrim  on)  made  the  amount  actually 
reeovrred  (at  less  than  it  should  have^  been.  Anstie  has  modti  niim«rniu  experimenti  on  the 
wine  and  tweal,  and  alwaya  found  the  quantities  very  miuiite, 

Witli  icigard  to  the  length  of  timt;  the  eliinination  goes  on,  Bupre  fuund  it  to  he  Jiniahcid 
withtn  a  few  hours ;  Snljoottn  found  that  thf  elimiiiBtion  was  not  qiiltt;  endi'd  iu  24  ;  Pt!rriii| 
L«IJematid«  and  Duroy  found  it  to  go  on  for  a2  IiourH.  The  Into  Ctmnt  WoUowica  aad  myself 
fiMUid  that  mimttf^  quantitiei*  tould  l>«  found  in  the  urine  even  on  th«  fifth  dny  alter  a  krge 

JttOiiiity  of  i  1   t>etsii  lukeii,  though  the  eliiuiimtioij  hy  the  liingM  ceajstd  much  sooner. 

■  some  latt  t*,  with  small  quantities  of  b«er  and  wine*  I  hnvc  tound  th«  elindua- 

tloii  Io  ha  fiu ...  J.i  hnura, 

Iiiaben  Doticed  some  yeiirs  Ago^  that  a  substance  m'bkh  had  some  of  the  characters  of  alcohol 
mwt  foimd  in  the  urine  of  periMins  and  anlmalii  who  had  taken  none.  Count  WoHowici  and 
m}r»elf  titytlred  on  one  occactiou  that  a  suhHiance  which  ttlightly  I'educed  chromic  acid  was 
obtaiaed  fhMn  the  sweat  of  n  man  who  ba<l  taken  no  alcohol.f  though  in  other  curies  (EL  Bmtth, 
British  Medical  Journal^  Nov.  2,  1861)  there  m  certninlj-  no  auliiitance  of  tliis  kind  in  the 
•w«iit.  Dupr^  also  found  in  the  urine  a  rtuh^tanre  iuruiMhing  ftcetic  acid,  forming  iodoform,  and 
having  a  lower  specific  gravity  and  a  higher  vajujur  tension  than  pure  water.  The  aniouot  of 
thitf  attbutanee  is  so  ninnte  that  its  nuture  cannot  b«  f)«rrectly  ma<)e  out,  but  Lit^ben  consiilfr^ 
it  not  to  be  alcohol,  but  perhaps  to  be  derived  from  the  odoriferous  princi^kleH  ol  the  urine. 
Pupri  doulits  this,  and  my  obsenration  on  tlie  sweut  shows  that  it  can  Lardly  be  so,  unlesn  the 
MBte  odOftms  aabtftences  are  pasNing  oflT  bv  the  skin,  1  doubt  whether  it  ij*  an  invariable  con- 
ifcitlMSt  of  srine,  aa  I  could  find  none  In  the  urinE*  of  three  beetotidlers  which  1  lately  examined. 
♦  In  azperimenta  on  hii^e  (juantitte.*  of  alcohol  1  found  the  aridity  ol  the  urine  diehtly  in- 
imipii.  Thia  would  quite  agree  with  the  abtJve  view,  m  the  uniun  of  the  acetic  acid  or  car- 
iMOtc  mM  formed  from  it,  with  isonie  of  the  alkali  ordinarily  united  to  other  acijls,  would  in* 
tllTWl'Wi  the  urinary  acidity.  The  ciuie  is,  of  courfte,  not  paiallel  with  that  of  acetate  of  potash 
Ifhrcii  by  ti>e mouth,  which  makes  the  urine  alkabne  from  carbonate^  as  aonw  alkali  m  that 
I  ia  introduced. 

t  l*r«oeadluci  IWyal  Soei»ty,  Nt^  li^  p.  «7  (1670)* 
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The  fii«t  point  only  (its  effect  aa  alcoliol)  need  be  considered — 
hifluence  of  Alcohol  on  the  Organs^ 

1.  On  the.  Stotiuich, — In  very  small  quantities  it  appears  to  aid  < 
in  larger  amount  it  cbecks  it,  reddens  the  miJt:oii8  meDibiane,  and  [ 
the  **  clironic   cat^irrhal    ci>nditii>n  '*  of   WOson    Fox,    viz.,  inci«is6  of  ' 
connective  tissue  betwuen  tho  glantls;   fatty  and  cystic  de^enentioa  of  fl 
contents  of  the  gluntls,  and,  finally,  m\Mt  or  less  atrf^pliy  and  diaip 
of  tht^e  part8.*     Taken  halntually  in  hii'ge  quantities,  it  lessens  appetite. 

2.  (Jfi  the  Liver. — The  action  of  suialL  quantities  on  the  amount  of  bikj 
glycogenic  substances,  or  on  the  other  chemieal  cc»nditionfl  of  the  Hvei,  ii  i 
known.  Applied  directly  to  the  Hver  by  injectiun  into  the  portal  xm^t 
increases  the  anioimt  of  sugar  (Harley).  Taken  daily  in  lai^  qnantitw*  il 
causes  either  enlargement  of  the  organ  by  nnxhicing  alhuuiinoid  ami  fanj' 
deposit,  or  it  causes  at  onL-e^,  or  foDowing  enfargeinent,  increase  of  coMftOff 
tissue,  and  finally,  contraction  of  Ghsson's  capsule,  and  atn^ihy  of  the  Yffd 
canals  and  cella,  hy  the  pressure;  of  ,a  shrinking  exudation.  The  exact  ibmiI 
necessary  to  proiliice  these  changes  in  the  liver  and  Qtomnch  haa  xu>t  J^bt 
fixed  with  precision- 

3.  Chi  thr  Sphmu — Its  action  is  not  known- 

4.  On  ihfi  Lungs^ — It  is  said  to  lessen  the  amount  of  carbonic  acid  (ifiil  d 
watery  vapour  ?)  iniiie  air  of  expiration,!  though  there  are  some  diaowpuM 
in  experiments  with  different  kinds  of  spirits.  E.  Smithy  for  exampK  foai 
the  expired  carbonic  acid  lessened  by  brandy  and  gin,  hut  iuci^ased  bj  nfc 
It  is  very  imjiurt^nt  these  experiments  should  be  repeated,  but  they  aboi",  < 
any  rate,  that  the  usual  effect  is  not  to  increii^e  the  carbonic  acld.t  ^'''P 
quantities  habitmilly  taken  it  also  alters  the  molecular  con^tutioix  of  it 
lungs,  as  chronic  bronchitis  an*l  lobar  emphysema  are  certoxjily  more  eamnfli 
in  those  who  take  much  akohoL 

5.  On  the  Heart  ctftd  BlotMl'Ve^eh.-^ Alcohol  in  h^thj  persons  ilte 
increases  the  force  and  the  quickness  of  the  heart *s  action.  Dt  Ana^  ] 
has  lately  confirmed  this  oj)inion  by  careful  q^hygnjographic  oheemti«ffli; 
these  ett'ects  are  still  mon*  marked  in  febrile  diseases  if  alcohol  acts  favocuiblf 
(in  some  febrile  cases  it  appears,  from  Anstie's  observations;^  not  to  incroiii 
the  power  of  the  heart).  Li  a  healthy  man  I  found  that  brandy  ||  aU|pDiffli^ 
the  rapidity  of  the  pulse  1 3  per  cent-,  and  the  force  was  also  increased ;  taliS|C 
the  usual  estimate  of  the  heai't  s  work,  it*?  daily  excess  of  work,  with  4"8  Iw 
ounces  of  absolute  alcoliol^  was  equal  to  15 '8  tons  lift^  one  foot  Wi4 
claret  the  results  were  almost  identical     The  period  of  rest  of  the  b^ot  ^ 

•  Thftio  GhftngBs  are  naw  considered  by  Wilson  Fox  to  he  closely  aUied  with 
In  drrboam  of  the  liver,  and  in  the  contracted  and  indumti'd  kidney.     Dr  Fox  mfomtttl 
the  oMOciiition  r#f  those  coaditioRs  io  these  oTj^aiis;  *'  has  been  before  htm  with  mmsikiftii 
quenoy."    See  Diseases  of  the  Stomach,  3^  ediUoQi  p.  125,  footnote  ;  and  also  RmoU'ftr< 
of  Medicine,  vol  il.  p,  860,  Rtnl  footnote. 

+  The  cfEeet  of  red  and  i^hite  French  wine«  aid  of  lieer  has  been  very  caivldlly  « 
Perrin  (Rec.  du  M^m.  de  :Med.  Mil  1S65,  p.  82) ;  a  rerv  great  diroinutiaii  fji  t^ 
carbonic  acid  (from  5 '6  to  22  por  cont  less  being  ex cretea)  was  noticed  in  M  ttu 
The  effect  corameueed  soon,  uud  peach«d  it«  umxiremni  in  the  thinl  hour,   and  cvtieA  m  r* 
bonra  more.     The  pnlso  after  meaU  with  and  without  wine  hud  equal  power,  bttt  afte  *  t* 
the  puis*  fell  more  when  wine  was  not  taken, 

i  See  Binz  Journal  of  Anntomy  mid  Pbysiolo^,  May  1874, 

§  In  a  paper  mad  before  the  Briti.<ih  AMociatioTi  in  1868  (Metlical  Times  audi  OuitM.  S^ 
tember  IHHH),  Thia  paper  shown  that  the  aphygmographio  indii'atians  (combined  «tt^  W 
urinary  test)  may  give  us  a  clue  to  the  often  diificnlt  question,  whether  alcoliol  u  ^btogp^ 
or  barm  in  dijaease. 

II  See  paper*  by  Count  Wollowica  and  myself  in  Proceedinga  Rojral  Society^  Ko.  ISO  •* 
182 ;  aDil  ittotlMr  paper  by  myself^  No.  136,  for  the  effect  of  alcokol  on  the  laeart  duHitf  e 
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Hrteued,  and  its  nutrition  must  therefore  have  been  interferod  wilk  In 
Itotlit^r  man  I  fuimd  frufii  4  1-0  8  ounciis  of  brandy  produced  ]jtdpibition  and 
pBatlilt;j>8nt*ss.  AU'ohol  causes  evidtmt  ililatation  of  the  superliciid  veasek,  as 
bo^w^n  by  th**  nidnees  and  lluahing  of  the  skin ;  and  iu  my  ex]>f*rinitnjtft 
f  ■  iko^qiiphic  ohservtttionfl  alrfo  proved  that  the  arterifs  dilated  more  easily 

tbo  fuikr  cuntait  thrown  out  by  the  strongly  acting  heart.     If  it  were 
U>t  f*-*r  ibi.s  y lidding  of  thn  vesstds  (prodiicud  jifrhaj-j^  by  paralysis  of  the  vaso- 

t.oior  iK^Tves)  alrnhol  woidd  be  a  iiitist  dangetuua  agent,  aa  either  the  strckUg 
ave  would  t>reak  the  ves-sel,  or  the  hfurt  would  not  1r?  properly  emptied  of 
^^  blcKMi  during  the  eoiiLractii>n.  It  seems  to  rae  that  ther«3  must  be  danger 
^Hfclie  use  of  alcoliol  when  the  aneries  become  rigid  m  advancing  life,  if  the 
PHrt  is  then  susceptible  to  the  action  of  alcohol  Eventuidly  the  veatiela  of 
itke  surfaca  pass  into  a  state  of  permanent  slight  enlargement  and  turgeseence  ; 

£e  skin  alters  in  appearance ;  and,  owing  to  this,  i*ersuns  who  take  much 
sobol  80on  get  the  appeaniuce  of  age.  In  some  diseases,  alcohol  is  s^iid  to 
lessen  the  fi^»i[uency  of  thelieart's  action  ;  and  Anatie  found  it  inei'Ciise  arti^rial 
lension*  In  sueh  cases  there  must  be  peculiar  nervous  conditions  with  which 
^e  mre  unacquainted.  As  far  as  my  own  observations  go,  I  have  fouml  it 
^isiudly,  if  not  tdway^  increAsea  the  frp<]Uency  of  the  heart  in  disease,  and  in 
ootne  luitienls  the  raf*idity  of  the  heart's  action  hsus  lw!en  simply  o^^ing  to  the 
iwlnauistmtiyu  of  alcohol  Anstie  liehcves  its  principal  action  is  on  the 
^ajrmpathetic  n*^:rve,  and  the  vascular  phenomena  seem  to  strengthen  this  view, 
I'Vrhile  others  think  it  acts  esp>ecially  on  the  vagus  and  the  heart  alone, 

6.  On  (he  Bloftfl.—Tha  amount  of  fat  is  either  inen-^asetl,  or  it  is  more 

Kdble.     The  chemical  chaiige-s  in  the  blood  are  partiaUy  arrest*jd.* 
7.  On   the   Nerooiuf   Si/8tem,'^lji   most    persons   it   acts   at   once  as  an 
seethetic,  and  lessons  also  the  rapidity  of  impressions,  the  power  of  thought, 
fmd  the  perfection  of  the  senses.     In  other  cases  it  seems  to  cause  inciifased 
LttDidity  of  thought,  and  excites  imagination,  hut  even  hei-cj  the  power  of  con- 
^Bl  over  a  train  of  thought  is  lessened.     In  no  case  dcHjs  it  seem  to  increase 
^fecuracy  of  sight  ;  nor  is  there  any  good  evidence  that  it  <|uickens  hearing, 
taste,  smoU,  or  tuuch  ;  indeed,  Edward  Smith's  exi>eriinents  show  that  it 
cUminishes  all  the  senses.     In  almost  aH  cases  modemte  quantities  cause  a  feel- 
of  comfort   and    exhilaration,   which    ensues   so    ipiickly   as   to   msdce 
>robahIe  tlie  loc4il  action  on  the  nerves  of  the  stomach  has  at  first  somethijjg 
io  with  this.     Afterwards  the  inci'eased  action  of  the  heart  may  have  an 
Different  spirits  act  dilTerently  on  the  nervous  syst4iin,  owing  probal>ly 
Pihe  presence  of  the  ethers  and  oils  ;  some,  as  samshoof  and  raki,  pruduce 
[greet  excitement,  followed  hy  profound  toi-p^ir  and  depression.     Alisinthe  is 
also  especially  burtfid,  apparently  from  the  presence  of  the  essential  oils  of 
aniaei  wonnwood,  and  angelica,  as  well  ii8  from  the  large  amount  of  alcohoL 
It  appears  that  the  properties  of  aljsinthe  are  somewhat  diti'erent  according  to 
the  manner  in  which  water  is  mixed  with  it,  Le.t  suddenly  or  slowly ;  in  the 
latter  ease  the  partLclea  of  the  absinthe  SlTg  more  divided,  are  absoihed  more 


•  HATky.     ProoeetiingH  of  Royal  Soe.,  March  1865.  No.  62,  p.  IfiO, 

L^^  I  waa  vtry  detiraiu  of  Mcertainifig  Ifi^  exact  ccinii>tiaitioti  of  Chinese  Stimshoo,  and  DrDiipr^ 

^^hs  «o  kind  &•  to  anAlyse  for  me  a  specimen  of  the  best  Samshoo  from  Singanora.     It  contained 

IKlOO  CC  28*91  per  ceaL  of  alcohol  by  weight,  and  this  was  made  up  of  23'874  P*rt3  ot  ethyl 

'aleobol.  and  "036  partA  of  Amy  lie  alcohol ;  th«  amount  of  free  acid  (amiosl  all  acetic)  vt^  105  ; 

of  raidii*  (iogAT  Almost  eiJtiTOly)^  <j*01,  and  of  a*b,  M  pep  cent.     CbeAp  Samahoo  ^vft  nearly 

llio  aame  revult.      There  seema  to  be  nothinisr  dtiletcriooH  here ;   and  Trom  inquiHea  among 

soldier*  who  have  served  At  Hongkong,  I  am  led  to  doulit  whothor  good  SamahtKi  doea  piwluco 

tbe  tSbCtn  AAcribed  to  tt.     I  au^ect  it  ia  the  adulterated  (iv  ith  opiuiii,  kc,)  article  vthidi  acta 

so  vifileallyp     Tlie  Cape  brandy  ia  of  two  kinda-the  Cajie  tmtl  the  finer  hnmdy  ;  Ihu  latter  ijs 

ftlODgeTf  Abd  ii  aometunea  called  peAch  hnmdy ;  this  nppearii  to  be  the  huitUl  kiud. 
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ettfily,  aud  produce  greater  eflfecte.     In  all  theae  caBoa  there  cBH  W  i 
doubt  that  alcohol  enters  into  tenifwrary  ctJinbination  \nth  the  nerroia* 
ture  ;  and  the  evidence  from  the  impairment  of  special  seuae  and 
power,  implit^B  thut  it  int-eifi/res  \^ith  the  movements  of  the  nervoos  uu& 

8.  0»  ^At^  Musridar  Systetn. — ^  Voluntary  muscular  power  aecBB^^fl 
lessened^  and  this  is  most  marked  when  a  large  amotint  of  alootbol  i>4^H 
once ;  the  finer  combined  movements  are  less  perfectly  made,  ^WlidS^B 
Ib  by  direct  action  on  the  muscular  fibres,  or  by  the  inHuenoe  on  tli«  BBV 
is  not  certain.  In  very  large  do&eB  it  paralyses  either  the  iQepinkoT  wadi^ 
or  the  nerves  supplying  them,  and  d^th  sometimes  ocetin  fram  tw  inf#  i 
ment  to  respiration.  ] 

9.  On  the  Metamorpkfm^  of  7Y«w<^.— This  is  usually  stated  to  bt  I 
and  it  has  been  said  that  theit^  is  a  diminution  in  the  elinunatiaD  of  i 
(m  lu^a),  and  of  carbon  (as  carbonic  acid).  But  the  expennif^te  iin^  I 
referred  to  by  Count  WoUowic^z  and  rayselP  prove  that  the  iiietam<irplm^  I 
thf^  nitiTigenouB  tissues  is  in  no  way  interfered  with  by  dieb^  ^m  I 
Whether  the  earhdnic  acid  excretion  is  nially  lessened  mny  be  «]«>  qoadiDOii  I 

10.  On  the  Tftnjienttifre  of  the  Body, — -When  alcohol  is  given  to  bildf  | 
animals  in  full  hut  not  excessive  doses,  the  temjieratiire  oi  the  bodt  tfl  I 
This  aeeins  t*)  lx>  showTi  conclusively  by  the    experiments  uf  Hin^  ai  I 
Bickards,  Richanlsfm,  Bina,  Cnny-Bouvier,  and  Euge.      In  hi«allhj  DMOili  I 
have  l>een  accustomed  t^u  take  alcohol  in  moderate  quantities  thsncoliff  I 
rather  contradictory.     In  a  man  accustomed  to    alcohol,   Kiuger  loonl  W  I 
change  ;  in  two  men,  temperate,  hut  accustomed  to  take  beer  and  aoMlM  I 
sjjirit^  I  could  not  det-ect  any  raising  or  lowering  of  the  thermometer  dii|| 
in  the  axilla  or  rectum,  f     l>r  Mainzer  found  iio  JFall  of  temperature^  tiita| 
on  himself,  but  a  slight  fall  in  another  healthy  perjson.     Same  e.Tperiniffflliln 
OhernierS  and  by  FokkerU  are  also  quit^^  negative.     On  the  other  handle  Rin^ 
Biiiz,  tind  Bouvier  noticed  in  some  laeaithy  persons  a  decrease  of  lexnp^nrtoft; 
and  tlnjugh  some  of  the  expeiiments  are  evidently  rather  InaocimiEk  irf 
though  the  fall  of  tem]>erature  was  inconsiderable,  it  is  difficult  to  refittibiW 
^at  in  some  (Mises  there  may  be  a  slight  deprcjsjsiion  of  teinpemture,^ 

In  febrile  tiases  the  evidence  is  almost  equally  divided.  In  a  num  on  niw 
I  was  expcriTiienting,  an  attack  of  catarrh  canu?  on  with  rise  of  temp^iMI 
and  alcohol  did  not  apparently  in  the  lea^t  affect  the  hi^at.  (A  WAR 
Obcniier,  and  Rabow  were  etjually  unsuccesi^fuJ  in  noting  a  fall  in  tempenttH^ 
Biiiz  a  lid  C,  Bouvier**  have,  however,  produced  septic  fever  in  aniisaliiiiA 
then  lowen?d  the  febrile  heat  by  large  doses  of  alcohol,  in  what  appeaii  • 
have  been  an  unmistakable  manner,  in  several  cases. 

We  limy  comdude  that  the  effect  of  moderate  dosee  on  temperatiw  a 
healthy  men  is  t^xtremt?iy  slight ;  there  is  no  increase,  and  in  many  perFt'Ui » 
decretise.     In  those  in  whom  thei^*  is  a  slight  decrease,  the  amount  is  tr&nt, 

11.  On  the  Aft  ion  of  the  Elimhmting  Orijmtif, — The  water  of  the  uiiae  vi 
the  acidity  ai-e  slightly  increased;  other  ingredients  were  found  in  my  ti|*o- 


*  ProOMdmgH  Royal  Society,  Nm.  1^0^123  and  186. 

+  Ibid. 

X  {Jehv>T  die  Einwirkung  ties  AlkoLokj  Inna,  DIm,  BoniL,  1S70, 

§  Archiv  Tiir  die  ^m.  Phys,  band  ii.  p.  494. 

I  Quoted  by  HtiH^iimnti,  Juhretib.  fiir  die  ges,  Mdd.  1871|  bmod  u  p.  324. 

1|  Binx  \ktc.  at)  \mM  that  sniftU  (dietetic I j  dose^  prodnci? no  chang*  ;  lar^  iitpbmtim4 
produte  A  fall  froro  J5'*6  to  6"  l*\,  laiiting  for  four  ot  fire  houiB.     Habit,    ) — ■"•- 
toIerauL^t\      In  the  l>ody,  after  death,  the  temp*rfttiirc  otten   rvBtA,  but    i 
iulaiiniHt4!reiJ  previon^ly  it  does  not  do  lo  \ — h«ti<]e  Bins  condndei  thai  Ui*  atm^i 

ditiiuiail  changes  in  the  glandn. 

**  Bee  etp&uially  Phurmakologische  Studiee  iiber  den  Alkoliol,  von  C.  BottTkr,  &vli4|  U?l 
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^H^ts  to  be  unaffected,  and  I  caimot  but  doubt  tbe  stat<^iueiits  to  the  contnuy. 
^Kft  concUtion  of  the  skin  is  not  certatn.  I)r  E.  Hinitli  thought  the  p-rspira- 
^^B  lessened,  but  WejTicb  noticed,  after  ftpirita,  beer,  and  wine,  a  large  in- 
^^■86  in  the  insensible  cutaneous  perepinition  ;  and  the  enlargement  of  the 
^^hbIs  of  the  skin  would  prcibablj  lt?ad  to  IneRAasi^d  transit  i>f  fluid. 
^^HS.  Remote  Efff^rf^  of  AkvhoL — The  degenerative  changes  whieh  occur  so 
^Hqaently  in  th*^  sUmim^h,  liver,  ami  other  organs,  by  the  constant  intro«iuc- 
^Bn  of  improper  qiiantities  of  alcohol  into  thti  body,*  affect  alHo  almoRt  all 
^Hpta  of  the  bj<ly.  The  brain  and  its  mcnibnineH,  and  its  veBselH,  suffer  early 
^^H  principally  ;  and  Kremianaky  t  has  produced  laemorrhagic  meningitis^  and 
^Hthological  chang<^9  in  the  brain- veiiae Is  and  niemlinuies  in  dogs  by  giving 
^H|in  alcohoLJ  There  is  no  question  tbat  sevenil  >»rain  iliseases,  including 
^^ke  cades  oi  insanity^  are  produced  by  excess  of  alcoholg  Bo,  also, 
^^fcenerative  changes  in  the  stomach,  liver,  lungs,  anil  probably  in  the  kidneys,  || 
^Hult  from  imnicMii.'rat€  use.  To  use  Dickinsou'e  expressive  phras*?,  alcohol  is 
^B  very  "  genius  of  degeneration."  And  these  alcoholic  degenemtions  are 
^Btainly  not  coTiBned  to  the  notoriously  intemperate.  I  have  seen  them  in 
^^■nen  accustomed  to  take  wine  in  ipioiitities  not  excessive,  and  who  would 
^^n  been  shocked  at  the  imputation  that  they  were  taking  too  much,  although 
^^febBir  case  the  result  proved  that  for  them  it  was  exoessu  The  nature  of 
^^B  degenerative  changes  appear  to  be  in  aU  cases  the  same — viz.,  fibroid  and 
^Hfcy  changes. 

^BConsidering,  also,  tbe  great  increiise  in  the  aetion  of  tbct  heart.,  and  the 
^Hatation  of  the  vessels,  it  can  scarcely  bt^  d»jubted  that  alcohol  in  exc3S8  is 
^Hb  of  the  agencies  causing  disease  of  the  circulatory  organs. 

^H  In  Alcohol  d&firahle  as  an  Article  of  Dje£  in  Health  / 

^l^rbis  question  is  so  large  and  difficult  that  a  satisfactory  answer  c<^m  hiirdly 
^K given  with  our  present  knowledge.  The  diita  for  paaslng  a  judgment  are 
^■rtiy  physiological,  l>iit  still  more  largely  empiriead. 

^vThe  obvious  useful  phy Biological  actions  of  alcohol  are  an  improvement  in 
^ppetit«,  produced  by  small  quantities,  and  an  increased  acti\ity  of  the 
^  circulation,  which,  within  certain  liiuits,  may  be  btmehciaL  It  ia  dilhiL-ult  to 
dve  proof  at  present  of  any  other  useful  action,  since  it  is  uncertain 
r,  during  its  j^rtial  destruction  in  tbe  system^  it  gives  rise  to  energy.  In 
of  disease,  in  a<Idition  to  its  effect  on  digi^stion  and  cin^ulatiou,  its 
cotising  intluence  on  the  nervous  system  may  be  sometimes  useful.  Ueale 
that  it  may  restrain  the  rapidity  of  abnonuid  growth  or  develupnieut 
nnulti plying  cells,  and  tliat  by  such  ari-cJit  it  maj  possibly  diminiah  bodily 
ttperature ;  but  proof  of  this  lias  not  been  given. 

Tie  dangerous  physiological  actions  in  health,  when  its  quantity  is  larger, 

evidently   its  inHuence  on   the  nervous  ayi«tem  generally,   and  on   the 

ating  nerve-centres  of  tlie  heart,  and  vaso-motor  nerves  in  particular  j  f 


*  A  very  vtrikio^  paper  on  \hin  subject  hut  been  latvlf  publiBhed  bj  DickinHon ;  Lancet, 
Koreinber  1S72.     It  painU,  in  Miartllng  eoloun,  the  imrtienjiti  degenerative  powc^r  of  ali-c^iiol. 
t  Virchow'B  Arcliiv,  band  lUi.  p.  '^m. 
X  8eeabo  the  experiments  by  Magnan  (Sur  TAlcoolkme). 
f  Magnui  etatM  the  two  terrninationi)  or  throaic  akuboIiBm  to  be  dtmtntia  and  general 

[|  Anfftie  and  Dickinson  have  lately  denied  tkfit  the  kidaev^  i^uifer  in  alcoholism  in  any  great 
ijjjjpim  It  ia  an  oven  queetioa  ;  bnt  tbe  evidence  is,  I  thiijfc,  id  favour  ot  kidut^y  d^^euerHtion 
bnHf  im9  of  the  vatcU  of  aloobolism.  My  frit^nd,  Dr  IJ^orgt^  John^^oa.  informa  me  timt  out  ot 
iDO  MftUDti  witli  Bright'fl  diaeate,  from  aU  cause^i,  lie  I'uund  no  lessi  than  58  were  dmnkarda. 

1"  Thia  inllueocse  ia  probably  a  paraTysini^  agency,  ariiiing  from  a  direct  though  IranAJtory 
I  of  tbe  sloobol  with  the  nervoua  aubatance.     Kichordson  hoH  made  the  very  important 
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the  imjiaimic^nt  t»f  appetite  produced  by  large  doses,  tlie  lessenllig  of 
strengtli,  and  reniut-ely  the  production  of  degeiiemtions.  Excerpt  whtn  ir 
lessens  appetite,  it  does  not  alter  tlio  tmnsforination  of  the  nitK^gL'Hous  tismkHtf 
and  the  eliiiiiuation  of  nitrogen ;  nor  can  it  be  held  to  be  absoluteJy  provifd  to 
lessen  the  exfretiou  of  carbon.  If  it  did  so,  this  effect  in  healUi  wauld  bt 
aijajdy  injurious. 

It  is  a  uiatU^r  of  the  highest  iuiportance  to  deternnne  when  the  Jimit  ol  the 
useful  etfect  of  alcohol  is  reached.  The  experiuieiite  are  few  in  numhetvliot 
are  tolenibly  accumte,  Frtun  cxporimeuta  made  by  Dr  Ans^tie,  an  amt>imt  uf 
one  tluid  ounce  and  a  half  (42 '6  C.U,)  caused  the  appearance  of  alc/jhol  In  \hg 
mine,  which  Austie  regards  as  a  sign  that  as  much  has  been  taken  as  cm  be 
disposed  of  by  the  body.  The  late  Count  Wullowicz  and  myself  obtained 
alun>st  precisely  the  same  result.  When  only  one  fluid  ounce  of  ab«>liili^ 
alci>hol  was  given  none  couhl  be  detected  in  the  urine.  We  found  that  in  ft 
strong  healthy  man,  accustomed  to  lUcobol  in  moderation,  the  qinmtity  giTt-n 
in  twenty-four  hours  that  begins  to  produce  effecta  which  can  be  coiifflUeivd 
injurious  is  something  between  one  fluid  ounce  (  =  28 '4  C.C.)  and  two  flttiil 
ounces  (5(5 -8  CC.)  The  effects  which  can  then  be  detected  are  filight,  to 
evident  narcosis,  lessening  of  appetite,  increased  rapiility  of  riae  in  the  adioa 
of  the  he^rt,  gri^ater  dilatation  of  the  small  veeaela  as  estimated  bjr  ^ 
sphygmograph,  and  the  appearance  of  alcohol  in  the  urine.  These  efteii 
manifestly  nmrk  the  entrance  of  that  stage  in  the  greater  degrees  of  urbich  the 
poisonous  effects  of  alcohol  become  manifest  to  alL 

It  may  be  cfiiisidifred,  then,  that  the  limit  of  the  useful  effect  is  products! 
by  sonu^  quantity  Ix^tween  1  and  1  i  fluid  ounces  in  twenty-four  hours.     Tbrft 
may  be  persons  whose  liodies  can  dispose  of  larger  nuantitie^ ;  but  as  nii 
experiments  w^ert^  made  on  two  powerful  healthy   men,  accust<inied  to  t^l 
alcohol,  the  average  amount  was  more  likely  to  he  over  than  under  st4ited. 
women,  the  amount  rer^uired  to  produce  decided  bad  effectis  muat^  in  all 
babihty,  he  less.     For  children    there  is  an  almost  universal  consent 
alcohol  is  injurious,  and  the  very  small  quantity  w^hich  pr»»duces  syrnptoma 
int-oxication  in   them  indicates  that  thty  absorb  it  rapidly  and   tolemUj  tl 
badly. 

Assuming  the  correctness  of  these  expenmental  data,  which,  though  not 
extensive,  are  yet  appiu'ently  exact,  it  is  e^^dent  that  moderation  must  be 
something  below^  the  i|uantitiea  mentioned ;   and  considering  the  dangere  of 
taking  excess  of  alcoliol,  it  seems  wnsest  to  assume  1  to   IJ  fluid   ounce*  d 
absolute  alcohol  in   tw'cnty-four  hours  m  the  maximum  amount  which  ft 
healthy  man  should  take.     It  must  be  admitted  that  this  is  ptovisional,  umJ 
that  more  exj>eriment8  are  necessary  ;  but  it  is  base^l  on  the  only  safe 
possess.     One  ounce  ia  equivalent  to  2  fluid  ounces  of  hi-andy  (con 
per  cent,  of  alcohol)  or  to  5  ounces  of  the  strting  wines  (sherriea,  &:c., 
cent,  of  alcohol) ;  or  to  10  ounces  of  the  weaker  wines  (clarets  and  hock% 
per  cent  of  alcoliol) ;  or  to  20  ounces  of  beer  (5  per  cent,  of  aicuboL) 
these  quantities  are  increased  one-half,  1|  ounce  of  absolute  alcohol  willbi 
taken,  and  the  limit  of  moderation  for  strong  men  is  reached.      I  beHere  d»l 
this  standanl  is  fairly  c^^rrect ;   sijice,  from  inquiries  of  many  healthy  nuft 
who  t^ike  alcohol  in  moderation,  I  find  that  they  seldom  exceed  the  tixm 
amounta.     Women,  no  doubt,  ought  to  take  less ;   and  alcohol  in  aoy 
only  does  harm  to  healthy  children. 


i 

i»<jf     1 


ftiftcoTery  ihtii  ike  aIcoIioIs,  snch  an  the  Tjutyl,  arnyU  and  heirl  alcohols,  which     

OArboD,  prodnce  a.  mnch  f^eater  effect  oti  thv  nenoua  system  than  meth]r]  mud  mhfl  ^_____ 
Th«re  ATo  RTBAtflr  mii»ciiliif  Irt^niom  and  ntupor,  and  these  effecta  increaae  ngakrly  ititi  iSm 
increase  of  carhon  and  lessening  volatility. 
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^Hliiotlier  riuestioB  now  arises,  to  y^hkh  it  is  more  difficult  to  reply.  Is 
^^fchol,  even  in  this  niodemti^  aniijunt,  neix*8aary  or  liet^b'ablti  ;  are  int-n  reiiliy 
^^^^BAnd  more  vigoroiua^  and  lunger  ]iv\^il  with  it  tUitn  tLuy  would  Ijo  witb- 
^^^Hr  alcohol  1  If  distinctly  hurtful  in  largi*  quantities,  la  it  not  so  in  these 
^^^^f  amouBtfi  ? 

^^^Hr  is  no  diiiculty  in  proving,  statistically,  the  Tast  loss  of  he^dth  aud 
^^B  C»u»ed  by  inU'iupcitmce  ;  and  the  reiuurkiLlde  facts  of  the  Pntvidi'Ut 
^^KtiUition  (see  psige  291)  show  the  great  advantage  total  abstaint^i's  liave 
^Hr  those  who,  though  not  inteini)erati%  uao  alcrihol  more  freely.  Ikit  it  is 
^^■O0t  impossible,  at  prt^si^nt,  to  compare  the  hoalth  of  teetfitallers  with  tho^e 
^^Bd  uae  alcohol  in  the  mcKlerate  scale  given  above*  In  both  chiS843S  are  fuund 
^^h  in  the  highest  health,  and  with  the  groatefit  vigour  of  mind  and  body  ;  in 
^^■h  are  to  be  found  lueti  of  the  most  advanced  ag».  If  the  question  is  looked 
^^■JMkly  m  a  scientilic  one,  I  do  not  eee  how  an  answer  cjm  he  at  present 
^^^■P  Failing,  ae  it  appear?*  tt3  me,  in  aiu:iinit<j  infonuation  on  this  point, 
^^Fomial  arguments  for  and  against  the  uae  of  alcohol  cannot  be  held  to 
^^■le  the  point.     These  are — 

^Bd)  That  the  universality  of  the  habit  of  using  some  intoxicating  drink 
^^Brcs  utility.  This  seems  incorrect,*  since  wh«de  natituis  (Mohammedan 
^Bi  Hincbm)  use  no  alr<i|i<d  or  8id}stitnte  ;  aiul  since  the  same  argument  might 
^Hivo  the  necessity  of  Udjacco,  which  for  thia  g<-nenitionj,  at  any  i-ate,  is  clearly 
^H^  a  lujcury.  The  wide-«pread  hahit  of  taking  iiit*jxicating  litiuiils  merely 
^H|ve«  that  they  are  phii^nL 

^BMr)  TTiat  if  not  necessary  in  healthy  modes  of  life,  alcohol  is  so  in  our 
^Hfidxd  state  of  existence  amid  the  pressure  and  contlict  of  modern  anciety. 
^Hlft  orgiunent  is  very  que^tionaijle,  for  some  of  our  hardest  wurki'rs  and 
^Bilkers  take  no  alcohol  Then*  an^  also  thousaniis  of  persons  engaged  in  the 
I  moat  anxious  and  incessant  occu]jations  who  ai-e  total  al>stainera,  and,  accu^l- 
iBg  to  their  own  atrcount,  with  decided  benefit. 

(<?)  That  though  it  may  not  be  necessary  for  perfectly  hejilthy  persons, 
alrohul  is  so  for  the  large  class  of  peojile  who  live  on  the  confines  of  ht'idtb, 
wlnitie  digestion  is  feeble,  circulation  languid,  and  nervous  systciui  too 
excitable.  It  must  bo  allowed,  I  think,  there  are  some  persona  of  this  chiss 
who  are  benefited  by  alcohol  in  small  quantities,  and  cliielly  in  the  form  of 
beer  or  hght  wine.  Unless  these  jiersons  wifully  deceive  themselvefi,  they 
feel  better  and  arc  better  with  a  little  alcohoL 

(d)  That  common  experience  on  the  largest  scale  shows  that  alcohol  in  not 
excessive  quantitit^i*  cannot  be  an  agent  of  harm  ;  that  it  is  and  has  been  used 
by  milhons  of  persons  who  appear  to  suffer  no  injury,  hot  to  be  in  many  cases 
■Biefited,  and  therefore  that  it  must  be  in  some  way  a  valuable  adjunct  to 
Hbd.  A  grand  fact  of  tliis  kind  must,  it  is  contended,  override  all  objections 
wnd  on  physiological  data,  which  are  confessedly  incomplete,  and  which  may 
lisre  left  undiscovered  some  special  uaefol  action*  It  must  l»e  admitted  that 
tliia  is  a  very  strong  argument,  and  that  it  seems  incredible  that  a  large  part 
of  the  human  race  should  have  fallen  iuto  an  error  so  gigantic  as  that  of 
attributing  groat  dietetic  value  to  an  agent  which  is  of  htthi  use  in  small 
quantitiog,  and  is  hurtful  in  large.  At  first  sight  the  common  sense  of  niEm.- 
kind  revolts  at  such  a  supposition,  but  the  argument,  though  strong,  is  not 
oanclusive  ;  and  unfortunately  we  know  that  in  human  affairs  no  extension  of 
belief,  however  wide,  is  jier  se  e^ddence  of  truth, 

(0)  That  thoQgb  a  man  can  do  without  alcohol  under  oitlinary  circum- 


*  Moct  Tutl(m«,  however,  if  not  &tl,  use  aome  sedatiTe,  which  mAy  b«  considered  to  tike 
the  pUot  of  alcohol    { F,  de  C) 
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stances,  there  are  cerfcaixi  conditions  when  it  is  useftiL     It  will  be  neommtj  I 
see,  then,  what  is  the  evidence  on  tliis  pomt. 

Evidence  on  tlm  Use  of  Alc4>hol  under  <^ain  €<mdHwng*^ 

Gretd  Cold. — There  is  singular  unanimity  of  opinion  on  tibia  fN>iiii 
ohservcra  cundnnm  tlie  use  of  spirits,  and  even  of  wine  or  lieer,  bb  a.  previ 
live  against  eoltl.  In  the  Arctic  regions  we  have  on  tlii^  heaii  the  evid< 
of  iSir  John  Kichanlaon,  Mr  Goodsir  (in  Sir  J.  Franklin's  first  voyii^), 
King,  Captain  Kennedy  (in  the  hist  search  for  8ir  J.  FrankHn,  when 
whole  crew  weK^  ti*4itot4dler8),  l)r  Eae^  Dr  Kane,  l>r  Haye«  (snrgeon  of 
Kane  expeilition),  and  others.  Dr  Hayes,  indeetl,  says  in  his  last  p4]x^ 
(1859),  that  he  will  not  only  not  ns*?  ftj>irita^  but  Mill  take  no  man  accustoi 
to  use  them  ;  and  that  if  "  imperious  necessity  obliges  him  to  give  spirits, 
will  give  them  in  small  doses  freijuently,  as  the  excitant  action  is  followed 
a  very  dangerous  depression."!  In  the  Antarctic  regions,  and  in  the 
whaling  grotintb,  we  have  the  strong  evidenue  of  iJr  Hooker  to  the 
l>urport,  and  the  customs  of  the  niany  teetotal  Tvhalera.  UUoa  long  igo 
noticed  the  mime  tiling  in  the  ascent  of  Pichincha,J  In  North  America,  the 
Hudson's  Bay  Company  entirely  excluded  spirits,  partly,  no  doubt,  to  prevent 
their  use  among  the  ludiana,  htit  partly^  in  all  probahiHty,  from  ex|:K?rience  of 
their  inutility.  Dr  Carpfjnter  quotes  from  Dr  Kniill  a  fttatement  thfit  th% 
Buflsaaa  anny  on  the  march  in  cold  weather  not  only  use  no  f^pirit^,  but  do 
man  who  has  lat-ely  taken  any  is  idlowed  to  marclL  The  guides  at  Chai 
and  the  Oberlaml,  when  out  in  the  winter,  have  invariably  found  ep) 
hiiTtful ;  they  take  only  a  little  light  wine  (Forbes).  The  bathing  mrn 
Dieppe,  who  are  much  exposed  to  cold  from  long  stamling  in  tlie  sea,  al9(» 
that  spi^rits  are  hurtful,  and  take  only  a  little  weak  wine  (Xevy). 

Grnai  fferd,—The  evidence  heVG  also  is  almost  e<iually  conclnsive  a^ 
the  use  of  spirits  or  beverages  contaiiiiiig  much  alcohol  Dr  Carpenter  hii 
assembled  the  most  conclusive  testimony  from  India,  Brazil,  lionitso,  Africa, 
and  Dememra.  The  best  authorities  on  tropical  dlseasea  epeak  as  atrangljr; 
Eobert  Jat  kson,  Kiinald  Martin,  Henry  Marshidl,  and  many  othent.  It  mum 
quite  certain,  also,  that  not  only  ifi  heat  less  well  Ininie,  but  that  msolAti^in  | 
predisposed  to. 

The  conimtm  nt>tion  that  Bume  form  of  ah'tdn»he  lievenage  is  necesjaarr 
tKipical  climates  is,  I  firmly  Iwlievej  a  mischievous  delugiom      I  brought 
Dr  Carpenti^r's  notice  the  case  of  the  84th  liegiment^  in  which  I  fonnt' 
seirveil,  which  fKun  the  years  1843  to   1850  numl>ercd  many  tuetotaUt^rs  (i 
one  time  more  than  400)  in  its  ranka ;  and  the  records  of  this  regiment  sb" 
that,  both  on  common  tro]>ical  service  and  on  mm-ehes  in  India,  the  teetAi 
were  more  healthy,  more  vigorous,  and  far  better  mildiers  than  tlioee  who 
not  abstain.g     The  experience  of  almost  every  hunter  in  India  ynU  be 
accordance  with  this. 

*  !  have  borrowed  Unrely  from  Gftrpeniar'i  sdniimbk  Estnf  on  Temp^iMioep  mud  lik  i 
writings,  and  also  from  Spencer  Thomson**  useful  work  tin  the  wm%  8aDj«et,  ««  woU  m  1 
many  other  writers. 

f  Some  Antic  voyagera^  howflver,  ore  stroogly  impreiwed  witli  the  value  of  nun  iwdir 
certain  circuniiitiiuc^s  (Admiral  Richarda),  The  experienc«  of  the  ejcpeditioxi  of  1871MI  ftiOV 
to  liiive  flhovvT)  that  it  was  partiany  luefiil  giTon  the  last  thing  at  night,  as  aaabliim  IIm  bm 
ta  get  olf  their  frosen  clolliiiig,  but  it  had  no  effect  in  warding  off  Bcvrry.  Bans  m^  tibMI 
alcohol  may  lye  imefiil  in  damp  and  cold,  because  the  tiaaue  change  ia  greater,  and  we  cas  tlmi 
moderate  it 

t  He  «aya  (Adjams' translation,  1807,  vo],  i  p.  219),  "at  firMt  we  iiDigiii«d  t^Ht  diinktm 
•trong  Uciuora  wonid  diffune  a  heat  throngh  tlie  body,  and  C'Ctn^ieijut^ntlv  render  it  leaa  anuilMf 
of  the  painful  aharpness  of  the  cold ;  but  to  our  suipriiie  we  hit  no  manner  of  atnnigtli  is  tlitBt 
Dorwere  they  any  ereater  preventative  against  the  cold  than  commnn  water," 

I  See  Carpenter^  Physiology  of  Temperance  for  full  details.    The  offloexi,  mho  hf  tteit 
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On  this  point  the  greatest  anny  sargeona  have  spoken  strongly  (Jackson 
!ly,  ami  Martin);  and  yet  eothmg  is  more  common,  even  at  the 
!  day,  than  to  hear  otticers,  both  in  India  and  the  West  Indiea^  assert 
fhai  the  elimAt4>  n?qiiirei3  al(!4>hoL  These  are  pneciaely  the  climates  whefe 
ilcohol  is  niost  hurtftiL* 

With  regard  to  iservice  and  exercise  in  the  tropics,  wo  liave  the  strong  teeti- 
mony  of  Kanahi  Martin  that  warm  tea  is  the  beat  beverage  ;  and  thii^  will  he 
t5orrobi3rate<i,  I  believe^  by  everj"  one  who  has  made  long  marehes,  or  hunting 
mnkiQa,  in  India,  and  has  carefully  obeerved  what  kind  of  tliet  be«t  suited 


To  dte  a  well-known  individual  instance  of  great  exertion  in  a  hot  climate^ 
iRijbert  Jackson  marched  118  mile^  in  Jamaica  carrjing  a  loail  »x|iiaI  to  a 
iBoldier^flf  and  decided  that  "  the  English  soldier  may  be  rendertHl  capable  of 
MtQg  through  the  severest  military  service  in  the  West  Indies  ;  and  that 
|H&.p«fiinoe  will  be  one  of  the  lieet  means  of  enabling  him  to  perf^irm  hia  duty 
Vftli  aafety  and  effect.  The  use  of  ardent  spirit*  is  not  ne4-eBsar}'  t«  enable  a 
]Btiiopean  t<3  umlei^o  the  fatigue  of  marching  in  a  elimat^i  whose  mean  tempera- 
tof^  is  from  73*  to  80*.     I  have  always  found  the  strongest  liquors  the  most 

Bodily  Labour, — A  small  quantity  of  alcohol  doe«  not  seem  to  produce 
talticb  effect,  bat  more  than  two  tiuid  ounces  manifestly  lessens  the  pi*wer  of 
•aatained  and  strong  muse tdar  work.  In  the  case  of  a  man  on  whom  1  ex|»eri- 
jnenteil,  4  fluid  ounces  of  bmndy  { =  1*8  lluid  ouncfls  of  absolute  altohol)  did 
Hot  apparently  affect  labour,  tliough  I  cannot  afhrm  it  did  mit  do  so  ;  but  4 
tiUTirMa^  more  given  after  four  hours,  when  thwni  must  luive  been  some  elimina- 
'  1  muscular  for^ie  ;  and  a  tliiid  4  ounces,  given  four  hours  after- 

ly  destrtiyed  the  power  i^f  work.  The  reason  was  evidently  two- 
pAiL  There  was,  in  the  Erst  jdace,  narcosis  and  blunting  of  the  nervous 
pEjmleDi — the  will  did  not  properly  aend  its  commands  to  the  muscles,  or  tho 
ftnusclea  did  not  respond  to  the  will ;  and  secondly,  the  action  of  the  heart  was 
loo  much  increased,  and  induced  palpitation  and  breathleasueas,  which  put  a 
piop  to  labour.  The  iuferencea  were,  that  even  any  ami:)uut  of  alcohol, 
^though  it  did  not  produce  symptoms  of  narcosis,  would  a*it  injuriously  by 
fncreosing  unnecessarily  the  action  oi  the  hearty  which  the  labour  alone  bad 
sufficiently  augmented*!  I  boHeve  these  experimente  are  in  accord  with  com- 
mon experience,  wliieh  shows  that  men  engaged  in  very  hard  laliour,  as  iron- 
addlers,  glass-blowers,  navvies  on  piece-work,  and  prize-fighters  dtiring  train- 
do  their  work  more  easily  without  alcohol. 


J  precept,  prodaced  this  grwit  effect  m  n.  re^'ment  in  India,  and  pmye<l  t!iat  men  are 

r  and Iwpfnrr  id  India  without  any  alcoholic  lieverasfe,  were  Li«ut-Co|onfl  Wtllington, 
{nom  G^tnil  Sir  Darid)  Ruiaell,   and   Lieut,    and   AdjntaQt  Seymour,  an    otMeisr 
I  greateat  promiae,  who  died  from  dyaeateTy,  continotcd  during  the  mutiny. 
[    •  Bull  hotd«  that  in  hot  cliinaten,  or  in  hot  wtmthur,  it  is  i>emidonS|  aa  mterfemg  with  th6 
|lMm<>  .  >.  .r..^*'   whioh  is  9lnia4lv  insuflicient. 

-^   '  utins;  on  auotncr  Ik^althy  man  I  ^anie  to  the  fallowing  LDterestinic  reattlt.     The 

■cuer  •  t  b«in|i;  uniform  during  a  ]>Bri(Kl  at  ten  dskySt  the  mi54ii  daily  puTie  (nine  Iwo- 

liourly  '  l^'fervationji)  was  7*l*ft5»  Sev'ero  exercin©  iielng  then  taken  dnring  another  period 
bpf  ten  dayi  for  two  hcmn  in  the  nrnrninx^  in  addition  to  what  had  previoiLsly  been  taken,  the 
tMllae  in  thoae  two  hours  waa  augmented  Id  beat8  per  minute  over  the  corresponding  periotl ; 
tt  foil,  bowever.  in  the  subseqaeni  houra  below  the  meui  of  the  correnpoading  |ierio<l,  na  that 
Hie  msaii  ptilse  of  the  day  was  70 '42  per  minute,  the  sune  oa  in  the  ten  d^jti*  period  before  the 
iddltioiial  exerciM.  The  beut,  in  fact,  completely  compenaated  Itself,  and  the  work  done 
hf  a  «M  the  aame  on  days  of  moderate  and  of  eevere  exerciae«  Now  akobol  would  have 
dfatairbed  ibis  a^jnattnent,  and  would  have  kept  the  heart  beating  more  rapidJy  than  it  ahnuld 
ilo.  The  eompeuMtioii  woidd  ncrt  have  bi-en  produced.  In  more  recent  ei^wnmenta.  In  whi'  h 
the  effecta  of  rum,  meat  extract^  and  ixtffee  were  ol»fiervedp  it  waa  found  that  marching  waa 
dcMM  IvMt  eaailf  with  ntmi,  the  stimulant  eiTe^t  pasAing  quirkly  ofl*,  and  leaving  the  man  leas 
bto  to  flalih  the  work  before  bim.  (On  the  lAaue  of  a  Spirit  Ration  tn  the  Aahanti  Camptt^. 
^    '       'B75). 
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In  the  exhaustion  following  great  fatigue,  alooliol  may  be  useful  or  hurtful 
according  to  circurastinces.  If  exertion  must  be  reavmied,  then  the  action  ol 
til fi  heart  cjm  ho  increased  by  al(u>hol  and  more  hlo<xl  sent  to  the  musclee ;  oi 
course,  this  mn&t  he  done  at  the  exi>Rnse  of  the  heart*8  nutrition,  but  ctrcum- 
stnucea  miiy  di-mand  tliis.  In  the  cast*  of  an  army,  for  examjile,  called  on  to 
engaj^e  the  enemy  after  a  fatiguing  march,  alcohol  might  he  invigorating.  Bal 
the  amount  must  h^  small,  Le,y  much  short  of  producing  narcosis  (not  moit 
than  i  thud  ounce  of  absohitff  alcohol),  and,  if  possible,  it  should  be  miied 
with  Liebig's  meat  extract,  whicli,  perliaps  on  aocouut  of  its  potash  salt^  hu 
a  gn*at  powf  r  of  removing  tlie  sense  of  fatigue. 

About  two  ounces  of  red  claret  wine  with  two  teiwpoonfuls  of  Liebig'a  «i- 
I  tract  imd  half  pint  of  water  is  a  very  reviving  draughty  and  if  it  oouM  b< 
issued  to  troops  exhausted  by  fatigue,  would  prove  a  most  useful  ally. 

Eut  when  renewed  exertion  Ls  not  necessary  it  would  appear  most  proper 
after  great  fatigue  to  let  the  heart  and  muacles  rtjcmit  themselves  by  rest ;  to 
give  digestible  food^  but  to  avoid  unnecessary  and  probably  hurtful  quickening 
of  the  heart  by  alcohoL 

Mmfal  Wfjrk. — In  spite  of  much  large  experience,  it  is  uncertain  wbe&K 
alcohol  rt>aliy  increases  mental  power.  The  brain  circulation  is  no  doubt  an^ 
meuted  in  rapidity  ;  the  nervous  tissues  must  receive  more  nutrimejit,  and  for 
a  time  must  wc»rk  mf»r^  strongly.  Ideas  and  images  may  be  more  plentifullj' 
produced,  hut  it  is  a  question  whether  the  power  of  clear,  consecutive,  and 
continuous  reasoning  is  not  always  lessened.  In  cases  of  great  exhaustion  of 
the  nervous  system,  as  when  fi>od  has  Iwen  withheld  for  many  hours  and  tht 
mind  begins  to  work  feebly,  alcohol  revives  mental  power  greatly,  pnjWWl 
frnm  the  augmented  circulation.  Bui,  on  the  whole,  it  seems  quoitioiialik 
whether  the  brain  finds  in  alcohol  a  food  which  by  itself  can  aid  in  lafilitil 
work. 

Defidencij  of  Foctd,--Wh^xi  there  is  want  of  food,  it  is  generally  considtawi 
that  alcohol  has  a  sustaining  force,  and  possibly  it  acts  pjirtly  by  keeping  up 
the  action  of  the  heart,  and  pivrtly  by  deadening  the  susceptibility  of  tk 
nerves.  It  was  formerly  stipposed  that  it  lessened  tissue-change,  and  Unn 
curtaUed  the  waste  of  the  body  ;  but  this  is  not  true  of  the  nitrogeoMi 
tissues,  and  is  not  yet  quite  certain  in  respect  of  the  carbon ac4K>iia.  It  mtm 
unlikely  that  alcohol  would  be  applied  differently  during  starvatioii  aoddmuig 
usual  feeding. 

Cases  are  recorded  in  which  persons  have  lived  for  long  periods  on 
nothing  hut  wine  and  spirits.     In  most  cases,  however,  some  food  haft 
taken,  and  so  me  times  more  than  was  supposed,  and  in  all  instances 
been  great  (juietude  of  mind  and  body.     It  seems  very  doubtful  wh< 
any  case  nothing  hut  alcohol  has  been  taken  ;  and,  in  fact,  we  may  fairly  tb- 
mand  more  exact  data  before  weight  can  be  given  to  this  statement. 

The  Exposures  and  Er^'iiwm  of  War, — On  this  point,  also,  there  isoofr 
siderable  unanimity  of  opinion.     The  greatest  fatigues,  both  in  hot  and 
climates,  Imve  been  well  home — have  been,  indeed,  best  borne — by  men 
took  no  alcohol  in  any  shaj>e^  and  some  instances  may  he  quoted. 

In  the  American  War  of  Independence  in  1783,  Lord  Comwallia  miiiki 
march  of  over  2000  miles  in  Yirginio,  under  the  most  trying  circmnBlailOM  of 
exposure  to  cold  and  wet ;  yet  the  men  were  r*?raarkably  healthy,  and  iraw 
the  causes  for  this  health,  Chishohn  atates  that  the  necessary  abstinenoe 
strong  Hquom  was  one. 

In  179i-95  occurred  the  Maroon  war  in  Jamaica,  where  almost  for  the 
time  in  West  Indian  warfare  the  troops  weiT  remarkably  healthy,  though 
campaign  was  very  arduous,  and  in  the  rainy  season,  and  there  w&tm  no  tuiita 
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iTIie  perfe^  health  of  the  troopa  may  partly  have  been  owing  to  the  climate 
of  the  hilb  (2000  feet  above  the  aea),  but  it  wa**  cliietly  attril^ut^ul  to  the  fact 
that  the  m*^n  cmild  obtain  no  spirits  or  alcoholic  liquid  of  oiiy  kind 

In  1800,  an  English  anny  proceeding  from  India  to  Egypt,  to  join  8ir  I^ilph 

I  Abcrcromby,  marched  across  the  desert,  from  Kossier  on  the  Ked  Sea,  and 

1  desoexideil  the  Kile  for  400  miles.     SirJamt^i?  M*Grigor*savs  that  the  fatigue 

in  this  march  has  perhaps  never  been  oxcooded  by  any  army,  and  goes  on  to 

remark — 

••  W«  reeeived  rtill  farther  confinnation  of  the  very  great  influence  which  intemjiprance 
1  haR  ttn  n  «^iT««  of  diaeajie.     We  had  dt'motiAtmtioii  hnw  vtry  little  spiriU  urn  required  in 
%h'  tci  enable  a  soldier  to  bear  Tatij^e,  and  bow  necessary  a  regular  diet  ia. 

iM,  and  on  the  Toya^  down  the  Nile  (on  account  of  the  dii!i<  ultiea  of  at 
first  cu^rviiiiu;  it  across  the  desert,  the  men  had  no  .HjnriU  delivered  out  to  them,  and  1 
atn  coartaoed  that  from  this  not  only  did  they  not  suffer,  but  tliat  it  oven  contnlintid 
to  the  aaoofnmon  dejt^ee  of  health  which  they  at  this  time  enjoyed.  From  two  boats  the 
toMiera  o&e  d<iy  fitmyt^d  into  a  villafm,  where  the  Araba  gave  ihtmi  as  much  of  the  spirit 
wbich  they  diJtil  from  the  juice  of  the  date-tre^s  as  induced  a  kind  of  furiouu  delirium. 
It  w«t  remarkL^  that,  for  three  tnoathi  after,  a  consideriible  number  of  theao  men  wef« 
m  the  boepitaLs.** 

'      Dr  Mann^t  one  of  the  few  American  surgeons  in  the  war  of  1813-14  who 
I  hare  left  any  account  of  that  contest,  thus  writes  : — 

*•  My  opiaiim  has  long  been  that  ardent  spirita  are  an  unnecessary  part  of  a  ration. 
Examples  may  be  furnished  to  demonstrate  that  ardent  spirits  are  a  uselesH  part  of  a 
schldiers  ratioQ.  At  those  i^enoda  during  the  revolutionary  war,  when  the  army  received 
no  pay  for  their  services,  and  poascsaetl  not  the  meana  to  procore  spirits,  it  was  healthy. 
The  4tli  Maasachiisetls  Regiment,  at  that  eventful  period  when  I  was  tlie  surgeon,  lost 

.  in  Ihne  3reara  by  sickneaa  not  more  than  live  or  six  m^-n.  It  was  at  a  time  when  the 
array  wis  destitute  of  money.  During  the  winter  1779-SO  there  was  only  one  occurrence 
of  fevtr  in  the  regiment,  and  that  was  a  pneumonia  of  a  mlM  form.  It  was  observable 
in  th«f  \w^  war,  frwo  December  1811  to  April  1816,  the  soldiers  at  Hlatyibnrgh  were  not 
attacked  with  ferers  a»  they  had  been  the  preceding  winters.     The  troops  during  this 

I  period  wwe  not  paid — a  fortunate  circumstance  to  the  army,  arising  from  want  of  funds. 
This  enbatTMsmeiit,  which  was  coiiitidered  a  national  ctdnmity,  proved  a  blir^ing  to  the 

I  nldier.     Wben  he  is  foand  poor  in  money,  it  h  always  the  case  that  he  abounds  in 

I  Iwilth-Hi  fact  worth  recording.** 

Xo  testimony  can  be  Btronger  than  that  given  bv  the  late  Inspector-General 
Sir  John  Hall,  KCB.     He  say<  :— 

*•  My  opinion  is,  that  neither  spirit,  wine,  nor  malt  liquor  is  nooesaary  for  be^ilth.  The 
bsalthMit  *nny  I  ever  served  with  had  not  a  single  drop  of  any  of  them  ;  and  although 
it  WM  exposed  to  all  the  haj\bihi[)S  of  KalHr  warfare  at  the  Cape  of  Good  Ho]»e,  in  wet  and 
Lm Ismmt  weather,  without  tents  or  shelter  of  any  kind,  the  Dickdi^t  selaom  exceeded 
Obe  per  cent* ;  and  this  coatinoed  not  only  throughout  the  whole  of  the  active  operations 
ia  the  fiehl  daring  the  campaign,  but  after  the  men  were  coliected  in  »ta titling  ca^mpfi  at 
its  ieitaiiuLtion  :  and  this  favourable  state  of  things  continued  until  the  t^rrnination  of 
llie  war.  Bat  imme^liatidy  the  men  were  again  cjuartered  in  town»  and  ^xed  posta,  where 
they  had  free  access  to  spirita,  an  inferior  species  of  brandy  sold  there,  technically 
csUbd  *  Gape  Smoke,*  nnmerous  complaints  mtuLe  their  api»earance  among  them. 

**  lo  Kamaris  the  troops  were  so  placed  that  they  had  no  mea^s  of  obtaining  liqaor  of 
my  kind ;  sad  all  attempts  of  the  *  Winklers'  to  infrin^  the  fiotice  regulations  wens 
as  Mflnaarily  and  heavily  punished  by  fines  and  expulsion,  that  the  illicit  trade  wia 
efEsetnally  suppressed  by  Colonel  Mackinnon,  the  Commandant  of  Britiiih  Kaffraria ;  and 
the  cotiJie}aence  was,  that  drunkenness,  disejise,  crime,  and  insubordination  were 
octoown ;  and  yet  that  army  was  frec|uently  placed  in  the  very  portion  that  the 
advocates  for  the  i^tut  of  snirits  would  have  said  required  a  dram. 

**8naU  sa  the  amount  oi  tickneis  and  mortahty  was  in  the  Crimea,  during  the  winter 
18&5-S^,  they  would  have  been  reduced  one-half,  1  am  quite  sure,  could  the  rule  that 
^  '-m  ohserved  in  Kaffirland  have  been  enforced  there." 


*  Medical  Sketches  of  the  Expedition  to  Egypt,  p.  1(K 

t  Hamilton,  BliliUry  Snrcery*  p.  flL 

%  Msdieai  History  of  the  War  in  the  Crimea,  vol.  L  p. 
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In  the  same  Kaffir  war  (1852),  a  march  was  made  by  200 
Graham's  Town  t^j  Etaomfroutheiti^  and  back;  1000  miled  were  OQifmdi 
aeventy-one  days,  or  at  the  rate  of  nearly  1 5  miles  daily ;  the  men  ^ 
naked,  were  exposed  to  great  variations  of  tetnix^mture  (excessive  bwl  i 
day  ;  while  at  night  water  froze  in  a  hell-tt^nt,  with  twenty-one  men  j 
in  it)  ;  and  got  as  rations  only  biscuit  (meat  1^  H'),  and  what  game  they  codd 
kilL  For  drink  they  had  nothing  but  water.  Vet  this  rapid  and  UbockiQi 
march  wa«  not  only  perff>rrued  easily,  hut  the  men  were  "  more  healthy  Um 
they  had  had  taver  been  In^foro  ;  and  after  the  ftrst  few  days,  ceased  to  otfv 
about  spirits.  No  man  was  sick  till  the  end  of  the  march,  when  two  men  got 
dysentery,  and  these  were  the  only  two  who  had  the  chance  of  getlaiig  tsny 
liquor." 

In  the  last  ^"ew  Zealand  war,  Br  KeiU  (Staff  Assistant^urgeon)  found  that 
the  troops  marched  better,  even  when  exjjosed  to  wet  and  cold,  when  no 
spirits  were  issued,  than  when  there  w^as  a  spirit  ration. 

In  the  late  expedition  to  the  Eed  Biyer,  mider  Sir  Garnet  Wolseley,  m 
alcoholic  liquid  wjis  issued.  Two  accounts  of  this  remarkable  march  havie 
been  published — one  hy  Captain  Huyshe,*  and  the  other  by  an  officer  who 
wrote  an  interesting  accoimt  of  the  march  in  Blackwood^ a  Ma^tmne^f  Giplrai 
Huyshe  says  :~ 

*'  Although  it  was  an  unheard'Or  thing  to  send  off  an  expedition  into  a  wildenMM  £or 
five  month  without  any  apirita,  Ktill  a&  the  buckwoodiitiiau  waa  «ble  to  do  hanl  vmi 
without  Apiritft,  it  was  rightly  thought  that  the  BntiBli  soldiers  could  do  the  sftme.  Tlu 
meo  were  allowed  a  large  daily  ration  of  tea,  1  oz.  per  man — practically  as  miii:2i  ai  thtj 
could  drink  ;  aud,  aa  I  aui  now  on  this  subject  of  bohea  versus  grog,  1  may  as  wiUilatt 
that  the  experimont  w&s  mostiiuccessful.  The  men  of  no  previous  expeditioii  lyiifttw 
l>een  called  upon  to  perform  harder  or  more  contiiiuouB  labour  for  over  loar  m^mthB  .  » , 
They  were  alwraya  cheery,  and  worked  with  a  zealous  will  that  could  not  be  mrpMMd. 
This  «ix:pedition  would  have  been  a  bright  era  in  our  military  annala  had  il  bo  othff 
result  than  that  of  proving  the  fallacy  hitht^lo  believed  in  of  the  u^ceaaity  of  profidiai 
onr  men  when  in  the  field  with  Intoxicating  liquors." 

The  writer  in  Blackwooffs  Magazine  says  : — 

**  The  men  we^e  pictures  of  good  health  and  aoldier-like  condition  whtlat  stationed  it 
Prince  Arthur's  Landing  and  thfi  other  larger  camps.  The  men  had  fresh  meftt,  fctM^ 
and  jKjtatoea  ever>'  day.  No  8|iirits  were  allowed  throughout  the  joarnej  to  Fort  Gany, 
but  all  ranks  bad  daily  a  large  ration  of  tea.  Thia  was  one  of  the  very  few  militaij  ei- 
peditiona  ever  undertaken  by  English  troops  wAiere  intoxicating  liqnom  fonned  no  {«fl 
of  the  daily  ration.  It  wna  an  experiment  based  upon  the  practice  common  in  finarti^ 
where  the  lumbeniien,  m-ho  apcnd  the  whole  vrinter  \u  the  backwoodfl,  employ^  apoD  tk 
hardest  labour,  and  exposed  to  a  freezing  tempemture,  are  allowed  uo  apirite,  bttt  km 
an  unlimited  quantity  of  tea.  Our  old-lkshiunf^d  generala  accept,  without  anj  iltiB|C 
to  question  its  truth,  the  traditionid  theory  of  rum  being  essential  to  kee^p  vm  hA^^ 
soldier  in  health  and  humour.  Let  ua  bo|>e  that  the  experience  we  ha^e  aoqtiivsd  dnriflg 
the  Red  Biver  expedition  may  have  buried  for  ever  this  old-fogyiah  sopentituxi.  TBivm 
have  the  iioldiers  of  any  nation  been  cdled  upon  to  perform  more  aooeasuigly  hsa^  verit ; 
and  it  may  be  confidently  assitrted  without  dread  of  contradiction,  that  no  Tiiim  hsn 
ever  been  more  cheerful  or  better  behaved  in  every  respect.  No  spirit  ration  metts  M 
crime ;  and  even  the  doctors  who  anticijiat^id  serious  iOneas  from  the  abMSicft  of  IJOO^, 
will  allow  that  no  troops  liave  ever  tii^en  healthier  than  they  were  from  tbe  i^^ft^^ 
to  the  end  of  the  operation.  With  the  exception  of  slii^bt  cases  of  diarrili^%  w¥fi% 
^m  4^hange  of  diet,  it  may  be  said  that  sickncHs  was  unknown  amon(|it  ni.*' 

Sir  Garnet  Wolseley,  who  commanded  in  this  remarkable  expeditfon,  qwdo 
("  Soldiers'  Pocket  13ook/'  2d  edition,  p,  172)  very  strongly  agwial  Hm  ratt 
ration,  and  says  that,  by  BuljBtituting  tea  for  mm,  the  health  and  efficuMT  d 
the  men  are  incroa»e*l,  **  thi  ir  ili8cipliu3  will  improve  as  their  moml  tooeii 
raised,  engendering  a  manly  cheeifulness  that  dpint-drinking  armias  knoir 
nothing  of." 


♦  Journal,  United  Sorvioe  Institution,  1871,  voL  Jcv.  p.  li, 
t  January  1871,  p.  64. 
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In  tli«  Aahaatt  eampaign  of  1874  obfier\'ationfl  wen?  carefully  recorded  bj 
several  offioers,  much  of  the  infornmtioa  obtained  being  givtin  in  the  book 
••On  ibe  Imiie  of  a  Spirit  Ration  dtiriog  the  Ashanti  Cainimign  of  1874  ** 
(Parkefl)*  The  conclusions  arrived  at  vere — 1.  That  aljstinonco  did  not 
ftobder  iboae  who  abstained  more  eickly  as  a  whole  or  more  liable  to  malarioua 
fevtff ;  nor  did  it  interfere  with  their  powers  of  marrhiiig,  2,  The  iaa^io  of 
m  mticm  of  niui  seemetl  to  do  good  when  given  at  the  end  of  the  day  Iw^fore 
going  to  n*€t.  3.  lliat  the  quantity  (2  J  oz.)  was  amply  suiiicieiit.  On  the 
irbol#*  the  n^j*£.v(iti/  for  the  ration  w/ts  by  no  means  proved,  although  some 
offioeint  returned  rather  shaken  in  their  previoua  belief  that  alcohol  Wiis 
•baohil^ljr  tomeoesaary  in  a  miltt4ir}'  expedition. 

In  aiegea^  which  are  perhaps  more  trying  to  men  ihini  campaigning  in  the 
opott  field,  the  advantage  of  ti?mi>orance  has,  on  twu  uccasiijuft,  lit^en  very 
iMmAeA,  In  the  great  siege  of  tribraltar,  iSir  George  Eliott,  who  waa  a 
Imiiliillcir,  enforced  the  most  rigid  temperance,  and  the  long  and  anluous 
l4'^bKie  was  passed  through  with  remarkably  httle  sickness.  At  the  siege 
Ottlabad,  in  Affghaniistan,  the  **  illm^trious  gamBon  "  were  quite  deatitute 
or  ad  alnaholjc  hquors ;  and,  to  the  a8t<jnishment  of  the  officers,  the  Eiiropeana 
Otfir  hud  been  ^i  healthy,  cheerful,  martial,  and  enduring,  and  free  from  crime. 
Paring  the  Indian  mutiny  many  regiments  were  debarred  from  spirits  for  a 
long  ttni€^  &nd  were  much  heaitliier  than  when  they  got  them. 

In  fact,  it  may  be  confidently  asserted  that  in  war,  spirits  especially,  and 
Indeed  all  alcoholic  liquors,  are  better  avoided  ;  and  the  phmae  of  an  American 
atmjr  surgeon  in  the  late  civil  war,  who  noticed  how  great  was  the  improve- 
Ql6Qt  whftn  spirit  prohibition  was  enforced,  is  fully  justified  by  our  own 
r  tp*  nen*» — "  The  curse  of  an  army  is  intoxicating  liquors  ;  the  sjiirit  ration 
is  the  gresat  aource  of  all  this  mischief," 

Wban  debarred  from  spirits  and  fennented  Uquids,  men  are  not  only  better 
beSiaved,  hut  are  far  more  cheerful,  are  less  irritable,  and  endure  better  the 
liafiiabi|)a  and  perils  of  war.  The  courage  and  endurance  of  a  drunkard  are 
alwmyv  lasKoed  ;  but  in  a  degree  far  short  of  drunkenness,  a{)irit«  lower,  while 
iempenyiee  miaefi,  the  boldnese  and  cheerfulness  of  spirit  which  a  true  soldier 
abooU  pcMBesB.* 


*  Tht  ciwtooi  ofgiTinii  raliona  of  ipirtta  to  soldiers  and  aoilom  leven  now  not  altogetlier  di«- 
cofoSiiiiieiy,  wi«  0116  of  tllow  mcrerlibfe  mitUtkes  which  are  only  m&d«  worse  by  tU«  explatifrtloo 
that  it  WM  dame  to  pl«»M  the  men,  and  cover  neglect  in  other  ways.  If  any  one  wi*hes  to 
*  '  ottr  mnaj  wu  in  former  clays,  and  how  oar  dreadfuJ  military  regalattona  niarle  ra«n 
>  in  «!pft*  of  theTn«e!vps,  I  may  refer  them  to  an  old  Peniu8tUiLr  8iuw)n*s  (William 
rifl  of  a  Professional  Life  d84^).  **  During  tne  lo*t  war"  (he 
leri  apneared  to  live  for  the  purpose  of  gettiug  drunk  ;  with 
le  of  tiieir  creed— the  chief  end  of  life.  »  .  .  ,  'Grog,  gri-ig/ 
N  it  were,  foToed  down  the  throats  of  the  innocent  ue^To  h<»y 
We  seemed  to  believe  that  the  term  etqtta  riUf  wa»  it«  tni*? 
ii  iitt^ir  what  the  nge,  the  colonr,  the  country,  or  the 
Ilia  wen^  the  soberest  rif  mankind.  They  liked 
...  ;  Hxl,  but  that  woiilil  not  {l*  for  u«.    We  actimliy 

I  ndie«  and  gave  it  theru  ;  anrl  at  the  battle  of  Biisaco,  I  aaw  a  party 


Town  Wi:.-" 

tferthenini  ' 
ailvnluiKl  they  urt 


n  AS  the  mm  ration  wa*  s«r\ed,  as  if  they  ha*l  tieen  ponseistd  by 
'  by  a  dcrd  in  the  shape  of  alcohol)  draw  their  awordt 


■l4  Igbt  with  i>ue  another,  when  adtiAlly  nnder  the  tire  of  the  enemv"  {p.  85), 

B/$  taUm  nans«Tou«  most  UiD«iitable  facU,  and  well  concludes  that  "our  canteen  svatem 
wfll  fa  after  ttmei  bt  viawad  with  horror  and  astoniahment,  at  its  folly,  oorruptioa,  and  wicked- 


I  do  ik4  tftfiall  iheae  opinions  without  a  motive.  There  is  too  maeh  leaaon  t<>  fear  that  ninar 
^OMra  «LiU  believe  that  toidiara  miist  have  spirits.  Ferguaaon  wp  that  **  the  exceeding  viil> 
Mrttyofthe  i^r^-iudire  thatanknrt  apirita  impart  strength  and  vigour  to  the  hnman  frame  ta 
SMWaftil  '  '  ^^n  t*'  and  yet  thtA  belief  i4  still  actually  held  by  many  persons  in 

t<fclltt)  ^(  ^hc  arni>%  drinking  is  the  gre;it  source  of  all  crime  and  in»ubortlina- 

tfan  ;  alUiou^ri  evrti  mthin  the  last  twenty  yearn  we  have  hmlone  if  not  more  instjinces  that* 
'    '       «o  aaaatdtf  men  will  sacnfioe  anytbiog,  even  their  honour,  to  obtain  apiiita ; 


SOS 
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and  mit,   j 


Looking  back  to  this  evidence,  it  may  be  aflked,  Are  tbere  any  circu 
of  the  soldier's  life  in  which  the  issue  of  spirits  is  advisable,  mid  if  tht^  «|i| 
tion  at  any  time  lies  between  the  iaaue  of  spirits  and  total  abstinence,  wli 
h  the  beat  1 

To  me  there  seems  but  one  answer.  If  spirits  neither  give  stTength  to  Uk 
body,  nor  sustain  it  against  disease — are  not  protective  against  cold  and  WBt» 
and  aggravate  rather  than  mitigate  the  effects  of  heat— if  their  use  i 
niodcmtion  increase  crime,  injure  discipline,  and  impair  hope  and  « 
ness — if  the  severest  trials  of  war  have  been  not  merely  borne,  but  most « 
borne,  without  them— if  there  ia  no  evidence  that  they  are  prot€»ctive  agaiiMi 
nifdaria  or  other  diseases — then  I  conceive  the  medical  officer  will  not  h 
justified  in  sanctioning  their  issue  under  any  circumstances. 

The  terrible  system  which  in  the  Kist  and  West  Imliea  made  moL 
drunkards  in  «ipite  of  theuiselvea,  and  which  by  the  issue  of  the  momiof 
dram  did  more  than  anything  else  to  shatter  the  constitutiona  of  the  yotma 
soldiery  is  BOW  becoming  a  thing  of  the  past.  Bitt  the  soldier  is  itiU 
jjermitted  to  get  spirits  too  easily,  imd  m  t^io  ignorant  of  their  fatal  influence 
on  bis  health.  Still  the  British  army  be^irs  the  unhappy  character  of  tin 
niOBt  intemperate  army  in  Eurojm,  and  it  is  certain  tiiat  its  momenta  U 
misconduct  and  misfortune  have  Ijeen  too  frequently  caused  by  the  unr^tnuA- 
able  piission  for  drink.  Bemembering  all  these  thingSj  and  how  ceitninly  i& 
has  been  prove<l  that  drunkenness  increase4J  the  spread  of  syphilis,  it  is' 
too  much  to  say  that  the  repiieasion  of  this  vice  should  he  one  of  the 
duties  of  every  officer  in  the  army.  Moderation  should  be  ciic»>uiaged  1 
l»iHTept  and  example  ;  wljoleaome  beer  and  light  wine  should  be  inva 
suh^tituted  for  spirits,  and  if  these  cannot  be  procun^l,  it  may  safely  be  mi 
that  the  use  of  tea,  cotfee^  or  simplo  water  is  preferable  to  spirits  undur  all 
circumstances  of  the  soldier  s  life. 

Reaj'dunce  fo  DlMaine, — MaJaria, — ^There  are  instances  for  and  ogniDit  tlw 
view  that  spirits  are  nsefn!  against  malariiL  On  both  sides  the  eviilanrv  '» 
defective  ;  but  there  are  so  many  cases  in  which  persons  have  been  aUickid 
with  malarious  disease  who  took  sjjirita,  that  it  is  impossible  to  oooaidarlliv 
preventive  powers  great,  even  if  they  exist  at  alL  On  the  other  Imnd,  vlmi 
teetotallera  have  eseaj*bd  malaria  (as  in  the  instance  recorde<l  by  Drake;/ 
there  have  been  other  circumstances,  such  as  more  abundant  food  and  Wtlier 
lod^fing,  which  wiE  explain  their  exemption.  The  probability  is,  that  tht 
reception  and  action  of  malaria  ai^  not  influenced  hy  the  present!*^  or  alj«elK» 
of  alcohol  in  the  blood,  unless  the  amount  of  alcohol  is  so  great  as  to  lisMcft 
the  amount  of  food  taken. 

y'f'ilow  Ff'ver. — It  is  a  general  opinion  in  New  Orleans  and  Mobile  that  Ui» 
victims  of  yeUow  fever  are  chiefly  those  who  drink  freely  (Drnke),  B* 
old  West  Indian  e.x]x?rience  is  to  the  same  effect 

Cholern, — Intemperance^  per  «(\  hiia  no  iuHuouce,  and  teetotalism  doea  OQl 
guard  against  cholera.  When  a  regiment  is  attacked  with  cholera,  and  \h»mm 
take  to  drinking,  a  numlier  of  iweudo-cas^is  o^me  into  hospital  of  vomilingaiid 


lUhough  the  b«»t  ofBcera  know  tbat  thin  \m  tbe  one  point  on  which  they  cnuiot  d«p«iid  iss  tlHr 
TDen,  ftr  too  little  haft  heen  clone  to  make  our  army  ienii)«rate.  t  do  Dot  in«i*ii  to  mj  HhI 
nothing  has  been  clone  ;  on  the  contrary,  in  thifi,  as  in  all  tniugs,  progT*j»»  hoa  b««ii  omcIc,  h«| 
the  meiwnrwi  are  not  milfieient  to  control  su  evil  ao  gigantic.  It  is  the  wune  thing  in  cWl  Vlhi 
there  is  no  question  that  more  di^Me  is,  dJrectlj  and  indirectly,  produced  by  iTiiiiiloiw 
tlun  by  any  other  ciiiue«  and  that  tht  monil  ai  wall  as  the  iihysicol  evil*  proccediiiff  Aqoi  ||«i 
beyond  aU  reckoning ;  and  yet  the  attetii|itt  of  the  Legislature  to  set  som«  bomids  £»  fa^f^^^ 
anoe  hare  been  and  are  opposed  with  a  bittemett  which  could  oaly  be  jnstifted  if  tbt  iliiT»> 
datioQ  and  not  the  intprovenient  of  mankind  was  desired.  '  "" 

*  On  the  In  tenor  Valley  of  North  America.  ^ 
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Munpai  wMch  are  often  returned  as  cholera,  but  I  belieTe  ihej  aeldom  if  ever 
pMS  into  true  chulenw 

Dyitmirry, — ^It  ha^  been  supposed,  from  some  statisfcics  for  1847,  published 
in  the  Fori  Gtorge  GeaettCy  that  teetotellers  were  inon3  subject  to  dysentery, 
h^'  *^  rpc>r  was  committed  of  not  estimating  sufficieatlj  the  iriflupnco  of  a 
J  station    (Secunderabad),  where  it   is   so  happeued  a    number  of 

tCMjujUkUiTi  were  stationed  during  an  outbreak  of  dj^sentery.  The  conditiona 
cf  llw  0tata0n  were  to  blame,  not  the  habits  of  the  men. 

In  none  of  the  conditions  now  enumerated  is  there  any  evidence  that 
jdcuhol  is  deaiiabK 

Ckmdudon  a#  to  the  Um  of  Alcohol. 

The  l^ts  now  stated  make  it  difficult  to  avoid  thi?  conchigion  that  the 
di^tekac  Talue  of  alcohol  has  been  much  over  rated.  It  dom  not  appear  to  me 
ponible  at  prt«ent  to  condemn  alcohol  alk^gether  as  au  article  of  diet  in 
ILeallh  ;  or  to  prove  that  it  is  invariably  hurtful^  as  some  have  attempted  to 
dOb  It  producer  efiec'ts  which  ai^  often  useful  in  disease  and  sometimes 
dasinhle  in  health,  but  in  bt^alth  it  is  certainly  not  a  necessity,  and  many 
ptsnotw  arw  much  better  without  it  As  now  used  bj  mankind,  it  is  infinitely 
mam  powerful  for  e\'il  than  for  good  \  and  though  it  can  hardly  be  imagined 
that  ite  dietetic  use  will  C4)ase  in  our  time^  yet  a  clearer  view  of  its  eifibcts 
must  stmtly  lead  to  a  lessening  of  the  excessive  use  which  now  prevails.  As 
%  matter  of  public  healtli,  it  is  most  important  tlmt  the  medictd  profession 
•faoald  thrcfw  its  great  iniuence  into  the  scale  of  moderation  ;  should  explain 
Ik  limit  of  the  useful  power,  and  show  how  easily  the  Mul^  is  passed  wMch 
etsam  us  from  the  region  of  safety  into  danger,  when  alcohol  is  token  as  a 
eommim  iirtiele  of  food** 

Diddic  ITite  of  Alcoholic  Bevera/jm, 

in  llie  previoas  remarks,  the  eSect  of  alcohol  oidy  has  been  discussed,  but 
boor  9tA  wine  contain  other  substances  besides  filcohot. 

In  wine  there  are  some  albuminous  sul>Btancea,  much  sugar  (in  some  wines), 
And  other  carbo-hydmtes,  aud  abundant  salts.  Whether  it  is  that  the  amount 
of  aleohol  IS  small,  or  whether  the  alcohol  be  itself,  in  some  way,  different 
igom  Ibal  pvepoied  by  dii^tiilatioa,t  or  whether  the  coexistence  of  carbo- 
lurdntei  and  of  salts  mtiKiilies  it^  action,  certain  it  is  that  the  moiiemte  use 
Of  vine,  which  is  not  too  rich  in  alcohol,  does  not  seem  to  lend  to  those 
ptofomid  alterations  of  the  molecular  constitution  of  organs  whi^h  follow  the 
use  <d  apbita,  even  when  not  taken  largely.  Cc^nsidering  the  large  amounts 
of  T^geiahl»  salts  which  most  wines  contain,  it  may  reasonably  Ise  supposiid 
that  they  play  no  unimportant  part  in  gi\ing  dietelic  value  Uy  wine.  Indeed, 
it  ts  f|mle  certain  that,  in  one  point  of  view,  they  an?  most  valuable ;  they  are 
kl^ljr  anti-soorbuticY  and  the  arguments  of  Liml  and  Gillespie,  for  the 
of  red  wine  into  the  royal  navy  instead  of  spirit-a,  have  been 
'  justified  in  our  own  time  by  both  Fi^ench  and  English  experience. 


*  k  pval  6fil  i*|70wiii(r  up  io  IqiUa,  which  now  cottld  b«  chci*k«d,  bat  which  me  shAlI  b« 
|WiImm  ta  mtcA  in  i  few  ypftra.  Th«  Hindoos^  formerly  tbf^  mott  temperate  of  tam&,  afo 
lifM^  bceonUag  uldtcted  to  drink.  This  is  sud  to  be  P&rtly  owiua  to  the  iwiilntioTi!«  of  the 
QovtnUMQl  pcnaJUIiiK,  and  even  cncourftgJTiff  the  sale  of  sptritit,  nJtiiou|{h  tlie  al'  '  '  '  .t^ 
ten  no  MTtivf  flic  oraiiiAry  fcMxi  of  tbe  jwople,  and  thonefore  their  pr*jbibitinii  i  ^  ; 

sodfaftlf  from  tbt  bad  example  of  the  Eoropaiuks  in  Itnlia,  who,  as  the  doDiin  ire 

Iwm— iii|_  moT*  and  mare  tbe  itatiotia  whom  they  control.  It  leema  a  matter  which  our  statee- 
BMA  Aaf  well  took  into,  for  it  involve*  the  bappioeas  of  many  national 

t  TbidkhitiR  and  Duiir^  could  not,  however^  trmc«  any  dilTemiee  between  the  alcohol  in 
I  sad  that  dtiired  mim  other  sources. 


308 


KOX-ALCOHOLIC  BEVERAGES. 


Tt  \n  now  certain  that  with  the  same  diet,  but  pving  in  one  caae  red  wiiHv^ 
antithyr  rmn,  the  persona  on  the  hotter  system  \vill  become  scorlnitii!  la 
k'fniv  those  who  take  the  wine.     Tliis  is  a  most  important  fact^  antl 
campaign  the  issue  of  red  wines  shtniid  never  be  omitted*     The  ether*  i 
also  b«  iraport^int  if,  as  indicated  by  Bernard,  and  recently  pointed  out  br] 
B.   Forster  {lint.   Mrd.   Joarnnl,   Nov,   1868),  thej  exch«  the  flow  of 
pancreatic  secretion^  and  thereby  promote  the  absorption  of  fat. 

In  bet^r,  there  appear  to  be  four  ingre«lientfl  of  importance,  viz.,  lb 
extractive  matters  and  augiir,  the  bitter  matters,  the  free  acid^  and  the  aloollaL 
The  firsts  no  doubt,  are  carbo-hyd ratios,  and  play  the  same  part  in  the  ststen 
m  starch  and  sugar,  appropriating  the  oxygen,  and  saving  fat  and  albamitiakt 
from  destruction.  Hence,  one  cause  oi  the  t<3ndency  of  persons  who  dnnk 
nuiL'h  beer  to  get  fat.  The  lntt^_n*  mutters  are  8upf>08ed  to  be  stomachic  tnJ 
tonic ;  though  it  may  be  i|ue^tifmeil  wh^4her  we  have  not  ^one  too  far  in  tjui 
direction,  as  many  of  the  high(*Rt-pnced  beers  contain  now  little  eli«?  tbib 
alcohol  and  hitter  extnict.  Tlie  action  of  the  free  acids  is  not  known ;  lint 
their  amount  is  not  inconsiderable ;  and  they  are  mostly  of  the  kind  wlwci 
form  carbonates  in  the  system,  and  which  mem  to  play  so  useful  a  jiart^ 
salt^,  especially  potassium  and  magin^^itim  phosphates,  are  in  largo  amniintl 

It  is  evident  that  in  beer  we  have  a  beverage  which  can  answer 
purposes — viz.,  can  give  a  supjily  of  carho-hydratr^s,  of  acid,  of  importimt  i     _ 
and  of  a  bitter   tonic  (if  such  be  net'ded)    independent  of  its  alcohol,  W 
whether  it  is  not  a  veryexpensivi.^  way  of  giving  these  suhstane^^  is  a  qaesli^iik 

In  moderation,  it  is  no  doubt  well  adapted  to  aid  digi^ation,  and  to  InMO 
to  some  extent  elimination  of  fat.     It  may  be  inforrc»d  that  beer 
an  increase  of  weight  of  the  body,  by  increasing  the  amount  of  fcKni 
and  by  slightly  lessening  metamorphosis;   and  general  exj>erience 
those  inferences*     When  taken  in  excess,  it  seems  to  give  rise  to  gouty  i 
tions  more  rea^lily  even  than  wine. 

In  spirits,  alcohol  is  the  main  ingredient,  chiefly  in  the  form  of  eihyl-^cohol 
though  there  are  small  amounts  of  propyl-,  butyl-,  and  in  some  cttMea  majV 
alcohols.     In  addition,  there  are  sometimes  small  quantities  of  ether ;  Ami  ift 
some  cfisos,  essentiid  oils  (tm  apiiarently  in  absinthe,  and  in  one  ki 
brandy),  which  htive  a  powerful  action  on  the  nerves.     But  spirir  - 
most  part,  merely  flavoured  alcohol,  and  do  not  contain  the  ii 
give  dietetic  value  to  wine  and  !>eer.     They  are  also  more  dm: 
it    is   so  easy  to  take  them  uuililutcd,  and  thus  to  incD^ase  thfl  vh 
ilaraagiiig  the  structure  and  nutrition  of  the  albuminous  structure's  wit!, 
they  come  first  in  contact     There  is  every  rt^^son.  therefore,  to  di 
use  of  spirits,  and  to  let  beer  and  wines,  with  moderate  alcoholic  ] 
their  i>lace. 

SECTION  II. 

NON-ALCOHOLIC  BEVERAGES. 

SUB-S»CTI0K  L — COFFSK, 

TJnroagted  coffee  contains  much  cellulose  (Z4  per  cent),  fat  (In  to 

cent.),  sugar  and  dextrin,  and  veget^ible  aciil  (15*5),  and  legumiu  (10  per  i     

There  is  also  a  solid  acid,  aromatic  oil  in  small  quantities,  catfein,  and  nA^  tfi 
c!iief  ing^^redients  of  which  are  potash  and  phosphoric  acid.  The  tolitl  mmooiil 
of  catfein  (free  and  combined),  according  to  Payen,  is  about  1  •736  p^*  ecoi ; 
but  this  is  more  than  other  observers  have  foun^L  In  roasted  ooffoe  b^fntf 
the  average  of  Bo utron  and  Bobiquet  a  analyses  gives  *238  per  eeaL  of  ciffcii 
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ibilwii*  hm  given  the  amount  as  from  *709  to  *849  per  cent,  and  Witt© 
nakaA  it  •666  per  c^nt ;  Graham,  Stenlioiise,  and  CanipheU  state  it  as  '87  p€r 
fiiinL  It  may  be  assimied  to  l>e  "75  2>er  cent,  on  an  avei-age,  Aubert  found 
ihni  loosting  coffee  to  any  extent  caused  very  little  loss  of  caffein.  llie  eafiein 
b  extracted  easUj  by  bemiol  or  by  cblorofonn.f 

Wlwii  ooffee  is  roasted  it  swells,  but  becomes  lighter  (15  to  even  25  per 
OttUt,  a  the  coffee  is  dark  rc»asted).  The  sugar  ia  changed  into  caramel,  the 
peculiar  atoma  i^  developed,  the  union  between  the  catTein  and  the  caffee-giiUic 
acid  is  broken  \ip ;  aeveiul  gaaea  are  formed,  viz,,  carbonic  acid  (in  greatest 
MMHmt),  Cftrbonie  oxide,  and  nitrogem  It  is  omng  to  these  gases  that  the 
fOiilacl  coffee  swells  so  munb.  (Coiilier,  BeaieU  de  Mernoires  de  MkL  MiL^ 
Join  IS64,  p.  508).  In  the  infusion  almost  all  the  caffein  is  found,  according 
lo  AuWrt,  while  others  say  about  one-lialf  m  lost.  Aubert  has  foimd  thrit  in 
•  cup  of  coffee  made  with  16 '66  gminmes,  or  '587  ounce  avoinhipnis  (1 
Pntanitn  loth),  there  are  from  i  to  -12  gnunmes  ( =  1*5  to  1*9  grains  of  cafft-in). 
Ib  a  cup  of  tea  made  fixim  5  to  6  grammes  ( =  77  to  92  grains)  of  tea,  almuL 
the  aune  amount  of  caffein  is  contained. 

As  on  article  o/dtefy  coffee  stimulates  the  nervous  system,  and  in  large  doses 
prtxiaoes  tmnora.  Oiffein  given  to  animals  augments  reflex  action,  and  may 
ptoduce  tetaaua^  or  peculiar  sti&ess  of  mos^^lea.  It  incieaseB  the  fre{|uency 
of  the  pulse  in  men,  and  removes  the  sensation  of  commencing  fatigue  diuiug 
It  has  been  said  (J*  Lehmann  and  others)  to  lessen  the  am  omit  of 
and  phosphoric  acitl,  but  this  is  doubtful  J  It  appeare,  however,  to 
!  the  urinary  water.  Hie  pulmonary  carbonic  acid  is  said  to  be  increased 
(E.  Smith).     It  increai*es  the  action  of  the  skin. 

In  animals  (frogs,  dogs,  and  rabbits),  caffein  producer  the  foUowing  effects, 
as  determined  by  Aubert  and  others  : — Increased  reflex  action ;  a  peculiar 
sSiffneBB  of  the  muscles,  sometimes] tetanus ;  no  lessening  of  nervous  excitability  ; 
an  invariable  increase  in  pulse-frequency,  and  a  lessening  of  the  blood-pressure 
(in  dogs).  This  effect  on  the  circulation  is  peculiar  and  complex.  Aubert 
IB  oonTinoed  that  the  work  of  the  he^rt  is  less,  in  spitii  uf  the  increased  beats  ; 
tlieffe  is  not  time  for  perfect  contraction,  and  this  lesj*ened  px>wer  shows  itself^ 
he  iliiiik%  in  the  lessened  blood-pressure.  Aubert  considers  that  the  les&i?ned 
hmxt^pnemae  is  dependent  on  a  more  or  less  marked  pamlysif?  of  the  nerves 
BMUkg  to  the  heart  from  the  gangUa ;  the  increased  frequency  mu^t  be 
dspendent  either  on  pamly  sis  of  the  regulating  or  excitation  of  the  contiiictive 
htmrt  nerrea,  and  of  this  alternative  he  adopts  the  latter.  He  thinks  it 
unoertaiA  whsther  coffee  owes  its  dietetic  value  to  the  caffeim 

Coffee  is  a  most  important  article  of  diet  for  soldiei8,§  as  not  only  is  it 


ArebiT,  fUr  die  ges.  Pbys.,  biuid  t.  p.  588. 

' '     '^  iiMf  ud  theobrotniiM  are  tlie  sizne  substance.    In  the  leaves  of  the  Fangnay  tea 
mnB,  tlia  tea  is  called  Mat#  in  Paraguay),  wliich  are  iift«d  to  make  tea  In  tUe 
lentioD,  and  tlironghont  the  Bouthem  part  of  Brazil,  there  is  also  an  alkaloid 
with  theine.     In  dietetic  properties,  Parac^aity  tea  is  thought  to  stanil  between  cotfee 
Clifaiem  iMk,  bal  to  be  more  like  coffoe.     Tlie  oikaioid  in  guarana  is  also  tlieine^  according 


I  Boppi  foimd  a  decreoae  in  dogs,  Voit  found  no  alteration  of  urea;  and  some  ve  y 
peritturby  nude  by  Dt  Squorey  of  Univ^enii^  College,  do  not  confirm  Leiimaiin  s 
obeerratkms  on  mm  so  far  as  the  urea  is  eeaoemed,  Dr  Squarey's  erperiments  are  for  more 
«Diti{d«le  ihaii  thQM  of  Lehmann  ;  tb«  nrea  was  not  affected  even  by  very  large  quantities  of 
toSm,  ti  voald  be  interesting  to  examine  tlie  urine  again  after  the  nse  of  the  JPryMmcty/ou 
iiaa.  Th/i  tele  work  of  M.  Moreno  of  Maiz  {Paris  18d8),  ocmfirmft  the  previous  stdtvmenta  of 
til  win  III  of  tbe  senaatioaof  hunger  by  this  substance.  The  cold  infusion  increases,  be 
aSbvia,  th*  aitenal  tenoion. 

I  Tlbe  ratkMi,  <me  ounce,  is  generally  too  small,  and  nu^ht  advantageously  be  doubled  at 
m0U  8es  eiperimnrta  tvoorded  ia  ''The  Issue  of  a  Spirit  Bation"  (Parkes),  Appendix  L 
miPLifs<|u 
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invigorating,  without  producing  auTsseqiient  collapse,  but  the  hsi  i 
almost  equally  serviceable  against  both  cold  and  heat :   in  thtt  OM I 


Fig.  63.— Testa  of  raw  Coffee  x  170 ;  tlie  righMwnd  figure  shows  the  double  tptnl  ( 
the  mpbe  of  the  berry  x  600. 


warmth  of  the  infueion,  in  the  other,  the  action  on  the  skin,  being 
IjiAyiWrtg^l  while   in   both  cases  the 


cases 
very  dedmhk 


m 
stimulation  is 
Hookt  r  tells  ug  that  in  the  j 
expedition  the   men  all 
coffee  to  spirits,  and  tliia 
ca^  in  the  ^chleswig-HoLsUstui 
of  1849. 

The  experience  of  Algerian 
India  (where  coffee  is  comhi^  i 
anil  more  into  use)  proi'Oiilil 
m  hot  climates 

It  haa  been  assorted  lobe] 
ti  ve  against  malaiia.    TIm  i 
is  not  strong,  but  still  ta 
ti*  authorise  ita  iia«  in 
difitrit'ts, 

Mnkin{f  of  Coffin, — ItiMfileli 
H  ground  coffee  must  be  aerred  m\ 
Tig,  64.— Raw  Coffee- Ij^rry ;  transverse  BuctloB    troops,  as  the  delicate 

^  170.  roasting  can  never  be  perfonnnll, 

Soldiers.     Exposed  to  the  air,  the  roast<?d  and  ground  coffee  loses  Its  aromii 
from  two  to  four  months ;  but  if  packed  in  tins  it  will  keep  it  far  mrmk 
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t  I  I  -  1  h*  tms  should  not  be  too  large,  bo  that  no  more  than  necessary 
1.1 1 V  I*  rxj*  'stMl  to  the  air.  It  him  been  mid  that  thu  tin  is  acted  npon^  but 
ihLM  I  H  s  not  a]>j»cjfcr  to  be  the  caae  for  some  time.  The  auioniit  should  bo 
-it  1    ;^r  I'^ths  of  an  ounce  for  each  pereon  per  meaL 

I  fr  i  ttfee  must  not  be  boiled,  or  the  aroma  is  in  part  diRsipated  ;  but  if 
n  m!.  ,Mrb  wat^r  of  180*  or  200%  the  coffee  only  gives  up  19  to  25  per  cent, 
\s]\>  t.  r-  it  -light  to  yield  30  to  35  per  cenU  In  order  t*:)  get  the  full  lieiietit 
i»f  Th"  rnffiM ,  therefore,  after  the  infusion  has  Wen  poured  oti",  the  grounds 
#h«T*!M  be  well  boiled  in  aome  more  water^  and  the  hot  decoction  pourdd  over 


Routed  CofFee  ;  the  d&rk  cells,  containing  Ah,  nhom  the  spiral  tlhre^ 


{ieek  eo&&%  so  that  it  may  take  tip  aroraa  j  the  coffee  tbuB  partially  exhausted 
can  be  usenl  on  the  n3xt  oocaaion  for  boiling. 

The  inftjsion  of  coffee  has  a  specific  gra\'ity  of  about  1008  Ut  1010  ;  the  oil 
aeSBin,  sugar,  dextrin,  and  mineral  mattt^rs,  are  taken  up  by  water, 

Okoifp  of  Coffee^ — This  ia  detennimxl  entirely  by  the  aroma  and  taste  of 
the  roasted  coffee  and  of  the  infusion.  If  tha  coffee  lias  l>een  damaged  (as  by 
aof^wnter,  when  the  Vierries  are  washed  in  fresh  water  and  redried),  thert^ 
t§  always  a  disagre^ble  taste  even  after  nr^asting  (Chevallier).  Tlie  berries 
give  up  less  than  usual  to  water  (12  per  cent)* 

Aduli*TtitumA,'-^The  microscope  detects  adulterations  with  the  greatest 
facility. 

The  structure  of  the  coffee-berry  is  shown  in  the  drawings. 

The  long  cells  of  the  testa  (figa  63  and  6^)  are  very  marked.  The 
inU-nor  of  the  berry  also  presents  characters  whi<di  are  quite  evident ;  an 
ifiDgakr  areolar  tissue  contains  hght  or  dark  yellow  angular  masses  and  nil 


•  WWi 


irtiMfi     nr»<TH 


^ 


to  the  choice  of  the  coffee  beny  some  caation  njiwt  be  lued.    The  b«st  eofree, 

itv  tfi*.  'V>>v<^^iiijaii  berry,  w  a  raodemtelv  large  fall  berry  (aceordijig  to 

-Tuftll  and  shrivelled.     In  Imlin  the  MiTne  rule  does  not  !HM?m 

Id  by  officers  of  exi»«rienc«  that  in  that  country  the  b«st 

H  oiXfn  a  lihrivelled  iiu«l  uniovitmg-looking  article,  whilst  the  fuller  and  apparently 

imjik*  art  nally  iaferior  for  iiee  a^^  a  beverage.    (F.  de  C) 
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globules,  which  ai-^  very  different  frtmi  any  miulteTatioiw.    TbeB^ 
I  Bcrew-lik©  unrolled  spiral  fibres  are  chielly  found  in  the  bottom  of  tlieii^k 

The    usual    BdviXlmt,^  ^ 
coffee   aro  rowted  «^ 
cei^al  grains  or  hm^ 
toea,  and  augiir. 
1.  Chicory    ia 
by  its  smoll ;  by 
darktu-    and    deiwex 
of  a  specific  gravity  ii 
to    1020;   and  by  iti 
scopic     chamctt^rs.     Il 
eiuka  at  ont**^  in  w^tat 
roasted,  wheni-*a«  oof«  fc* 
Sk^/fl&iMnH    MMJKH^        for   a    long   tiine  in  tm^ 

quence  of  the  dcvelujipii 
of  gas  during  roasUB§  • 
from  the  non-alienrbcnl  dfr 
racier  of  the  p(?niq«'*iBi  id 
haitl  yellow  granulei  d  tti 
ccsllolose.  The  miciwtt|i 
test  is  tlie   moKt   importi^ 

*—^ — *^ • — I — ' — * — *— • —  and  both  the  cells  tad  ^t^ 

„,    ^^     „     .  .  ^  J^^         ^  ^  ductfl    of    chicory  am  ^ 

Fig,  m.^  Routed  Coff*^.berry ;  tmnsvewe  m^<m,      eharacteri^tic,  at  kailt  lloii« 

like  tliem  exiaia  in  coffee,  t    The  percentage  of  ash  has  been  suggested  m  i 
of  detection.     Colfeo  y^ields  about  4  per  cent,  of  which  four-fifths  i 


Pig,  67.— Chicory  root ;  colk  and  doited  ducta. 
in  water :  chicory  yields  about  5  per  cent,  of  which  only  one-thiFl  is  ■obMt 
%  Eoaated  com  or  beans  are  at  once  known  by  the  staTch-gnumv  ^•* 

*  Chicory  is  lt««lf  adulterated  with  roasted  barley  and  wheat  grain,  acorns,  msagiaSd'Wli^ 
saw-dunt,  and  beani  and  j>eA9. 

+  Chicoiy  eoiitaius  a  notable  amount  of  sugar  (12*14  per  cent,),  wberteaji  onfl^  mivte 
njorc  tbttu  1  pcT<^Qt.  Wankljm  has  proposed  to  makij  this  a  boais  of  iletoetia^  Mff  ^ 
copper  test. 
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H^RBiP^HBBHi  precise  character  of  wh^t  or  barley  or  l^eaiid.  (See 
IgiDQB  of  tli*5de  graiiia,  p.  227  ^^  m/,)  lotline  turns  them  at  once  blue.  The 
mMon  hIbo  givL*s  a  blue  with  iodiue. 

3.  FotaUj  starch  is  also  at  once  detected ;  there  is  nothing  like  it  in  coffee. 

SSi«   figure,   p.    232.)     Sago   stiirchi   which    is  sometimes  used,  is   easily 
let«ctoiL 

4.  Su^iiar  is  detected  by  etvkttion,  and  by  the  copper  Sfdiitioii  wliich  it 
rrdace«,  as  the  kind  of  sugjar  is  alnioet  always  glucoiM*.     If  cammel  or  burnt 

igiw  be  preeent,  make  an  ijifusion,  evajM^mte^  dry,  and  taste ;  if  the  extract  be 
ittJe,  dark  coloured,  and  bitter  to  the  taste,  caramel  has  been  added  (Hasa*dl}. 

5.  Pereipft*  has  given  a  long  list  of  adulleiiitions  of  chicory,  and  Hagaill 
has  abo  detected  mixture  with  nmngold-wurzel,  jwrmiip,  c-firrf>t,  acorn,  and 
mW'dmlL  The  cells  of  mangold' wurzel  are  like  chicory,  but  nmch  larger; 
lltOM  of  canot  and  parsnip  are  soniething  Ilk*'  chicory,  but  contain  starch  cells ; 
Ili0  8larch-gTainii  of  the  aciom  are  romid  or  oval,  with  a  deep  ctdvert  depres- 

I^oa,  or  hiluKL     The  infusion  tif  chicory  i$  not  turned  blue  by  iodine ;  when 
sinemied  the  ash  of  chicory  should  not  be  lests  than  5  per  cent. 
Scb-Skction  11 — Tea- 
The  chief  kind«  nf  black  tea  art'  Souchong,  Congou,  Oolong,  and 
»hea  is  not  now  found  in  the  nuirket.     The  chiejf  green   U^iis  are 
iiyBon-etem,  Twankay,  Uiper,  and  Gunjwiwder, 
I  Dry  tea  contains  about  1-8  per  cent,  of  thein;   2'6  of  albumen;   9*7  of 

j      dextrin  ;  22  of  oellulose  ;^  15  of  taimin ;  20  of  extractives;  5*4  of  ash,  as  well 
.      as  other  mattetB,  such  as  oil,  wax,  and  resin, 

r  In  soma  good  teas  the  amount  of  thein  is  much  greater.     P^ligot  found  as 

ttuch  as  6 '21  per  cent,  in  dry  tea,     The  thein  is  combined  with  tannic  acid. 

Black  tea  oontains  from  6  to  10  per  cent,  of  water— more  often  the  latter 

atitjr ;  green  tea  about  8  per  cent. 
The  aoll  consists  princijially  of  potash,  «K>da,  magnesia,  phosphoric  acid, 
,  earbonic  acid,  inon,  and  sihca^f     There  is  mther  more  tannic  acid, 
>  tbein  and  ffitherial  oO,  in  green  than  bkck  tea,  and  less  cellulose : 
Otherwiae  the  composition  is  much  the  same  (Mulder). 

ElBick  tea  yielda  to  boiling  water,    .         .         29-45  per  cent 

As  a  mean,       *         38        „ 

Ofeeo,^        , 40-48 

As  a  mean,       .         43        „ 
at  ^ths  of  the  aoluble  matters  are  taken  up  by  the  first  infusion  with 

■  -i 

waler  ootitain  much  lime  or  iron,  it  will  not  make  good  tea  ;  iu  each  case 
the  water  ahoalil  be  well  boiled  with  a  little  carbonate  of  soda  for  15  or  20 
tuinuteBp  and  then  p>oured  on  the  leaves. 

In  the  infusion  are  found  dextrin,  glucose,  tannin,  and  thcin.    About  47  pt^r 

of  the  nitrogenous  substances  pass  into  the  infusion^  and  53  per  cent. 

I  undissolred.     If  soda  is  added,  a  still  greater  amount  is  given  to  wakr. 

The  green  tea  (now  little  sold)  is  either  natuml  or  coloured  (faced)  with 

*  ITMerk  Hedka,  vol.  ii.  p.  1578  (1063). 

t  Thm  8<>ci«t7  cxf  Pabljc  Analyitu  ha¥«  adapted  S  per  cent,  of  uh  aj  tlie  maximuiii  of  peifGctly 
drrlM.    Tb«  amount  in  nHinmy  Ua  it  about  5  to  6  pereenL,  of  which  about  3  per  ccut.  U 
I       aoIuhU,    The  aah  of  fp^it  tea  ia  only  about  3  pur  ceiiLj  of  which  0*5  ia  soluble. 

'  lt«ri  Appears  now  to  U  very  little  ^een  t«a  m  the  market,  lined  tt  has  been  decided  thiit 
^  **  ia  aa  adulteiatioti, 
7«   i  kt^  tS(>0^*j7  of  Public  Analjrvta  have  adopted  30  per  oent.  aa  tbo  minlnmm  extnu^t  ia 
I     fraatee  Urn  ;  Waakljn  takea  d2»  and  certainly  good  genuuM  tea  generally  ^leldjs  this  at  leoMt, 
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indigo,  Prussian  blue,  claj,  carbonate  and  acetate  of  copper,  onrctiiia,  SJim 

and  chalk.  ^M 

Scraping  tlie  tea-leavos  and  microscopic  examination  at  once  detect  tbi  ■!•*■ 
ing  blue  purticles  of  indigo  and  Prussian  blue  ;  and  the  addition  of  am  nil 
indirat-es  which  is  indigo.*  Gopf>er  is  at  once  detected  by  atilutioii  in  ttl 
acid  and  addition  of  animonia,  iJetheby  mentions  that  black  lead  it  wdtll 
give  a  Vikxim  to  black  teaa.  I 

An  an  Arttrle  of  Difii, — ^Tea  seema  to  have  a  decidedly  atimnkdvf  «il 
reatomtive  a^^'tion  on  the  nervous  systi'iu,  which  is  perhaps  aidetl  by  tkl 
warmth  of  the  infusion.  No  d*?pred3ioii  follows  this.  The  puhsc  ii  i  litlH 
quickened.  The  amount  of  pulmonary  carbomc  acid  is,  according  to  M 
Smitli,  increased,  t  The  action  ef  the  skin  is  increased  ;  that  of  thelwulB 
lessened.  The  kidney  excretion  is  httle  affected  ;  perhaps  the  uroa  i«  a  littU 
lessened,  but  this  is  uncertain.  J  I 

As  an  article  of  diet  for  soldiers,  tea  is  most  usefiiL  The  hot  inf Dsi<Jin,  1jI» 
that  of  coffee,  is  potent  both  against  heat  and  cold  ;  is  most  ua^^ful  in  gwrf 
fatigue,  especially  in  hot  climatesi  (Eanald  Martin)  ;  and  also  h»s  a  gwA 
purifying  effect  on  water«  Tea  is  s<:i  Lights  is  so  easily  carried,  and  the  iiiiiiM 
is  so  readily  made,  that  it  &hould  form  the  drink  par  exc^llmce  of  the  anUief 
on  service.  Thei^  is  also  a  belief  that  it  lessens  the  auceptibility  to  malum, 
but  the  evidence  on  this  point  is  impei-fect. 

€%nf'£  of  Tfki. — The  tea  should  not  lue  too  much  broken  up,  or  mixeJ  ^ 
with  dirt.  S]ti"eiid  out^  the  leaves  should  not  be  all  large^  thick,  doil^  «ri 
old,  but  some  should  Ije  small  and  young.  There  vrih  always  lie  in  the  I0I 
tea  a  g^Kjd  deal  of  stalk  and  some  remains  of  the  tiowcir*  In  old  tea  much  4 
the  a?therial  i>il  evaporatea,  and  the  aroma  is  lees  marked. 

The  infusion  should  be  fmgnmt  to  smelly  not  haT^h  antl  bitter  to  taata^an^ 
not  twi  dark  The  buyers  of  tea  seem  especially  to  depend  on  the  saiell  aai 
tasUi  of  the  infusion. 

Stnidnre  of  the  Tea  Leaf.- — ^The  border  is  semited  nearly,  but  not  quite  to 
the  stalk  ;  the  jmmary  veins  run  out  from  the  midrib  nearly  to  the  bordi^ 
and  then  turn  in,  m  that  a  distinct  space  is  left  between  them  and  the  bcdda 
The  leaf  may  vary  in  puint  of  size  and  shape,  being  sometiniea  broadei,  uni 
sometimea  long  and  narrow*  The  apjiearance  unth^r  the  niicroaoope  oi  Un 
uppi^r  and  under  surfaces  is  seen  in  thedmwing.  The  bonier  and  the  priiBU7 
venation  rlistinguish  it  from  all  leave5,§  The  leaves  which  it  isi^aid  htTefcisa 
mixed  with  or  mihatituted  for  tea  in  this  country  are  the  willow,  tloe»< 
Valonia  oak,  plane,  beeeli,  elm,  poplar,  hawthuni,  an<l  chestnut ;  and  > 
Cljina,  Chioranthits  tnconspicuus  and  OameUia  Sasanqua  are  said  to  be  1 


»  The  brick  tea  of  the  Tftrtam  oonaista  of  old  tea  leavei,  mixed  with  the  \eA\m  lad  i 
<%t  Rhamniu  Ihgixans^  Rhododendron^  Chrysantheinitm^  Rota  eamna,  and  oUier  ] 
with  Qx's  or  sheep's  blocxi*     It  la  muck  iised  to  purify  water, 

t  Phil  TranBftctiann,  185ft 

X  The  evidence  with  respect  to  tlie  urine  it  very  contradictory  ;  but,  on  the  whole,  the  1 
wemf  to  he  inconsiderable.  Dr  Edwtird  Bniith  eonsidera  that,  *'  tea  promotei  ail  vital  idl 
and  increfljsea  the  action  of  the  skin. "  It  i&f  purhups,  impo^ible  at  preaent  to  exprtm  tU  i 
in  80  uticdnet  a  form. 

I  The  etructuris  of  the  fieimtiire  u  rather  peculiar,  ihowing  an  appaivntly  ahcntiv«  hi^l 
bud  jiiat  within  tlie  poiut.  This  oi^au  coii  lie  seen  distinctly  with  an  oitlinarT  pocket  iMi^ 
and  conaiatfl  of  a  cyfiuclrical  hoaal  portion  and  a  more  or  less  cotle-ahaped  amoai  pait.  Frs 
the  reticulated  body  of  the  venation,  a  distinct  little  ftinjcnluii  may  be  traced  into  ca«bei(^j 
Tninnti'r  Imd-like  bodies  which  are  situated  ju!^  witfitn  the  tip  of  the  aenrnttvi.  Thii  bliil'l 
purtjctiihir  ik  of  importance,  for,  oa  might  be  expeited,  jsoniewnat  similar  appendages  iM|te| 
foiinri  in  other  serrated  leavea,  but  in  all  caiies  hitherto  examined  by  us,  they  occur  *tt  attd  ^ 
of  within  the  jioiut  of  the  sernitures.  No  notice  appears  to  have  been  taken  of  Uus  lidll^ 
atructuTHl  Ixttanista;  but  Dr  ItJacdonald,  who  first  called  attention  to  it,  i^fcfw  the  t  '  ' 
lh«mselvea  to  the  category  of  marginal  bud-s.     (F.  de  C.) 


Lea,vcs  ajidl  sla^s  of  "best  Tea.  broitoiit  5? om  2r^T\a-  :  'J  ci/  oy  topta's  "^-^ 
xidAurm  size 
Genera-ViY  ir  L<jrr.tr.5r2ial  Tea  the  leaves  ire  mucKli^^eT-  lrtiU]c3ieT.&«£Wsi 

AT?  cuh  trtmvtrly  muo  twc  ci^^iirre.  i:^i»t«  Soir.c  5:alk£  fcpemairig  of 
ficwcrs  Arc  iDundin  4.11  Tsa,  eyenthe  "besi 
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-■ -^^'i^ifw  oII!°K  SJ'r!^^^ 

'  — 0»».  "*«^  '''-'t-'^^iL  fo  oe  sometimes  u^ca  rr.Si.aUl^  ?«iSlSvc^^AC.T. 
-^wever^noir oceiaecliy  itJicom^morv  in  Uru8    oo-orttSC^  ^ 
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tliGse  the  willow  and  the  aloe  are  the  otilj  limves  which  at  all  rcscnihle  tea 
3S,     The  willow  ia  more  irregularly,  and  the  sLx^  is  much  lem  prfectly 
id  unifonnly  serrated. 

Xo  examine  the  leaves,  make  an  infusion,  and  then  spread  out  a  nuniher  of 
leaves  ;  if  a  leaf  he  placed  on  a  glass  shde,  and  covered  with  a  thin  ghiss,  and 
'tlien  held  up  Uj  the  Mght^  the  border  and  venation  ciin  iiBxially  bo  well  seen. 

The  leavt^s  of  the  Valonia,  if  used,  are  at  once  detected  by  acicular  cryatals 
1>ein^  found  under  the  niicroscripe. 

Sonietinieij  exhausted  tea  leaves  are  mixed  witli  catechu  or  with  a  coarse 
j^wrder  of  a  reddiah-brown  colour,  consisting  chiefly  of  powdc  red  catechu^  and 


Uppur  Surface. 


Under  Surface. 
+  2S5. 


Pi§.  68.— Dried  Black  Tv&  Leaf. 
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La  Teno   Bt^no."      Gum  and  starch  are   added,  the  leaves   being 

in  s  strong  solution  of  gum,  which,  in  dryinj^,  contraetB  them.     Hie 

at  of  aroma,  and  the  colleetion  at  the  bottom  of  the  infuBion  of  powdered 

in,  or  the  detection  of  particles  of  catechu,  will  at  once  indicate  this 

Ication,  which  is,  however,  verj'  uncommon.     Sand  and  magnetic  oxide 

iron  are  adde4  by  the  Oiine^e.     At  Brst  the  latter  was  mistaken  for  iron 

^filings,  and  when  it  was  proved  to  be  really  magnetic  oxide  it  was  suggefited 

that  it  camp  accidentally  from  the  soil  where  the  tt-a  was  cultivated.     Hassall, 

however,  gives  good  reaaona  for  its  being  a  wilful  addition,* 


•  t  have  fi>unrl  minute  quantities  In  two  instances  in  tea  supplird  to  NelU-y  Hrwjiital ;  in 
oncthc  AAh  WW  6-054  per  cent. ;  in  the  other,  6 -220.  Ha^sdJ  stntes  tliut  he  lus  mn^r  found 
it  except  in  tea  tbat  hJu  been  undout>tedly  adulteratiMi  and  yielded  a  very  much  greater 
junount  of  uiIl     (F.  de  C.) 
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Eartrndtion  ofTlieiu* 

OccasionaDy  it  may  be  desired  to  determine  the  qnantttj  of  tbeiiL 
10  gmmmes  of  tea,  exhaust  with  boiling  water,  and  a«id  dolntioii  of 
of  l<^ud  ;  filter  ;  pass  hydrfisiilpbimc  acid,  U>  get  rid  of  excc^  of  lead ; 
eviiporate  to  small  bulk,  and  add  a  little  atmnonia  ;  add  more  water,  T 
with  ammal  charcoal^  and  eva|ioratt3  slowly  to  small  bulk.     WTiite 
crystals  of  thein  ftjrrn,  which  should  be  tMjUected  on  filtering  paper,  drioi  it  i 
very  low  heat^  and  weighed. 

Determination  of  Tannifu 

Make  an  infiisioii,  and  add  solutinn  of  gelatine ;  collect  precipitate^  dij  nd 
weigh — 100  ]*art8^40  of  tannin  (Marcet). 

Ejtamiiuiiioth  of  Tea. 

Judge  of  the  aroma  of  the  dry  tea  and  infusion  ;  taste  infusion ;  w^miA  tii 
leaves  and  see  their  characUirs  ;  coHeet  anything  like  minoral  p*>wila,  od 
examine  umler  microaoope.  llie  micro8co|)e  will  alao  show  if  t.he  !*«  hiid»> 
tcriorated  by  ki^eping  ;  ftcmxrtimes  aeari^  fungi,  and  bacteria  may  bo  fumuL 

To  make  the  iiifiision,  take  10  gmmmea  of  tc^a  and  infuse  in  500  QXM 
hoUuiij  distilled  or  rain  water.*  Let  it  stand  five  or  six  niinutea  before  itt«IA 
ing  and  tasting  it.  Exhauat  the  leaves  by  boiling  with  sucetssstw  puiliiOH  d 
water^  until  no  colour  is  givt^rt  up  to  the  water.  Measure  tbo  total  amoaBlflf 
the  infusion ;  take  100  C.C.  and  dry  it  isi  a  wat^r-bathf  and  wotgh.  Ctks^ 
out  the  percontga 

Example. — The  total  quantity  of  the  infusion  from  10  grammes  of  tea  ^« 
1890   CCj    100   aa    taken  ^  and   dried   yielded    0*21    of   extm-t;   Om 

L^x  0-21  =  3-969    of    extract     in    10    gmmmes;     this     multjplisd  If 

10^39*69  per  cent 

The  exhausted  le^ives  may  also  be  dried  and  weighed,  the  loae  lujucmiti'f 
the  amount  of  extract,  which  ought  to  corFes|xind  with  the  aniounl  iAAmd 
directly. 

The  ash  should  also  be  determined  ;  5  or  10  grammes  ajre  to  be  indmaiAai; 
the  ash  is  geueiuUy  grey,  sometimea  slightly  greenish.  Any  excess  Asm  i 
per  cent,  is  suspicions ;  if  above  8  per  cent,  on  the  perfe.Mt/  dry  tei,  addloi' 
tion  is  certain.  About  one-half  of  the  ash  is  soluble  in  water ;  the  sotntiafi  k 
often  (but  not  always)  pitdt^  fi-om  the  presence  of  nmnganese.  The  amoaa* 
and  character  of  the  ash  form  good  meaiisi  of  detecting  the  use  of  eadMRM^ 
leaves. 

The  acidity  of  the  infusion,  and  the  amount  of  tannin  and  thein  raaT  t^ 
be  determined ;  as  also  the  chlorine,  alkalinity,  and  iron  of  the  ash.  T^ 
best  tests  of  the  qtuility  of  the  tea  are  the  aroma  and  the  physical  rbanirtia* 

Sub-Section  III. — Cocoa, 

Cwn/3o^7fW.— Although  the  theobromin  of  cocoa  is  now  known  y>  1* 
identic^  ^vitli  tliein  and  caffein,  the  composition  of  cocoa  removes  it  wjit^ 
from  tea  and  coffee.     The  quantity  of  fat  is  large  \  it  varies  even  in  the  mm 


*  The  dealers  usually  take  a^  mitch  Lea  aa  is  er|n&t  in  Wflight  to  «  new  aixpvDoe  lor 
aion.      Thi5(  is  equal  to  aboat  3  grammes  ;  it  Ih  duuiDlved  m  u  cupful  of  water,  about  SeOM 
or  140  a  C, 

f  Mr  Wnnklyn  sugG^^ts  a  limple  fona  of  water-batb  ;  an  ordinanr  tin  oit-oui  aboaA  liB>^ 
parts  full  of  w«it«r ;  this  U  boilea  over  a  lamp,  and  the  dish  with  infuaton  t©  ba  Aiil  Mi 
ov«r  tbo  ii&rrow  mouth  in  the  ring  of  a  retort  staufl.  The  <trjrmg  is  somk  ootmplfltid  ii  ^ 
steam. 
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\  of  ODOOo,  but  m  Ofiually  from  45  to  49  per  cent. ;  *  the  theobmmm  ia  1  '2 
•5  per  cent. ;  the  protein  substances  13  to  18  per  cent     The  ash  contains 

1  fiiiantity  of  pboephate  of  potash, 
l#  an  Article  of  Diet. — Tlie  lar^'e  (|iiantityof  fat  and  albuminoid  substance 
kes  it  E  very  nourishing  artielo  of  diet  j  and  it  is  themfore  useful  in  weak 
of  the  system,  and  for  healthy   men    umler   circimistanee^  of   great 
tion.     It  has  been  even  compared  to  milk.     In  8nutli  America  cocoa  and 
cakes  are  used  by  tmvellers  ;  and  the  hirgeaiu<»uiit  of  agreeable  nourish- 
ment   in   small   hulk   enables   several  days'   supplits   to   be   easily    carried 
(HumWdl). 

8y  roasting,  the  starch  is  changed  into  dextrin ;   the  amoimt  of  margaric 
'  increases;,  and  an  empyreumatic  aromatic  substance  is  formed. 
tie  changes  depend  on  the  amount  of  roasting ;   the  lighter-coloured  nuta 


Fig.  50.— Cocoa,  Outer  Coat  x  190, 

itain  more  unchangetl  fat,  and  less  aroma ;  the  strongly  roasted  and  dark 

Oocoae  have  more  aroma  and  liitternese. 

^H  Choice  iUid  AduUeridions, — In  commerce,  cereal  grains,  starches,  arrowi'oot, 
^Ho,  or  potato  starch  and  sugar,  are  very  communly  mixed  with  cocoa  ;  and 
^Sme  of  the  so-called  homreopathic  cocoas  are  rightly  named,  for  the  amount 

of  oocuia  is  very  small.     Brick-dust  and  peruxidu  of  iron  are  somctiiues  used 
^Mormandy).t     The  structure  of  the  cocoa  is  very  marked. 
^f  The  starch-grains  of  cocoa  are  sniaD^  and  embedded  usually  in  the  cells. 

♦  The  Society  of  PabUc  Aiuilyiitii  have  adopted  2^  per  cent  of  Cocoa  butter  aa  tlie  minim iun 

f  Haaaall  exAmined  54  sampleB ;  8  were  gpnaine,  43  cnntalaefl  migar,  aiut  16  Rtarah  ;  88  oat 
of  69  MmpiM  oontAiaed  earthy  coloimiig  matter,  a^  reddla^  Vetit^iaa  r«d,  and  amber  (Oa 
AdnllenVkODj  p,  10»>. 
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The  pres«nctj  of  starch-grains  of  cereals,  arrowiooti  sa^,  or  other  \ 
etarch,  is  at  onct;  detected  by  the   microscape    (aee  %tir^  on**  d 


Fig.  70.— Cocoa,  Under  Parts,  Middle  Coat  x  190- 

starches).     Sugar  can  be  detected  by  the  ta;ste,  and  by  solution.    Hjnml 
substances  are  best  detected  bj  incinemtioti,  digesting  in  an  acid»  and  1 
lor  imn^  lead,  &c. 

SECTIOX  IIL 
CONDIMENTS, 

SuB-SK€TION  I, — VlNBOAB, 

As  an  Article  of  />iW.— Robart  Jackson  was  of  opinion  that  the  IK^^J 
vinegar  was  too  restricted  in  the  army.     This  opinion  he  appean  to  i 
formed  frum  considering  the  great  use  of  vinegar   niade  by  the  Bo| 
Whatever  may  have  Iwxm  the  source  nf  the  oj  tin  ion,  then*   is  no  doabi  ( 
correctness.     Acutic  acid  plays  thiit  double  jiart  iu  the  body  which  i 
impi>rtant»  of  first  an  acid  of  a  neutral  salt,  and  then,  in  the  form  of  i 
acid,  as  tho  aeid  of  an  alkaline  salt,     liut  tliis  valuable  liietetic  quIJtJfil  I 
partly  cuunter-ludimced  in  Eu^^lish  lineijiir  by  the  unfortunate  ciruniiiftaP 
tliat  sulphuric  ai.ud  (y^nny^^^  P=i^'t  ^'^  weight)  is  allowed  to  be  added  to  ' 
and  thujsa  strong'  iioid  is  taken  into  the  body,  which  is  not  only  not  ttfief 
nutrition,  but  wbiL'h  is  hurtful ^  from  the  tendeney  to  form  iusolubli*  ol 
lime.     As  the  addition  of  sidphuric  acid  is  not  neceasary,*  and,  indeed, ilM 


*  The  abaence  of  An^iiltda  Ac*U  bus  'been  by  some  attributed  to  tbe  lue  of 
Add.    S»e  MicrogTAphie  Diotioaary,  article  Ati^piiUula.    In  a  tainple   I  eiamiiM< 
ivTArmed  vritli  anguilMie,  tbere  waa  only  a  tructi  of  .^uIpbuTic  acid.     (F.  de  C) 
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penaitted  on  the  Continent,  it  is  to  be  hoped  the  legislature  will  8<x)n  alter 
m  tytHmxa  which  has  the  effect  only  of  injuring  an  inifiortant  article  of  diet 
thm  amoant  of  vinegar  which  may  be  nmd  may  be  irom  one  to  aevoral  ounces. 
Oil  mftrche^i,  the  Romans  mixed  it  with  water  as  a  beverage. 

Examination  of  Vinegar, — Several  kind^  of  vinegar  are  in  the  market, 
kBOwn  by  the  Nos.  16,  18,  20,  22,  24.  Nos.  22  and  24  are  the  Ijest,  and 
eontain  about  5  per  cent  of  pure  acetic  acid.  The  weakest  kinds  contain  less 
lluui  3  }>er  cent  The  Society  of  Public  Analysts  have  adopted  3  jmt  cent  m 
ibm  nunimum  admissible. 

Q^Ht/. — 1.  Take  specific  graWty ;  of  the  best,  =  1022 ;  of  the  wotBt,  = 
ID15.     II  below  this,  water  has  been  added. 

2.  Determine  acidity  of  10  C.C.  with  the  alkaline  solution  (aee  Beer).  It 
is  generally  beet  to  dilute  the  vinegar  ten  tiroes  with  distilled  wati^r,  ami  to 
Ukkp  10  C.C.  of  the  diluted  Wnegar.  Multiply  the  C.C.  of  alkaline  sjilution 
ii*od  by  0*6,  the  result  is  acetic  acid  pt*r  cent 

Eixtmi^f^ — 10  C.C.  of  diluted  vinegar  took  8  C,C.  of  alkaline  solution :  8 
0*6  »  4*6  per  cent  of  acetic  acid. 

The  acidity  of  English  vinegar  is  chiefly  cauBed  by  acetic  and  sulphuric 
■cidsi  but  it  is  usually  calculated  at  once  as  glacial  acetic  acid.  If  it  fails 
bolow  S  per  cent,*  water  has  probably  been  added.  (The  lowest  noted  by 
HiMuH  in  35  sampler  was  2*29.) 

If  the  specific  gnivity  be  low,  and  the  acidity  high,  excess  of  sulphuric  acid 
spy  have  been  added. 

^Uf  the  alkaline  solution  cannot  be  prejsared,  the  acidity  must  be  determined 
mih  dried  or  crystallised  sotlium  carbonate.  Weigh  10  grammes  of  dried 
sodium  carbonate,  and  add  portions  carefully  to  a  weighed  quantity  of  \dnegar 
(10  grammes),  till  it  is  neutralised  ;  then  weigh  the  remaining  stidium  carbo- 
nate, and  calculate  accx^nling  to  the  atomic  weights  (53  :  60  -  a:  x),  or  multiply 
Ihe  qtiantity  used  by  ri32  ;  the  result  is  the  amount  of  glacial  acetic  acid  in 
,  tbe  quantity  of  vinegar  experimented  upon. 

^tfn  adding  sodium  carbonate  to  wine  >inegar,  the  colour  becomes  dark  and 
1^.  Ammonia  also  gives  a  pur|>lii3h  prex:ipitate  in  ttine,  but  ni>t  in  malt 
vinegftf. 

3.  If  excess  of  sulphuric  acid  be  suspected,  it  must  be  determined  by 
baryta;  this  requires  care,  as  sulphates  may  be  intrmiuced  in  the  water. 
"  hloric  acid  and  barium  cldorirl©  are  added  ;   the  suliikite  of  bariinn 

tnd,  tlried,  weighed,  and  multipUcd  by  '34305. 
dfiitrmiionjf, — Water  ;  sulfihuric  acid  in  excess  (see  a7ite);f  hy<lrochloric 
(uncommon) ;  or  commcm  salt  (detected  by  nitrate  of  silver  and  dilute 
acid) ;  pyroligneous  acid  (distil  and  re-distil  t]je  distillate,  the  residue 
will  have  the  smell  of  pyroligneous  acid) ;  lead  ;  copper  from  vessels  (evaporate 
ia  dfynaaa^  incineiate,  dissolve  in  weak  nitric  acid,  divide  into  two  parts,  pass 
SH^  Uiioiigh  one,  and  test  for  cx>pper  in  the  other  by  anmionia^  or  by  a  pieoe 
of  imci  win?)  ;  com^sive  sublimate  (pass  iSH,  tknotigh,  collect  precipitate)  ; 
eapsicum,  [wllitory,  or  other  ptingent  sid>stiitices  (evapomte  nearly  t<:i  dryness, 
aiwl  dissolve  in  boiling  alc-ohol,  eva|x»mte  to  syrupy  taste  ;  burnt  sugar  gives  a 
UUer  taste  and  a  dark  colour  to  the  syrup). 

The  pretence  of  copper  in  the  vinegar  us*3d  for  pickles  may  be  easily 
■  by  simply  inserting  the  bright  blade  of  a  steel  knife. 

[■Mill.  Myi  3*5  iwr  o^nt. 

'  I  ftmtmcB  of  sttlplutric  add  may  be  detected  qunliUtirelf^  by  lulding  a  few  drDra  of  the 
_  loa  pieev  of  eane  iugi^r,  snd  evmponting  on  the  wator>bAtb.  The  ioluliou  b«oonie« 
in  pftiponioD  to  tbe  tnberml  Add  pment.     (Hu»all). 


320 


CSONinKENTS. 


Sub-Sbctiox  II, — Mustard. 
GiM)d   miiRtani  is  known  by    the   sharp  acri<i    bthpH  and  tMto. 
ftdultenit'&d  with  turmeric  (detected  by  mirro9iH>pe  and  liquor  pottaaeK  i 
or  Imrley  etarch  (detected  by  microscope  and  iodine),   and  HnBeed  (i 


Fig  7L— White  MtiHtard  Seed.— Cuticle  coTisiitinK  of  &  perfof»te4  celltilir  t^uian  oi 
macuage  Otfllflj  aorue  by  expanaioa  esirapiog  through  the  cuticulu'  opening  Bftcr  bc4|  |li^ 
in  w«ter. 


Fig.  72.— White  Mustard  Seed.  -  L  Out«r  coat,  onticlc  muciJage  oelU;  IL  Fibrooat— 
.  Bmal]  nngnkr  cflla  ;  4.  Large  ctillii  and  very  deUcoie  meuibraiie  ;  5*  Xaioior  o^  mmi*'^  4 
lew  minute  oil  globules. 
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Many  samples  of  mugtard  are  still  mixed  with  turmeric  and 
eom6  kind,  but  thia  has  very  much  lease ntjd  since  the  passiug  of  the 
Eiiion  Act     Clay  and  plaster  of  Parifl  are  sometimes  added,  and  cayenne 
&d  to  bring  up  the  sharpness,  if  much  flour  is  nseiL 


fig.  73,— White  Mufitard  Seed,— Central  port,  x  206. 

be  microscopic  cluimctera  of  mustard  are  well  marked.  The  outer  coat  of 
vrhite  m^ustard  c^UBLsts  of  a  atraium  of  hexagonal  ceU^s,  perforated  in  the 
re,  and  other  cells  which  occupy  the  centre  portion  of  the  hexagonal  cella^ 


Fig.  74.— Section  of  Black  Pepper  Berry  (ceo^iml  portion). 

I  through  the  opening  when  swollen  from  imbibition  of  watt3r ;  tbese 

[ieTe<l  to  contain  the  mucilage  which  is  obUiined  when  mustard  is 

^  in  water.     Theie  are  two  internal  coate  made  up  of  small  angular  celle ; 


nist 


CONDIMENTSw 


tho  fltmctiire  of  the  seed  consiste  of  aumeroua  cells  contaming  col,  btt  \ 
gtftrclu     The  black  mustard  has  tlie  same  ctmractars,  witliottt  llw  iiiftt 
{orin  cellfi* 

Sob  Section  III.— Peppkr, 

Pepper  is  adulterated  with  Unseed,  mustard  busks,  wheat  and  [ 
mpe  cake,  and  ground  rice.     The  microscope  at  once  detecta  those  i 

tiODfl. 

The  microscopic  charactcra  of  pepper  are  rather  complicated ;  tlw»  I 
himk  L'ompofttid  of  f riur  or  live  layers  of  cells  and  a  central  part     The  ( 
has  externally  elongat4ad  cells,  placj^d  verticiill y,  an«l    pnn  ideJ  mth  i  c 


h\ 


iVio  ♦ 


1 


Fig*  76. — Transverse  Section  of  Bkck  Pepper  Berry. 

cavity,  from  which  lines  radiate  towards  the  eircumierence  ;   tli€n  oome  I 
strata  of  angidar  cells,  which,  towards  the  int^^rior,  are  larger,  and  fillad  \ 
oil     The  thinl  layer  is  composed  of  woody  fibre  and  spiral  c^ellfiL     The  i 
layer  is  made  up  of  large  c^lls,  which  towards  the  interior  beooma  i 
and  of  a  deep  red  colour ;  they  contain  most  of  the  essential  oil  of  the  i 
The  central  jjart  of  the  berry  is  composed  of  large  angular  ceJls,  aboot  ti 
as  long  as  broad,       8teej>ed  in  water,  some  of  these  cella  become 
othei"s  remain  colom-less.     It  has  been  supposed  that  the  yellow  oelli  J 
piperine  as  they  give  the  eame  reactions  as  jiiperino  does ;  the  tint^  : 
deepened  hy  alcohol  and  nitric  acid,  and  sulphuric  acid  applied  toadiy  ( 
causes  a  reddish  hue  (Hassall). 
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White  pepper  is  the  epntml  part  of  tbe  st^ed^  but  some  Bniall  jjarticles  "f 
cortex  are  nsimlly  mixed  with  it.  It  is  t:0Tiip<:ifled  of  cells  containing  very 
atuoU  starch-grains,  Hflssall  mys  that  tlio  cHntral  white  cells  are  so  hard  they 
may  he  miataken  for  particles  of  sand.  A  Httio  care  would  avoid  this,  The 
•larch-grains  are  easily  det-ecte<i,  however  small,  by  iodine. 

Pepper  duat  is  merely  the  sweepings  of  the  warehonaes,     Bajfie  or  linseetl 
Bime  and  mustard  husks,  are  mixed  ^Ith  pepj)er  duet,  and  it  is  then 
ifieppw. 

Sub-Section  IV, — Baix 


Tha  goodneae  fif  salt  is  Icnown  hj  it«  whiteness,  fine  cryst^illine  character, 
dijBea^  annplet4i  inid  clear  ^dution  in  water.  The  coarser  kinds,  containing 
ofleKi  chloride  of  nmi^mesimn,  and  prtrhapshme  salt^,  are  *  lurk  er  cnlouptul^  ninre 
or  laai  deliquescent,  and  either  not  thoroughly  crystallised  or  in  too  largo 
cnreials. 

BECTiox  ry, 

LEMON  AND  LIME  JUICE. 

Tbf*^  JTiicBS  contain  free  acids  in  large  ((uantitiea,  chiefly  citric,  and  a  little 
it:  sugar,  veg*>talde  al1iiim*^n,  and  mucus, 

I  ,  r»i«8etfi  juice  of  the  rifK?  fruit  of  the  CUnis  Limonnm^  as  ordered  hy 

the  British  Pharmacopceia,  is  stiid  tc>  have  a  specific  gravity  of  1  -039,  and  to 
contain  on  an  average  32-5  grains  of  citric  acid  in  one  fluid  ounce,'*  The 
fpBsh  juice  of  the  lime  {Citnis  Limetta^  or  CtfriM  acida)  has  a  rather  less 
specific  granty  (1*037),  and  contains  less  acid  (32*22  grains  per  etmce)*t 

The  late  very  inipc»rtant  Merchant  Shipping  Act,  J  which  regukt-es  the  issue 
of  lemon  juice  on  boanl  merchant  vessels,  dues  not  define  tht*  stn^ngth  ;  but  it 
has  been  state<l  hy  Mr  8toddart§  that  the  Board  of  Trade  standanl  is  a  specific 
gparity  of  1030  without  s]>irit,  and  30  grains  of  citric  acid  jxjr  ounce.  It 
oocaaionally  is  as  high  oa  1050. 

As  found  in  commerce,  hyv  merchant  shipping,  or  used  in  the  Eoyal  Navy, 
the  lime  or  lemon  juiee  i**  chieEy  prepared  in  Sicily  or  the  West  Indies  ;  it  is 
mixed  with  spirit  (usually  hmtidy  or  whisky,  which  gives  it  a  slightly 
greenish-yellow  hue),  and  olive  oil  is  pour^^d  on  the  top. 

Sugar  is  added  to  it  when  issued,  to  make  it  more  agreeahle  to  tj^sta,  in  the 
propoition  of  half  its  weight.  Leimon  juice  is  usually  issxietl  in  bottles  con- 
It^Uttf^tn^  to  four  pint*!,  not  quite  filled,  and  is  ciivered  with  a  layer  of 
tKiroml  Aboat  1  ounce  of  hmndy  is  adtletl  to  each  10  ijunces  of  juice, 
Sometimea  the  juice  is  boiled,  and  no  brandy  is  added  ;  the  former  kind  keeps 
heist  (Armstrong),  Both  are  equal  in  anti-scorbutic  power  (Armstrong).  GckkI 
lemon  jiiic^:*  wiU  keep  for  some  years,  at  least  three  years  (Annstr^mg)  ;  l>ad 
jnic«  8oon  becomes  turbid,  and  then  stringy  and  muciJagiuoiis,  and  the  citric 
af**i  ni«lic  acids  decompose,  glucose  and  carhnnio  arid  being  formed*  Some 
tir  id  precipitate  do  not^  however,  destroy  its  fiowers. 

i  in  the  market,  it  is  frequently  mixe<l  with  water,  and  dometimea 


•  Mr  Stndilart  fPharni.  Jour  Oct.  1868)  points  out  that  thp  ffpedfie  gmviiy  b  t<»o  hiph  for 
tHaopiBtitir  of  acid  octAted;  there  niayp  however,  be  other  ingreaienU.  He  gives  himaelf  the 
mme  frtvlty  as  1-040  to  1*045,  nod  the  citric  arid  w*  S9  to  46  grftin^  jier  ounce  (citric  «cid 
(\H/>-),  Mr  .St/^Kldttrt  mentioned  that  when  lemonjt  are  kept  the  citric  acid  dccoraposea,  «&d 
gfaooM  ftud  carhnriir  jiciil  nnsef.     But  yet  citric  acid  i»  made  from  damaged  frnit, 

♦  Tk«"  nj:  Art,  1867,  >fr  Ham-  Learh,  who  siipmiitends  the  part  of  the  Act 
rA$im^  t                         ,  iiA  arrunpfd  rt  very  sfood  scTjeme  of  examinat^bn,  which  in  being  canied 


oat  br  bmuwir  and  J  7  ^£*^£^*^'^^  ^^  vahoua  porta. 
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with  other  acids.     In  20  samples  examined  in  1868  by  Mr  Stoddifll 
genuine,  5  wtire  waten^d,  and  8  wer«  artificial;  tartaric  acid  being  pnMi&i 
one,  and  stilplmric  acid  in  another  sample, 

I  have  examined  two  good  apecimens  of  the  Eoyal  Navy  lemon  |i 
Sicily,  with  the  following  results  :— Wien  eva|)«>rated  catefuUy  (bwa,  i 
flei»aration  of  the  oil^  it  formed  a  brownish  fragrant  nxass^  which  wm  dai 
with  ftome  difficulty,  but  was  af terwarda  completnly  soluble  in  water.  (If  lb 
operatinn  ifl  Ciuried  too  far  the  extract  decomposes,  and  then  forniB,  McrtilBt 
Uj  Mr  Stoddiirt,  acetone,  carbonic  acid,  and  carbonic  oxide  andpyrodtiki 
The  look  ami  smell  of  this  extrsict  were  very  characteristic  of  trae  If  mail  j 
The  amount  in  my  two  aamples  wfu*  7*186  and  7*1828  per  eeai 
Stoddart's  experiments  give  a  rather  less  ivmonnt,  viz.,  6*1 7).  Whea  i 
ated  an  alkaline  whitish-jip'ey  ash  "wm  left  ;  and  if  the 
neutralised  by  a  standard  ai^id,  it  corrcispondt?d  to  *15  groina  of  citric  i 
cent.  The  ash  was  -52  and  -53  per  cent  respectively,  and  of  this  38 1 
soluble  salts ;  the  potash  was  -1 2  per  cent.,  or  just  J  grain  per  oimce,  ami  I 
phosphoric  acid  was  *008  per  cent,  or  '035  grains  per  ounce,*  He  I 
acidity  ( =  citric  acid  C^HgO,)  was  4*61  and  536  per  cent,  or  on  an  iTi 
nearly  22  graina  of  citric  acid  (C^H^O;.)  per  ounce,  f 

This  w^as  below  the  Board  of  Trade's  standard.     The  alcohol  wm  5  i 
cent,  corresponding  to  10  per  cent,  of  brandy  added. 

In  the  examination  the  points  which  seem  to  me  of  consequence,  in  i 
to  the  determination  of  the  fn?e  acitlity,  are  the  fragrancy  of  the  extisdialj 
the  alkalinity  of  the  aah^  proving  the  existence  of  some  alkaline  ciiiate; 
ktter  could,  however,  be  imitated,  but  the  fragrancy  cannot  be  ao. 

Examination  of  Lemon  Juice, 

1,  Pour  into  a  ^lass,  and  mark  physical  characters  ;    turbidity,  pn 
stringiness,  &c.    The  liiste  should  be  pleiisant»  acid^  but  not  bitter.    Idd  I 
water,  and  boil  ;  if  free  citric  acid  is  present,  a  lai^  precipitate  oi  < 
citrate  is  formed,  which  redissolves  as  the  solution  cools,     Evapomti 
airef  ully  to  extract,  to  test  the  fiugmncy,  t^c, 

2,  Take  the  8]>ecifLc  gravity,  rijmemliering  that  spirit  is  present  ; 
necessary,  evaporate  to  one-half  t^o  drive  otf  alcohol,  ililute  to  former  I 
and  take  specific  gravity  at  60'  Fahr. 

3,  Determine  acidity  liy  alkaline  sohition  as  given  at  page  279, 
the  acidity  as  citric  acid  (C^H^O-)  ;  1  C.C.  of  the  alkaline  solutioQ  >»  DO^  ( 
citric  acidL  As  the  acidity  is  considcmhie,  the  best  way  is  to  take  lOCCi 
the  juice,  add  90  C.C.  of  water,  and  take  10  C.C.  of  the  dilute  fluid,  ^ 

•  The  f|uaiitity  of  potMb  Agroea  closely  with  Mr  StorJdart'f  statement,  who  fooiad  '%§ 
per  ouDce.     WitVs  aiuilyaea  give  horn  "2  to  *5  per  cent,  of  ash,  of  whicli  44*8  tm  i 
potAflh,  no  that  if  the  anh  wna  *5.  the  pjt4i;<ih  would  1>e  21  per  cent. ,  or  '9  iiCTBiiis  ia  1 « 
1%  thertfo^l^  wrtniii  that  the  utility  of  krnnn  juice  i«  not  cotmecrted  with  the  p-^ttr\    d»i 
's  ri)?ht  for  all  saiiiplex,  the  opinion  that  the  t>ho»phoric  acid  it  of  en 


^Itt  found  tha  pliospJioiib  i 


if  my  aimlyaea  are  i 

mast  be  giren  up^  oa  it  itt  in  such  v^ty  cnuU  amouiit. 

nther  more,  Ti^.^  'U15  to  *033  per  eent 

Sir  M-  P-  Anderson  (of  Coventry)  suggests  thjit  the  value  of  citric  aciij  (or  Him  j 
a  TiKMunia  of  reiiilenng  the  phosphates  of  tbo  food  soluble'  and  conaesqueintly'  aMunfl 
tbJA  m,  the  minernl  acidi  otiglit  to  be  at  least  partially  antiscorbutic,  of  wtiioh  ^km  '* 
evidence,     (F.  d«  C.) 

+  The  lime-juiic  u«<?d  in  the  Arctic  Ejfpedition,  1875-76,  gave  on  analrsis  27  gmntdti 
per  ounce  aa  issueti,  thiit  ifl,  alter  being  fortified  with  about  fj5  p^r  cent  of  proof  ai||^  " 
fortifying  it  contained  3*2  graina.  (See  aualyses  by  Profe^or  A  tt  field  ami  Mr  BuLBl 
Coniinittee  on  Scurfy,  pauea  xHiL  and  li,}.  Simiples  annlys***!  at  Netley  showed m^nHfiki 
rtf  Ml2S  m  Wivmi,  and  1035  7  after  driving  off  the  alcohol;  tins  ertract  waa  ibout  II  inf  K* 
Tlje  unfortitted  jniee  froae  at  25^  F.,  th«  fortified  reinaine^l  liquid  down  to  15*  p.  fMi^ 
hexing  at  a  temperature  ot  nearly  0**  F*  produce<l  no  change  in  the  chprwcter  or  nuM^^tto 
conatituenta.  ^T 
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Will  giire  the  aciility  of  1  C.C.  of  the  undilute*!  juice.     If  the  numhc?  of  C.C, 
1  for  the  diluted  juice  is  multiplied  by  2*8  it  gives  the  acidity  in  graiiis  per 


4-  T«t  for  aiiulteration,  vvl — 

(it)  Tarfark  Acid, — Dilute  and  filter,  if  the  lime  jiiice  be  tiirbitl  ;  add  a 
liili«^  aolution  of  acetate  of  [Mjlash  ;  stir  well,  \vithout  touching  the  sideB  of  the 
glMi^uid  leave  for  twenty-four  houra ;  if  tartaric  acid  be  present  the  hitartrate 
crfpolftffb  will  fali 

(h)  '  Aci(L — Add  harium  chloride  nft<^r  hltration,  if  necessiiiy ;   if 

•ay  |»r      ^  falls,  add  a  littk  water  and  a  few  drops  of  lUIute  hydrochloric 

acid  to  dissolve  the  barium  citrate,  which  sometimea  t-auses  a  turbidity, 

(r)  Byrlroehloric  Add, — Test  with  silver  nitrate  and  a  few  drops  of  dilute 
xutiic  acid. 

(d)  Niirie  Arid, — This  is  an  uncommon  adulteration  ;  the  iron  or  brucine 
lesl  Gm  be  used,  as  in  the  case  of  water. 

FacHiiom  Lemmi  Juice. 

It  ia  not  easy  to  distinguish  weU-mmle  factitious  lemon  juice  ;  about  552 
gnuns  of  crystallised  citric  acid  are  dissolvod  in  a  wine  pint  of  water,  which  is 
fSaTOured  with  essence  of  lemon  dissolved  in  spirits.  This  corresponds 
lo  about  19  or  20  grains  of  dry  citric  acid  per  ounce.  The  flavour  is  not,,  how- 
ever, Hke  that  of  the  real  juice,  and  the  taste  is  shar|>er.  Evaporation  detecta 
tbe  f^|«fii*^tif?n- 

UsB  of  Lemon  Juice, 

In  military  transports,  the  ilaOy  issue  of  one  ounce  of  lemon  juice  per  head 
is  commenced  when  the  troops  have  been  ten  days  at  sea,  and  by  the 
Merchant  Shipping  Act  (1867)  the  same  rule  is  ordered,  except  when  the  sliip 
ia  in  harbour,  and  fr^h  vegetables  can  be  procured.     It  ia  mixed  with  sugar.* 

If  dried  ve^tables  can  be  procured,  half  the  amount  of  juice  wiH  perhapa 
do. 

In  campaigns,  when  vegetables  are  deficient,  the  same  rules  should  be 
enforced.  On  many  foreign  stations,  where  dysenterj'  takes  a  scorbutic  type 
(as  loRnerly  in  Jamaica,  and  even  of  late  years  in  China),  lemon  juice  should 
M  ngiilarly  issued. 

Sulmiitides  for  Lemon  Juice. 

Gtric  add  is  the  best,  or  citrate  of  pota.sh  ;  then  perhaps  vinegar,  though 
this  is  inferior,  and  lowest  of  all  is  nitrate  of  fxittisli.  f     The  tartrates,  lactates, 

•  JIj  fytrod,  Mr  Harry  Leach ^  ban  kindly  givea  mo  the  following  memotnjidmn  on  the  action 
rf  tlw  H crebuit  Shipping  Act :— Thifl  Act  (eommotily  called  the  Duke  of  Richmond'^s  Act) 
mikea  special  proviKions  for  the  quantity  and  quality  of  time  Juice  and  lemon  juice  Hiipplied  lo 
the  ncrrantile  niann«,  for  the  wm  of  the  crt;ws  of  ^tiipa  at  sea.  One  ounce  in  fumisbed  each 
dmy  to  «very  member  of  the  crew  after  the  ship  ha»  Wn  at  sea  ten  dayB,  and  directinni  are 
gi¥«B  in  lh»  mnthoriaed  Ship  Captain's  MedicAl  Uuidc  that  it  is  to  be  mixed  with  sugar  and 
vater  b«ibire  lerritig  ont,  io  the  proftortion  of  an  ouoct;  of  juice  to  an  ounce  of  sugar  and  aliout 
half  a  pint  of  water,  which  mixture  ia  to  be  banded  ovtjr  to  the  crfw  every  day  between  tweUe 
and  one  o*clock,  i.^.^  at  the  ordinary  dtimer  hour.  Since  this  Act  came  into  opemtion,  It  is 
oaoMtaiaady  ^f  the  atatiatict  of  the  Seamen's  HoapitaL,  that  Hctirvy  has  dixniniahea  by  more  than 
?0  fm  tteai.  ia  tlie  mercbuit  skipa  of  ihia  oonntiy,  and  that  hence,  even  in  the  Seamen 'a 
Bfwpfta!,  fle^en  easea  of  thii  dlseaae  are  comparatively  rare.  The  jtiice  is  ejumincd,  in  the 
fir  I .  at  the  laboratory  of  the  Inland  Revenni?  m  to  specific  gravity,  amount  of  citric 

h'  tractive  matter^  as  well  as  aksence  of  sulphuric  or  other  cheap  acids.    It  is  then 

ni.-.^-  ...  jud.  nnder  the  direction  of  customs  officers,  with  10  per  cent,  of  rum,  brandy,  gin, 
vllis^t  or  Hotlandu,  and  kept  iu  bond  until  require*!  for  shipment. 

f  On  this  point  see  Bry fern's  paper  in  the  Medical  Times  and  GoEette^  1S50«  I  may  also 
vAr  lo  a  fwlew  on  tenrvy,  which  I  contributed  to  the  Bdtiah  aod  Foredga  Medical  Oiirur- 
^etl  Bcvicnr,*"  in  October  184S,  for  evidence  on  the  point. 
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and  acetates  of  the  alkalies  may  all  be'  used,  but  I  am  not  eewaie  of  any  good 
experiments  on  their  relative  anti-scorbutic  powers.  If  milk  is  procurable,  it 
may  be  allowed  to  become  acid,  and  the  acid  then  neutralised  with  an  alkali 
The  fresh  juices  of  many  plants,  especially  species  of  cacti,  can  be  used,  the 
plant  being  crushed  and  steeped  in  water ;  and  in  case  neither  vegetables, 
lemon  juice,  nor  any  of  the  substitutes  can  be  procured,  we  ought  not  to  omit 
the  trial  of  such  plaints  of  this  kiftci  as  xmj  be  obtainable, 


CHAPTER    VIII. 
SOILS. 

'  TOPOGFaPHICAL  REPORTS  AKD   CHOICE  OF  SITEa 

Xhb  term  soil  ia  iised  here  in  a  large  fieiiae,  to  express  all  the  portion  of  th^ 
of  the  earth  which  hj'aiiy  prt>i>erty  or  condition  can  affect  health.     Th« 
ivisioa  int^i  surface  soil  and  euhsoil  is  often  very  Uiief  ul  ^  and  these  temxfl 
t  no  deJinition. 

SECTIOX  L 

CONDITION  OF  SOIL  AFFECTING  HEALTH, 

Soil  oonmsts  of  mineral,  vegetahle,  and  often  animal  euhatances,  in  the 
llerstioee  of  which  are  also  air  and  often  water. 

In  reviewing  the  conditions  which  affect  health  it  will  be  convenient  to 
>iiitnence  with  the  air  and  the  water  in  soils. 


SuB-SEcTioif  L — The  Air  in  the  Soil* 

The  hanl«st  n>cka  alone  are  perfectly   free  from  air ;   the  greater  nnmher 
of  dense  rocksj  and  aU  the  softer  rocks,  and  the  loose  soila  covering  them, 
alaln  air.     The  amount  m  in  loose  sands  often  40  or  50  per  cent.  ;   in  soft 
ones,  20  to  40  per  cent     The  loose  aoil  turned  up  in  agricultural  opera- 
ions  may  contain  m  much  as  2  to  10  timea  IIaj  own  volume  of  air. 

The  naturti  of  the  air  m  &oils  has  not  Leen  jierfectly  determined ;   it  ia 

ciostly  very  riidi    in  c-arbonic  acid,    is   very  moist,  and  }>r!jbably  contains 

lliyia  and   organic   su1>stances,    derived   from   the    animal    or    vegetable 

ituentA,  but  which  liave  not  been  pr^jperly  examined.       Occasionally  it 

contains  earbun4.t4fd  hydrogen,  and  in  UKiL^t  soils,  when  the  water  oontaina 

suljdiatea,  a  little  sulphuretted  hydiogen  may  be  found.     It  has  been  recently 

ned  by  NichoLa*  in  America,  Fodorf  i^i  Buda-Pestb^  and  Lewis  and 

i^hanij  in  Calcutta.     Nichols  made  Ids  exi>t  rimeiits  in  the  Back-lmy 

tida  of  Boston,  Massachusetts,  land  made  by  tluowiiig  gravel  upon  sea  muti 

fiist  serie-s  of  ex]>criments  was  upm  air  dmi\Ti  from  depths  of  3|  to  5| 

k.     There  was  no  sulphuretted  hydrogen,  and  only  a  little  ammonia ;  the 

rj  was  from   r49  to  2 '26  volumes  per  1000,  and  varied  inversely  m  the 

eight  of  the  grc»und-waterj  which  was  vory  near  the  smface.     This  relation, 

tiowever,  was  not  constant  at  a  depth  ttf  0  to  10  feet.       Fodor  experimented 

\m  air  at  fuur  stations  f njm  deptJis  uf  4,  2,  and  1  metre.     At  the  lowest  depth 

\  mean  CU^  was  107 -5  pt^r  1000  ;   at  the  dejitb  of  1  metre  it  was  as  little 

'  3*7  in  one  station.     The  givat  amount  of  COg  points   to  very   intense 

emical  changes  in  the  ground,  esfiecifdly  in  the  deep  strata,  but  at  the  gftme 


I 


•  6th  litport  of  tbe  Board  of  Health,  Masaachuaetta,  1876. 

f  DcutMrhc  Vierteljiilirjichrift  lllr  titfentliche  GesunrUniit,  hd.  vli.  p.  205,  1875, 

^  Uiy  Boil  la  iU  miitioD  to  Diseoae,  Calcutta,  1B75. 
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time  it  may  be  very  variable  in  different  places.  The  amount  of  or  _ 
in  a  mefisiire  inversely  aa  the  CO^  At  a  depth  of  4  metres  {13  feet)  tk  ur 
would  be  irreepirable,  and  would  extinguish  a  lights  as  it  contained  13*88 
per  oent  of  COj  and  only  7^46  of  oxygen,  (How  many  cellarB  go  aa  deepn 
13  feet  into  the  ground,  and  thJB  cellar  air  fee  da  the  houae  with  air  !)  Fwo 
the  examination  of  the  organic  niatter  he  cornea  to  the  conclusian  tbatitii 
not  its  oxidation  on  the  spot  that  produces  the  CO*,  and  that  therffloR  tk 
latter  cannot  be  taken  aa  a  measure  of  impurity,  depending  as  it  doee  to  i 
kig©  extent  upon  the  penimability  of  the  mil*  He  found  no  aulphurettod 
hydrogen^  hot  a  gowl  deal  of  nitric  acid  and  ammonia,  the  relaiiye  qtunlitHi 
depending  upan  free  access  of  air  or  otherwise.  As  regarda  moistoi^  tlw 
m«an  percentage  of  humidity  was  807  at  2  metres  and  ^3-8  at  4,  L«wiB  mA 
Cunninghain,  in  their  ohservationa  at  Cidcutta,  found  reaiilte  somewhat  siinilir 
to  those  of  Fodor,  the  CO^  being  greatest  at  the  lower  strata  examiYnftiL 

The  amount  of  air  in  soih  can  be  roughly  estimated,  in  the  ceae  of  latbo 
loose  rocks,  by  seeing  how  much  water  a  given  bulk  will  absorb,  whiek  da 
be  done  by  measuring  the  water,  before  and  after  the  weighed  or  ineaBand 
rock  is  inserted  in  it^  or  by  weighing  the  rock  after  immersion.  But  a  mow 
exact  plan  is  to  wcigb  a  piece  of  the  rock  when  dry ;  to  thoroughly  aatantf 
it  with  wat<3r,  and  weigh  again,  so  as  to  obtain  the  weight  of  the  water  it  iwi 
taken  up.  The  specific  gravity  of  the  rock  having  been  previously  detamiioed 
in  the  ordinary  way,  the  calculation  is — 

Weight  of  water  taken  up  %  100,  , 

Weight  of  dry  roek-r  specific  gravity,  ~™         ^^ 

When  the  soil  is  loose,  Pettenkofer  adopts  the  following  plan  : — Diy 
loooe  soil  at  212'  Fahr.,  and  powder  it,  but  without  cnish^ig  it  very  mm 
put  it  into  a  burette,  and  tap  it  so  as  to  expel  the  air  from  the  interstices  a* 
iar  as  possible  ;  connect  another  burette  by  means  of  an  elastic  tube  with  the 
bottom  of  the  first  hurettt^  and  clflinp  it  on  j  pour  water  into  No.  2  burette,  and 
then,  by  pressing  the  clanip^  allow  the  water  to  rise  through  the  aoil  until  i 
thin  layer  of  water  is  seen  above  it ;  then  read  off  the  amount  of  water  tbiu 
gone  out  of  the  second  burette.     The  calculation — 

Amount  of  water  used  x  100 

Cubic  centimetres  of  dry  aoll  ~  *^       ^^ 

Tlia  subterranean  atmosphere  thus  existing  in  many  loose  soils  and  rockf 
in  continual  movement,  especially  when  the  soils  are  dry  ;  the  chief  causes 
movement  are  the  diurnal  changes  ofj  heat  in  the  soil,  and  the  fall  of  m% 
which  nnist  rapidly  displace  the  air  from  the  superficial  layers,  and  at  a  late 
date,  by  mining  the  levtd  of  the  ground  water,  will  slowly  throw  out  lu^ 
quantitiea  iif  nir  from  the  soiL  Fodor  considers  the  temperature  of  the  air,  the 
groimd  temjtemturt?,  the  action  of  the  winds,  rjiinfall,  barometric  prBusoiv^ tod 
level  of  ground  water  to  be  all  inHuential  in  causing  movement  of  the  grooid 
air  and  consequent  relative  change  in  \is  eonstituenta.  As  far  as  tlie  OOk 
was  concerned,  Lewis  and  Cunniugbam  found  that  the  air  tempeFatme  toA 
wind  were  both  inoperative,  whilst  the  moisture  bad  the  greatest  influenoe  on 
the  upper  stratii,  and  the  ground- water  on  the  lower 

Local  conditions  must  also  influence  the  movement;  a  house  aitifidnQj 
warmed  must  contintiaily  \k\  fed  with  air  from  the  ground  below,  and  douH- 
lesB  this  air  may  be  drawn  from  gn^at  depths.  Coal  gaa  escaping  from  pipfi» 
«nd  prevented  from  exuding  by  frozen  earth  on  the  surface,  haa  bec^  Jniowix 
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lo  paM  sideways  far  boiho  dktaiice  into  houBea.  The  air  of  cesspools  and  of 
poRiiiB  or  broken  draina  will  thua  pass  into  houiies,  and  the  examination  of 
dnina  alone  often  fails  to  dete^^t  the  cause  of  effluvia  in  the  hottse. 

The  onbealtluness  of  houses  built  on  "made  soik,"  for  some  time  aft<?r  the 
»  are  laid  down,  is  no  douht  to  lie  attribut4>d  to  the  constant  accent  of  im- 
I  air  from  the  impure  soil  into  the  warm  houses  above. 

To  hinder  the  ascent  of  air  from  btilow  into  a  houm*  is  therefore  a  sanitary 
point  of  importanC'e^  and  should  be  accomplished  bj  jmving  and  concreting  the 
uaement,  or,  in  some  caaeai,  by  raising  the  house  on  arches  off  the  ground. 
The  improTement  of  the  htialth  of  tc>wna,  after  they  are  well  jiaved,  may 
partly  be  owing  to  lessening  of  effluvia,  though  partly  also  to  the  greater  ease 
ol  ranofing  surface  impuritiea.  In  soma  malarious  districts  great  benefit  has 
hmok  obtained  by  covering  the  ground  with  grass,  and  thus  hindering  the 
aacmt  of  the  miasm. 

Ab  a  rule,  it  is  considered  that  looae  porous  soils  are  healthy,  because  they 
mt^  dry,  ami,  with  the  qualification  that  the  soil  shall  not  furnish  noxious 
cfflnvia  from  animal  or  vegetable  imprt^gnation,  the  rule  appears  to  he  correct. 
It  la,  howeTcr,  undoubted  that  dry  and  apparently  tolerably  pure  soils  are 
acnnetimea  malarious,  and  this  ariaee  either  from  the  soils  Imng  really  impure, 
or  from  their  porosity  allowing  the  transference  of  air  from  considemble  dis- 
tances. Even  on  the  purest  soils  it  is  desirable  to  observe  the  rule  of  cutting 
off  the  anhaotl  air  from  ascent  into  housea. 

The  diaeaaee  which  have  been  attributed  to  tcUrnic  effluvia  j 


BiHoQs  remittent  fever. 

Cholera, 

Dysentery. 

The  queetiona  connected  with  these  effluvia  Tiill  he  noticed  farther  on. 


Ptoxsysmal  feTers. 
Entmc  (typhoid)  fever. 
Yelkyir  f  e^'er. 


< 


The  Water  ix  the  Soil. 

The  water  present  in  soila  is  divided  into  moisture  and  ground  water. 
When  air  as  well  as  water  is  piresont  in  the  inU^rsticea,  the  soil  is  merely  moist, 
^~  e  ground  water  must  l»e  dt?tined,  with  Pettcnkofer,  as  that  conrUtion  in 
hicb  all  the  interetices  are  tilled  ^ith  water,  so  that,  except  in  so  far  as  its 
na  asparated  by  solid  portions  of  soil,  there  is  a  continuous  sheet  of 
Other  dehmtions  of  ground  water  have  been  given,  but  it  is  in  tide 
It  ia  spoken  of  here. 
MmMure  of  StdL^-The  amount  of  moisture  depends  on  the  i>ower  of  the 
toil  to  abaorb  and  retain  water,  and  on  the  supply  of  wat«r  to  the  soil  either 
feom  rain  or  gnjund  water.  With  respect  to  the  first  point,  tdmoat  all  soda 
will  take  up  water.  Pfaff*  has  shown  that  dried  quartz  aond  on  a  filter  can 
^'^ake  up  as  much  as  20  per  cent  of  water,  and  though  in  the  natural  condition 
In  the  soil  the  absorption  would  not  be  so  great,  there  is  no  doubt  that  even 
tibe  hflxdeat  sands  retain  much  moisture.  After  several  months  of  long  con- 
timied  ditmghti  Mr  Church  found  a  light  calcareous  clay  loam  subsoil  to  con- 
tain from  19  to  28  per  cent^  of  water, 

A  iooae  sand  may  hold  2  gallons  of  water  in  a  cubic  foot,  and  ordinary 
Modatone  may  hold  1  gallon.  Chalk  takes  13  to  17  per  cent ;  clay,  if  not 
T«iy  denae,  20  ;  humua,  as  much  as  40  to  60,  and  retains  its  strongly.  The 
so'odled  "  cotton  soil  **  of  Central  India,  which  is  derived  frc<m  trap  rock,  ab- 
aorba  and  retains  water  with  great  tenacity  ;  the  driest  granite  and  marblea 
will  contain  from  -4  to  4  per  cent  of  water,  or  about  a  piut  in  each  cubic  yard, 

^  Zeit&ch  fUr  Biologie,  buid  ir.  p.  2iB. 
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The  rocristuru  in  the  soil  ia  derived  pm-tly  from  rain  to  whict  no  aoU  j| 
absohiU^ly  impermeable,  as  even  granite,  clay  slate,  aotl  hard  liiuealctne 
ahsorb   a    little.     Pmcticallj,    however,   soils  may    be    divide*!    into 
impermeable  (un weathered  gratiite,  trap  and  metamorphic  rocks,  clay  sli 
denae  clayijj  hanl  oohte,  html  limestone  and  dolomite,  &c)  and 
(chalk,  sand,  sandsitones,  vegetable  w^ils,  &c.)    The  amount  of  rain  piiwingi 
a  aoO  i8  influenced,  however,  by  other  circumstances— by  the  declivity 
innlinatioii  of  the  soil ;   by  the  amount  of  evaporation,  which  is  incmfledia 
tjummer ;  by  hot  winds ;  and  l)y  the  rapidity  of  the  fall  of  rain  wliicli  3 
gi'e<it4?r  than  tlie  soil  can  absorb.     On  an  avemge,  in  this  country,  all 
]si"r  €ent.  of  tlie  rain  penetrates  into  the  sand  rocks^  42   per  cent*  into 
eliaUc,  and  from  60  to  96  per  cent,  into  the  loose  sands.     The  rest  evapun 
tjr  runs  off  the  surface  by  the  lines  of  natural  drainage.     The  rapidity 
which  the  rjiin  wat-er  sinks  tin-ough  soil  evidently  varies  with  circumstani^ 
in  the  rather  dense  chalks  it  haa  been  supposed  to  move  three  feetdownv 
ev&ry  yeitr,  but  in  the  sand  its  movement  must  be  much  quicker. 

The  moistui-e  of  the  soil  is  not,  however,  derived  solely  from  the  min  ;  the 
gr<junfl  water  by  its  own  movement  of  rising  and  faihng,  and  evaporation  bm 
Urn  surface  of  tlie  subterranean  water-sheet,  and  capillary  attraction,  makes  the 
tipper  layers  of  the  soil  wet  By  the^e  several  agencies  the  ground  new  tlfcr 
aurface  is  in  most  parte  of  the  world  kept  nion^  or  leea  damp. 

Dftermiimtkm  of  Mvmttirc  in  the  SoiL — By  drying  10  gmmni£0  at  tkn^ 
peititfir*^  of  220"  Fahr.,  then  weighmg,  exposing  to  air,  and  oljserving  tlie  a- 
creitfKj  of  weight,  an  idea  is  formed  of  the  amount  of  moiatnre,  and  of  tli9  hjpo* 
metric  prr>|)ertie8  of  the  soiL  If  the  dried  soil  is  put  over  "water  under  a  M 
jar,  it  will  be  exposed  to  air  saturated  ^vifch  moisture,  or  by  olisondng  the  di? 
and  w^et  bulb  thermometers,  the  humidity  of  the  air  at  tlie  time  can  b 
noted. 

The  GrotiTui  or  SulmoU  Water, — The  aubterraneftn  sheet  of  water  is  at ' 
ditFoniut  depths  below  the  siuface  in  different  soils  ;  Bometimes  it  is  only  : 
3  feet  from  the  surface,  in  other  eases  as  many  hundreds.  This  dcfi^dij 
the  oomptictnetiij  or  permeability  of  the  soil,  the  ease  or  dilficulty  of 
and  the  existence  or  not  of  an  iinpermenble  stratum  near  or  far  from  i 
surface.  The  imdcrgrcuind  sheet  of  water  is  not  necjessarily  horizontal,  an3 
in  some  places  it  may  l*e  bnmyht  nearer  to  the  surface  than  othew  Vf 
lieculiarities  of  gromid.  The  water  is  in  constant  movement,  in  most  cmp 
Ho  wing  towards  the  ntian^st  water  courses*  or  the  sea  ;  the  rate  of  moTeOfUl 
Las  not  yet  been  jxirfectly  debermined.  In  Munich,  Pettankofer  reckons  ill 
rat«  as  15  feet  daily ;  the  high  water  in  the  Elbo  moves  the  ground  water  ift 
the  vicinity  at  the  rate  of  about  7  or  8  feet  daily. 

The  rate  of  movement  is  not  influenced  solely  by  compactnoea  or  porostv 
of  soil,  or  inclination.  The  root«  of  trees  exert  a  great  iiiflnenco  ia  Ifnmmhut 
the  flow ;  and,  on  the  other  hand,  w^ater  runs  off  more  rapivUy  than  hdom  i» 
a  district  cleared  of  trees.     The  level   of  the  ground   water  is 


♦  iu  confirraation  of  this  it  b*is  been  shown  by  Virchow  (jteiDi^mg  und  EhtiipiiiiiH 
Beirlinfl,  1873)  tb.it  tbti  well  water  near  tbe  Spree  m  bigh*^  (in  one  case  5  feet)  tluui  iheri*«f  j 
the  ground  water  h  ti<>t  derived  fr^jtu  the  riverj  but  Kows  towards  it  Q>.  31),  nnd  im  iidloiMi 
by  it  only  m  it  tiitdn  a  reitdy  or  ubijtructed  entr&uce  on  account  of  th«  vorjing  ttmiiujit  of  «ilii 
in  the  Spree.  The  height  of  the  Spree,  therefore,  cnnuot  give  &  correct  me«stti«  ckf  lbs  Mi^ 
of  water  in  the  nelghbounng  wells,  though  the  gTt)und  water  ii  iuHueuced  by  the  th^tMi^ 
ing  it  to  ruti  at}'  or  hohlin^  it  l>a<:k.  The  movement  of  the  ground  Mi'&ter  appcttre  to  !•  tt* 
tretiiely  flight  iti  Euriin  ;  in  fact  in  itome  parts  it  is  almost  slafiiutt  There  aj«  tm^mii^^ 
Berlin,  alluvial  and  diluvial,  wliicli  fiinijjdi  ground  wftt«r  of  diJiereDt  conif^pOAitiou  ;  Vii 
therefore,  temis  the  water  ol  the  diluvial  or  lower  dtrutum  the  **  iju]di$igrt>tmd  water  '*  (C* 
gnrndwoasor),  but  this  term  does  not  appear  a  very  good  one. 
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i  iiuii^tig.     It  rusee  or  falls  more  or  less  rapidly  and  at  diEtiiBiit  rates  in 

n-nt  iilaoee  ]  in  eome  caaes  ite  muvement  is  only  a  few  iuclies  either  way, 

I  n  moit  cases  the  limits  between  its  highest  and  kiwest  levels  in  the  year 

<  veiul  feet  (in  Munich  about  10).     In  India  the  changes  are  greater.     At 

-  TH  Central  India,  the  extremes  of  the  soil  water  are  from  a  few  inches 

loe  (in  the  rains)  to  17  feet  in  Miiy.     At  Jubbnl^wre  it  is  frcmi  2 

if^'  t  iruiij  surface  to  12  or  15. 

The  ettu^eif  of  change  in  the  level  of  the  ground  water  are  the  rainfall, 
preAsun»  of  water  from  rivers  or  the  m^  ami  alterationn  in  outfall,  either 
int!rMi«Hj  obstTH«!tion  or  the^  reverse,  Tlie  effect  of  the  rainfall  is  wutnetimes 
only  tracewble  weeks  or  even  months  aftc^r  the  fall,  and  oc*t'4isiouully,  as  in 
pl.iins  at  the  foot  of  hiMa,  the  level  of  the  gixjund  water  may  txt  raised  by 
rainfitlls  orcurring  at  great  distances.  Tlie  |iressure  of  the  water  in  the  Khine 
has  bpcn  shown  to  affect  the  water  in  a  well  1670  feet  away.* 

iSmams  connected  with  Moidure  ami  Gmund  Wafer.- — Dampness  of  8i>il 
amy  presumably  affect  health  in  two  ways- — IM^  By  the  effect  of  the  wat^^r, 
per  *f,  caofiing  a  cold  sod,  a  misty  air,  and  a  tendency  in  fiersons  living  on 
00^  a  soil  to  catarrhs  and  rheumatism ;  and,  2^/,  By  aiding  the  evolutic^n  of 
Otguiie  emunations.  The  decomposition  which  goes  on  in  a  soil  is  uw^ng  to 
four  fiii!tora,  viz.,  presence  of  decomposable  organic  matters  (jinimal  or  veget- 
able), heat,  air,  and  moisture.  These  emanations  are  at  present  knoivn  only 
by  their  efieets ;  they  may  be  mere  chemical  agencies,  but  more  prt>bably  they 
are  low  forms  of  life  which  grow  and  propagate  in  these  conditions.  At  any 
nte,  moietUR  appears  to  be  an  essential  element  in  their  produt^tion.  The 
grDond  water  is  presumed  to  affect  health  by  rendering  the  soil  above  it 
nioi'^t,  either  by  evaporation  or  capillary  attraction,  or  by  alternate  wettings 
and  dryings. 

A  moist  soil  is  cold,  and  is  generally  believed  to  predispose  to  rheumatism, 
eatairh,  and  nenialgia.  It  is  a  matter  of  general  ex jierience  that  most  persona 
ifsel  healthier  on  a  dry  soil. 

In  some  way  which  is  not  clear,  a  moist  soil  prtiduces  an  Eufavoumble  effect 
on  the  hmgs:  at  least  in  a  numl>er  of  English  towns,  which  have  been 
sewertHl,  and  in  which  the  grc»und  has  been  rendereil  much  drier,  Buchaiiaii 
has  shown  that  there  has  been  a  diminution  in  the  niimbi^r  of  deaths  from 
<*|[iKtlljiiia'*t  Dr  Bowditch  of  Boston  (U.S.),  and  I>r  >f  iddleton  of  Saliebury, 
BOtaoed  the  same  fact  some  years  ago,  Buchamui's  evidence  is  very  strtjug  as 
to  thi»  ^t  of  the  connection,  but  the  nature  of  the  link  between  the  two  con- 
diticins  of  drying  of  soil  and  les0«;ning  of  certain  pulmonary  diseased  is 
unknown.  It  is  curious  how  coimter  the  observation  runs  to  the  old  and 
vrToncons  riew,  that  in  malarious  (and  theix-fore  wet)  plac4J8  there  is  less 
phthisis. 

A  moist  soil  influences  greatly  the  develojiment  of  the  agent,  whatever  it 
be,  which  causes  the  paroxysmal  fevers.     The  fact^irs  which  must  he 
^  {Resent  to  produce  this  agent  are  heat  of  soil  {which  must  reach  a  ceilain 
point  -  isotherm  of  65°  Fahr.  of  summer  air  temperature),  air,  moisture,  and 
impunty  of  soil,  which  in  aH  probability  is  of  vegetable  natm^e.     The 
Mtd  laU  of  the  ground   water  by  supplying  the  requisite   degree  of 


•  f »  a  plac*?  nwir  ih 
wiQatadlvi 

f  BttehanM 
p.  48,  cad  1> 
ctammmot  tl. 


H  amble  Hirer  (Hiiiii|i«hircs)  I  found  the  tide  affecting  the  water  of  a 

:  the  well  iUflf  \ming  83  feet  deepjmd  1<I0  feet  above  meaii'W&t«r 

*>ii  St^a«  Mt'diciu<^,''^»inith  and  Elder,  p,  91, 1876. 

.   i.th  Ri'iwrts  of  the  Medical  Offloer  to  the  Vnvy  Council,  1866, 

A«  the  term  '•  phthinifl  "  i»  a  genend  one,  and  include*  all  the  faui 

li  fieHtnictiou  of  luug-timie  (taoercidoiu  and  inllamixiatory),  aa  well 

Vil^^  with  palmonary  symptoma,  it  would  be  well  to  traaaUte  the  word 


"  hy  the  phia^e  **  waating 


Of  the  lungs/ 
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,  or,  on  the  oontrary,  by  making  soil  too  moifl^  or  too  ^,  ^fii^M 
piftjs  4  lai^  put  in  producing  or  controlliog  peiiodkal  4mAh^H 
pwdxyuuial  leireiB  in  the  so-called  malaiioufl  countries  Tba  dBTib|^^| 
********  nuij  be  omnected  either  with  rise  or  with  fddl  of  the  ^voi^H 
An  impeded  outflow  which  raises  the  level  of  the  gnmad  vil^^H 
mttluions  aoik,  been  prodnctiYe  of  immenee  Bpread  of  pKroxjwatl  i^if^M 
tihe  ™«Vit*g  of  the  Ganges  and  Jumna  Canals,  the  outflow  of  a  lugnlH 
ooQDtKj  WIS  impeded,  and  the  oouiee  and  extent  of  the  obstnicstiiMivMHfl 
by  Dempstir  and  Taylor  by  the  almost  univei^tal  pn!>TBlexice  of  lan^H 
fereis  and  enkiged  apleena  in  the  iDhalnianta  along  the  ba&k&^  ^"H 
and  lalal  fever  which  has  prevailed  in  llurtiwan^  in  Lower  Be&gdl«  Dor  tfill 
Ian  years^  appears  to  be  in  part  owing  to  the  obetroelian  lo  the  liH 
from  mills  and  from  blockage  of  water  oooiBeiLf  1a  iciBi  <■ 
ive  obstruction  comes  into  play  ;  ke.,  an  outfall  sufficient  for  0BiH 
Im^  diy  weather  is  quite  inadequate  for  the  rainy  aeaaon,  and  tk  pm 
wmte^  tiaea.  At  Pola»  in  Istri^  for  example,  there  are  no  maabeflv  kol  iil 
Bummer  aomeltmefi  half,  aometlmes  90  ]ier  cent  of  all  caees  are  malaMi;! 
Kmsotk  i%  that  a  dense  cky  lie^  a  httle  below  an  alluvial  eoii,  and  tlnd 
exit  for  the  rain  is  thiough  two  valley-trougha,  ^v]iich  cannol  cany  4il 
wsler  feat  eiioi^  m  the  wet  aeaaon,^  from  February  to  May.  I 

A  wmarkahle  itintaiif^  of  exeeasive  rmnlall^  causing  an  outbreak  if  flii 
diaeaoB,  ooemred  al  Kurrachee,  in  Bcindi\  in  1 8G9.  The  average  m 
latnlall  in  Sdnde  in  11  years  (1856-66)  was  only  6*75  iiicha»;fl 
Ae  gieateat  rainfall  in  that  time  mas  13  9  inches  (1 1<63),  In  1867  thtfl 
idl  was  2*73  ;  in  1868  it  waa  3 -36  inches  ;  while  in  1869  it  TP^heA  Ifel 
preoadented  amount  of  28*45  inches^  of  which  13-18  fell  in  July,  iadl| 
inches  in  September.  April,  May,  October,  November,  and  DecemlKj 
ZBin]oe&  The  Ist  Batt.  21st  Eegiment  hail  the  following  eil^| 
paroxysmal  fever  per  1000  of  strength  : — In  April,  none  ;  in  MjqMI 
June»*39  ;  in  July,  30  ;  in  August,  93  ;  September,  105 ;  in  Odiiki;  ll 
in  November,  1004 ;  and  in  December,  644.  In  Deoemb^  the  regOMiii 
embarked  for  Madraa,  as  it  had  "  thoroughly  loj^st  hejut.'*  Tlie  diwavl 
not  fatal,  as  the  death  rate  for  the  year,  from  all  caueea^  was  only  i^"?  j 
1000.  At  Kurracheei  as  the  rainfall  is  usually  80  amall,  the  gronmd  dmi 
and  is  then  non-malanous»  The  ground  is  Aat,  and  there  is  no  subacnl  dd 
age.  In  1866,  when  thei«  waa  heavy  rainfall  (13*75  inches),  there  twd 
a  development  of  malarial  disease,  which  was  continued  in  1 867,  J 

The  opposite  result^  vii,,  an  increiije.ed  outflow  lowering  the  euheoil  vd 
haa  been  obser\'ed  in  liiainage  operations,  and  very  malarioos  places  haft  ■ 
nudered  quitt>  healthy  by  this  raeafiiu«,  as  in  LinoctlnahirB,  and  many  H 
of  England.  The  case  of  IkmfariL-,  in  Algeiia,  is  a  good  instance  ;  saoora 
lacee  of  soldiers  tuid  colonists  hail  died  oU*,  and  the  station  had  the  wsm 
putation.  Deep  drainage  was  reeorted  to,  the  level  of  the  ground  wwkil 
lowered  less  than  2  feet  This  measure,  and  a  better  s:upply  ol  drinki 
water,  have  reduced  the  mortality  to  one-third. 


*  Ute  o1)8enratiaTi8  of  DempstOT  viid  T&ylor  on  the  Jamim  Canal  bare  been  Imtd^  (        

by  FeiiErusoii  {Saiiitjiry  Afliuiuistrntion  of  the  Puiy'ftb  for  ]871,  Appendix  IV.),  whokwv**^ 
tigAtexl  tbe  effect  on  raalarious  diH«aM  on  the  Biri  Do4b  Canal  district ;  he  found  r  "*  "^^ 


Hon  iad^aaed  TualArious  fever,  luid  ftpuAreuily  by  rauting  lJii«  aoil -water  lerelfl.. 
f  pT  Derby  (M  Report  of  tU  dtaUlEbanl  of  Health  of  MjiaM«hui«tt«,  Boston*  1879  pdH> 


out  how  umiv  boa  1>eeii  fifoduced  by  obstmetionii  to  out^flow^  micb  as  tid«-ailUs,'Ax^  9ili9 
ego  ae  IS28y  antboTi^  to  remove  e  oam  wee  obtemed  on  eocouiit  of  inJuTT  to  brallh.  Stti'* 
oeae  recorded  by  Dr  Gattell  in  HiaJLal,  Anny  Medical  Beporti,  voL  xUL  i^jL  u.  li&  piiitfill 

nattifel  netiaei. 
*  Dr  Jilok,  in  Archly,  der  Heilk,  1870,  p.  Id& 
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A  fjwe  mentioned  by  Pettenkofer*  is  also  very  striking  as  to  the  efifect  of 
0nb«iail  diainagi^  on  some  kind  of  fever  in  horses.  Two  royal  stables  near 
Munich,  with  the  same  arrangements  as  to  stallR,  food^  and  attendaui^,  and 
the  iame  elaaa  of  horsea,  suffertHi  very  imequally  from  fever ;  horses  sent  from 
tha  tinhoalthy  to  the  healthy  staljles  did  not  communicate  the  disease.  The 
dilbmiKse  between  the  two  places  was,  that  in  the  healthy  stables  the  ground 
Vsto  waa  5  to  6  feet,  in  the  unhealthy  only  2^  feet  from  the  surface.  Drain- 
ing tbe  l&Uer  stablea,  and  n?duckig  the  ground  water  to  the  same  height,  made 
tboM  stftblee  as  healthy  as  the  others. 

Tjrpbold  (enteric)  fever  has  also  been  supposed  to  b©  connected  with  changes 
m  maiitiire  of  the  »oi]^  owing  to  rising  and  falling  of  the  ground  water. 
Ttoiemot  Pettenkofer*s  observations  on  the  wells  of  Munich  led  Buhl  to  the 
disoOYery  that  in  that  city  there  is  a  very  close  relation  between  the  height  of  the 
gRMtbd  water  and  the  fatal  cases  of  ty|jhoid  ;t  the  outbreaks  of  typhoid  lever 
ooccuTed  when  the  ground  water  was  k»west,  and  especially  when,  alter  having 
naeii  to  an  unusual  height,  it  had  rapidly  fallen.  Pettenkofer  has  repeated 
mod  extended  the  inquiry  with  the  same  results.  The  point  has  l>een  also 
niUDerically  investigated  by  Seidel  J  in  Munich  and  Leipzig  for  the  years 
1856-^4  and  1865-73,  and  from  a  mathematical  consideration  of  the  numbers 
lie  ocmcludes  that,  according  to  the  theory  of  prolmbilities,  it  is  36,000  to  1 
tfatti  there  isy  in  each  perii>d,  a  connection  between  the  two  oecum^n€es.§ 
OUbm  ofawrvations  in  Germany  are  confirmatory, ||  but  in  this  country  the  crm- 
nsetioii  has  not  been  tracvd.  In  some  outbreaks  of  enteric  fever,  the  ground 
t  been  rising  and  not  falling ;  and  in  other  instances  the  attacks  have 
tnoed  to  impure  ilrinking- water  or  milk,  to  sewer  emanations,  or  to 
perwnid  eontiigion,  and  the  agency  of  the  gr{:iund  water  has  appeared  to  bo 
quite  iwigitive.  Br  Buchanan^  has  quoted  a  case,  in  which  the  sinking  of 
tile  ground  water  and  the  outbreak  of  fever  were  coincident,  and  yet  the  con- 
nection waSf  so  to  speak,  accidental^  for  the  efficient  cause  of  the  outbreak  was 
the  poiaoning  of  the  drinking  water  with  typhoid  evacuations.  And  he  also 
points  out  that  when  the  ground  water  lias  actually  bee.n  lowered  in  certain 
English  towns  by  drainage  operations,  typhoid  fever  has  not  increased  as  it 
should  do,  according  to  theory,  but  has  diminished,  owing  to  the  intro- 
duction of  pure  water  from  a  distance.  He  thus  thinks  that,  while  a  criune^- 
tioa  between  the  prevalence  of  typhoid  fever  and  sinking  of  the  grouml  water 
mnel  be  admitted  to  exist,  it  is  indirect,  and  the  true  cause  of  the  fever  ia 

*  QnoM  bv  KircbDer,  Lehfb.  der  BliKHjgiene.  1869,  pp.  217,  218. 
*    f  Zeitschrift  for  Biolo^e,  bdkud  i.  p,  1. 

*  ZeiUdk.  fiir  Biologie,  band  i.  p,  221,  and  band  0.  p.  1A&. 

i  EalMi,  liowever,  points  oot  tliat  no  typhoid  exiats  in  the  neigbboorbood  of  Mnnicb,  but  what 
fi  Mpcrteq  fhMn  Mtmicb,  Uthoui^h  soil  and  ground  water  ire  the  Mune.  Manicb  bas  a  Mil  con* 
ilillMg  of  tfi0  aBiid,  with  a  peculiar  power  of  holding  nltrogonoiu  aubstancea ;  it  ia  provided 
with  cew-poola,  fh>ni  which  more  than  90  per  cent,  of  the  cont«nt8  soalt  into  the  Kuiroundlng 
aoil,  and,  aa  the  atrwta  are  well  pavcsd,  the  houses  are  the  only  outlets  for  the  foul  soil-aJr, 

VirdiPWt  in  hia  Report  on  the  Sewerage  of  Berlin,  nhown  that  the  mortality  ia  greatest  in 
Jiilj  Kod  Xofftui,  tlhe  curve  oorretpondin^  aceurataly  with  thi»  variation  of  the  grouod  water, 
Um  daath-rate  betni^  gRftlcsi  at  the  Icyweat  level ;  thin  i^  chietly  due  to  deaths  under  one  year, 
Altha  lowwt  level  there  ia  every  year  a  little  epidemic  of  typhoid.  At  ZUridi  in  1872  the 
"  I  wm%  directly  opposed  to  Peltenkofer's  viewN  (See  LectoNa  on  State  Mcdirine,  p,  1011 
V  fiOQiiideTB  the  influeaoe  of  the  ri^  and  fall  of  the  ^und  water  a  local  matter,  and 
I  wftli'SBdolph  Rath  in  attributing  the  typhoid  of  Berlin  to  contaminatad  water.  The 
I  eC  inter  tnyasmlaaioa  (which  he  quotes  from  Hn^ler^  iu  the  Tillage  of  Laaaen  la  a  veiy 
tfoiifir*  oi>«,  (Schmidt's  Jahrblich.  1874,  No,  %  185  ;  alito  Archiv  fhr  Klin.  Ekledicin,  1873, 
pw  tt7:  aav  alio  an  abatrmct  in  the  Report  on  Hygieae,  Army  Med.  Rerporta.  voL  xv.  p.  1W). 

Viwl  of  Bern  (TrinkMraMer  o^ler  Bodengftse)  strongly  supports  Pettenkofer*!  Tiears,  and 
aoiittwi  the  fmpaintiQn  by  drinkinpr- water  na  illmionr- 

I  Bohttmn,  D«r  Typhna  in  deir  Kaaeme  xn  Neuati/t ;    ZeitsoL  dir  Biologie,  btnd  vi  p.  t, 
TWi  mmam  ftmg  evidenoe  in  favour  of  Pettenkofer'a  view. 
T  M«dlaa  ttmoi  and  Gaiette,  Maidi  1870. 
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impurity  of  the  drinking-water.  Pettenkofer  has  replied  to  this  view/  and 
dtnii*'j5,  from  actual  andyBia,  the  fact  of  the  oontaminution  of  tlxe  drijiking* 
water  in  typhoid  outbreaks. 

At  the  present  moment  the  observations  of  Pettenkofer,  and  the  oase  of 
barracks  at  Neiistift,  rocortled  by  Buxbaum,  are  certainly  in  favour  of 
opinion  that  a  direct  connection  may  exist  in  some  cases  between  the  si 
of  the  ground  wat^^r  and  outbreaks  of  typhoid ;  but  the  frequency  and  vx\ 
of  the  conufH^tinn  remains  to  he  deteniiineil,  and  in  this  country,  at  any  nU, 
the  other  conditions  of  spread  of  ty[>hr»id  appear  to  he  far  more  eommoQ, 

A«8uming   the   truth    of    the    (ronneetion,    the    other    c<>nditi<>ns   whkk 
Pettenkofer  considers  necessary,  besides  a  rapid  sinking  of  ground  waU^r 
an  unusual  rise,  are  impurity  of  the  soil  from  animal  impregnation,  he 
soil,  anil  the  entmiiee  of  a  specitic  ^rm,t 

A  very  similar  view  is  held  by  Pettenkofer  in  respect  of  cholera*  and 
has  a^lvancitd  many  striking  arguments  J  to  show  that  while  sporadic  cmmd 
tsholera  may  OL-cur,  that  there  will  be  no  wide-8pread  epidemic,  unleas  eesxUm 
conditions  of  soil  are  present,  viz.,  an  impure  porous  soil^  which  has  reoBttUf 
been  ren*lered  moist  by  a  rise  of  ground  water,  and  then  hus  been  penirimtsd 
by  air  dm'ing  the  fall  of  ground  water,  and  into  Avhich  the  specific 
(Ketm)  of  eholem  has  found  its  way.  As  in  tbe  case  of  typboi 
Pettenkofer  formerly  denied  thtit  cholem  could  \m  produced  l>y  impi: 
ing-water,  but  at  the  Sanitary  Conference  at  Vienna  in  1874  he  admiti 
occasional  propagation  in  this  way.§ 

In  Germany  Pettenkofer's  views  on  the  spread  of  cholera  have  not  met 
universal  acceptance, II  though  there  are  Severn  1  instances  in  support*      In  I 
the  weight  of  the  evidence  is  at  present  against  Pettimkofer's  views  ;1I 
iuve.itigations  are  now  going  on  which  wdl  in  a  few  years  fletiie  the  point 
is  d<*sirable  at  present  to  refrain  from  forming  a  ilecided  opinion^  except  i 
far  that  we  may  feel  sure  that  the  singidarly  localiaed  outbreaks  which 
times  occur  in  India  are  quite  unconnected  with  any  subsoil-water  varial 

In  the  report  of  MM.  Lewis  and  (-'unningham(o/j.  eit,)  it  is  shown  that 
cboleni  at  Calcutta  in  1873-4  followed  the  cnrvc  of  the  groimd- water  l«rrJ 
inveraely,  exactly  in  accordance  with  Pett^^nkofer's  views. 

Dysentery  and  the  so-cidled  biliotis  remitteut  fevers,  which  occur  in  fod 
camps  and  on  gromid  largely  contaminat4?d  by  animal  impurities,  may  he     ~ 
jectured  to  be  also  intluenced  hy   variations  in  the  ground   wat^r,  but 
factory  evidence  has  not  yet  been  given.     In  the  Calcuttji  Re]x>rt,  above  ci 
the  maximum  of  fever  corresponded  with  the  maximum  of  CO|  in  the 
atmosphere,  and  with  the  behest  ground-water  level.     Dysentery,  on 


hutl 


*  Ibid.,  June  187Q  ;  and  Viertcljahr»cbrift  fiir  o^entlicbe.    Gr«sQjida]]«itspfle|M«  1$70, 
ii.  pp.  1 7ft.  197. 

t  Viert«^ljithrschrift  fiir  oflentl.  Gea..  band  ii  p.  181. 

J  Among  liis  many  em&ytij  I  would  especiftUy  refer  to  his  Anii1}r«is  of  th«  Reftsoas  of 
Immunity  of  Lyons  from  ChoUra.    ^Zeit^h.  fur  BioL,  liand  iv.  p,  4(K>J. 

%  It  is,,  of  course,  to  1>B  nnderstood  that  the  impurity  which  aid r  in  producing  _^ 

deriviMl  fVom  persona  ill  with  the  dli^a.se.     For  a  diacus«Lon  on  Pettonkofer's  «ieira  cm 
point,  I  heg  to  refer  to  my  Report  on  Hygiene  for  1872,  in  the  Army  Med.  DepArtoiMrt  ~ 
vol.  xiii.  (1873). 

[|  A  careful  analysis  of  this  Aubjert  is  contained  in  F.  Kiichenmei^ter^A  work  (Verbreitot 
der  Cholera,  1872),  and  the  work  hv  F.  Sander  (Unters,  tiber  die  Cbolera,  1872).     Dr  FTttt 
(health  oflicer  of  Munich},  helieven  tliat  the  eholem  in  1873-4,  was  imported  fh>m  Viei 
pointi  out  that  in  1873  the  ground  water  and  death-rate  were  not  in  aoooi^azio*  vttll 
kofer'a  theory.     (H*e  Report  on  Hygiene,  Army  Med.  Report,  voL  it,  p.  TM), 

T[  TowuBend's  Report's  on  the  Chok^ra  in  Central  India  contain  m  mtm] 

water  oontd  have  had  no  influence,  that  it  apptnra  imposnble  to  accept  ...,,_  _ 

In  Dr  CortiiBh'a  Report  for  1871  are  some  good  observations  on  snbsoil  wat«r,  whi^  iC 
out  in  the  saiue  way  for  a  few  yearn  will  decide  thiii  question. 
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^Jmr  hand,  showed  two  maxima,  one  at  the  rise  of  the  wati?r-level,  and  the 
^ler  at  ihfii  oorrefipondlug  point  of  the  fall. 

3iea^irement  of  the  Ground  }Vaien—T\n^  height  at  which  water  stantls  in 
*eU»  IB  eoasidt-Rid  to  give  the  best  indication  of  the  height  of  the  giMDund 
niter.  Prt>fi3SSor  Pettenkofcr  uses  a  rod  on  which  arehxcil  a  number  of  little 
|ipe>  and  when  let  dowTi  into  the  well  and  drawn  np  again^  the  iippennost 
iSpy  whi*:h  contains  water,  niarkSj  of  course^  the  heiglit  of  the  water  ;  the 
'ini^th  tji  tho  cord  or  rc^l  used  for  letting  down  the  vnys  bein^  known,  the 
T  riL' level  of  the  weU  can  be  ostinmted  to  within  half  an  inch.     8ouie 

ioD«  are  necessary  in  making  these  obBervations  ;    if  a  rc»pr*  i^  iiseil,  it 
ret(_h  with  use  or  in  wet  weather,  or  contract  in  a  dry  hot  wind,  and 
I  .   mfike  the  ob8ervation  inconvct  ;  local  conditions  of  wi^U.^  pn>xiimty 

t>  rkvf r8,  Ac.,  iBiist  l>e  learnt,  eLse  what  may  }>e  tenued  loeiil  ultirrationa  in  a 
rell  may  V»e  wr«:nigly  supposed  to  mean  changes  in  the  getieml  level  of  the 
[round  water.  It  is  necessary,  thercjfore,  ti>  make  the  observatioii>i  aimub 
BUioou^ly  in  many  wells  and  over  a  con^idenibk^  liifitrici  Tlie  obm^rv^ationa 
^oiild  be  made  not  less  often  than  once  a  fortnight,  and  oftener  if  possible, 
iatl  be  carried  on  for  a  considerable  time  before  any  conclusioua  an?  drawn,* 
Afrthod  of  rendering  Soil  />r/t'r,— There  aratwo  plans  of  doing  this, — ^deep 
[rainage  and  opening  the  outHow,  The  laying  down  of  sewei's  ofk-n  carries 
iff  iivater  by  leaving  spacea  along  the  course  of  the  sewers  ;  in  some  casea 
ipecitd  iliuina  for  gronud  water  hiive  been  laid  by  the  side  of  the  ^*wer8,  and 
n  v»/ry  wet  soili?  this  seeai^  a  good  measurev  Deep  sod  ^iiiiimige  (the  drains 
^eing  from  8  to  12  feet  deep  and  tO  to  20  feet  apart)  is  useful  iu  all  BniLs 
pt  the  most  impermeable^  and  iu  the  tropics  should  be  carried  out  even  on 
are  appfirently  dry  sandy  pJmns, 
me  case^  sod  may  l»e  R-uilen_-d  drier  by  opening  the  outflow.  This  i* 
ng  problem  which  jihyfiicians  can  only  suggest  The  rlearing  of 
removal  of  obstructions,  and  formation  of  fre^sh  channels,  aro 
which  may  have  an  effect  over  very  large  ajeas  which  could  not  bo 
by  onlinary  drainage, 

Sud-Skction  TL 

SoLm  Constituents  of  the  Son.. 

}  afe  certain  general  features  which  can  be  conveniently  conFiiderod  first. 

/onfutinm  and  Elevation. — The  relative  amounts  of  hill  and  plain  ; 

elevation  of  the  hills  ;  then'  direction  ;  the  angle  of  slope  ;  the  kind,  size, 

.  depth  of  valleys  ;   the  chief  water-sheds,  and  the  direction  and  discharge 

water-eooises ;   the  amount  of  faU  of  plains,  are  the  chief  jwints  to  be 

[ideired. 

ong  hills,  the  unhealthy  spots  are  inclosed  vaDeys,  punch -bowls,  any 
1  where  the  air  must  stagnate  ;  ravines,  or  places  at  the  head  or  entrancMS 
ftTinea. 

I  the  tropica,  especially,  ravines  and  nullahs  are  X<^  he  avoided,  as  they  are 
Med  with  decaying  vegetation,  and  cuiTents  of  air  fre«piently  tr^iverse 
SHL  During  the  heat  of  the  day  the  current  of  air  is  up  the  i-avine  ;  at 
mght  down  it  As  the  hills  cool  more  rapidly  than  the  sumiundiug  plains, 
the  latter  current  is  especially  <  langerous,  as  the  air  is  at  once  impure  and  coM 
The  worst  ravine  is  a  long  nan'o^v  vrdley,  contracted  at  its  outlet,  so  as  to  liam 
tip  the  wat<»r  tMihind  it  A  ssiddbdyack  is  usually  healthy,  if  not  too  much 
'  ;  so  are  positions  near  the  top  of  a  slope.     One  of  the  most  difficult 

^PvUenVofer  also  t»eti  a  lArg«  float  which  is  suspended  by  a  chain  traTelliiig  over  a  pulley : 
1  nipporU  an  indicator  at  ita  other  end^  which  marks  the  height  oa  a  fixed  scale* 


« 
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points  to  (letennbe  in  hillj  regioDfl  is  the  probable  direction  of  winds; 
are  often  do  fleeted  from  their  course,  or  the  rapid  cooling  of  the  hillB  at 
produces  alteration. 

On  pkinB  til©  most  dangerous  jKiinta  are  generally  at  the  foot  of 
especially  in  the  tropics,  wharo  th«  water,  stored  up  in  the  hillsy  and  ^ 
to  the  plain,  ctm^es  an  exuberant  vegetation  at  the  border  of  the  bill& 

A  plain  at  the  foot  of  hills  may  be  heathy,  if  a  deep  ravine  cuts  off 
pletely  the  drainage  of  the  hill  behind  it. 

The  next  most  dangerous  spota  are  depresaions  below  the  level  of  the 
and  into  which  th*m'fore  there  is  drainage*     Even  gravelly  soils  may  be 
from  this  cause,  the  water  rising  rapidly  through  the  loose  eoil  from 
pressure  of  higher  levels. 

Elevation  act*  ehietly  by  its  etleet  in  lessening  the  presaure  of  the  air,  and  ii 
increasing  the  rapidity  of  evapon*tiou  (see  Cumatb).     It  has  a  powerfiil  e&d 
on  nmr«hcs  ;  high  elevntiont*  lessening  the  amoiint  of  miliaria,  partly 
rapid  evaporation,  partly  from  the  greater  production  of  cold  at  nigl: 
malarious  mai-ghes  may  occur  at  great  elevations,  even  6000  feet  (' 
and  ilexieii). 

2.  Vegttatkm. — The  effect  of  vegetation  on  ground  is  very  important  In 
cold  cHmatea  the  sun's  rays  are  obstructed,  and  evaporation  from  the  groaal 
is  slow  \  the  ground  is  therefore  cold  and  moist,  and  the  removal  of  wood 
renders  the  climate  milder  and  tlrlen  The  extent  to  which  treee  impod«  lb 
passage  of  water  through  the  soil  is  considerable. 

In  hot  countries  vegetation  shades  the  ground,  and  makes  it  cooler.  Tin 
evaporation  from  the  surface  is  lessened  ;  but  the  evaporation  from  the  tb§^ 
tation  is  so  great  as  to  prcHliice  a  perceptible  lowering  effect  on  the  tempenttnt 
of  a  place.  Pettonkofur  has  iatuly  calculiittMl  that  au  oak  tree  which  hid 
751,592  leaves^  had  during  the  summer  months  (May-October)  an  evapondaon 
equal  to  539  T  ceiitimetrea  (  =  212  inehea),  while  the  rainfall  was  only  IS 
centimetres  (  =  25 '6  inches) ;  so  that  the  evaporation  was  8 J  timea  thi;  liill* 
faU  :  tliis  ahows  how  much  water  was  abstracted  from  the  soil,  and  how 
air  must  have  been  moistened  and  cooled.* 

The  hottest  ami  driest  places  in  the  ti^ipics  are  those  divested  of  traes^f 

Yegetati^m  producers  also  a  great  effect  on  the  movement  of  air.     Its 
is  checked  ;  and  sometimes  in  thick  cl asters  of  trees  or  underwood  the 
almost  stagnant.     If  moist  and  decaying  vegetation  be  a  coincident  ooodilioi 
ol  such  stagnation,  the  most  fatal  forms  of  malarioua  disease  an>  priHlnoed. 

Yegetation  may  thus  do  harm  by  obstructing  the  movement  of  air  ;  on  Ai 
other  band,  it  may  guard  from  currents  of  impure  air.  The  proteetiire  tnAl- 
ence  of  a  Itelt  of  trees  against  malaria  is  most  striking. 

In  a  hygienic  point  of  view,  vegetation  must  lie  tlivided  into  herhogn,  bnu^ 
wood,  an<i  trcies  \  and  thei*o  shouhl  be  severally  comment4><i  on  in  rep*7rt& 

Herbage  is  always  healthy.    In  the  trcipicj?  it  cools  the  ground,  l>oth  by  ob- 
atnicting  the  sun  s  rays,  and  by  aiding  evaporation  ;   and  nothing  is 
desirable  than  to  cover,  if  it  bo  possibk^,  the  hot  simdy  plainjs  of  the 
with  close-cut  grass. 


howtty 


Recent  obaenations  in  Alfem  (Gimbert),  »how  thnt  the  EucalyptHS 
i-UJl ;  extremely  iniilmrious  places  b«ing 


\  Urn  tnpa 


evapomtes  12  timea  the  rain 
wjiy  in  four  or  Jive  ye^rs. 

t  It  lias  t«e!i  proposed  (by  Mr.  Miliio  Home)  to  pUat  trees  at  Malta,  wilh  ilw  t««  tf 
impro^inj^  and  rfgiilatiiig  the  wat«r-Hiiiv|»ly, 

Mr  liuljtirt  L.  Sterenson  has  oonfltdered  th«  tb^nnal  influence  of  foreataL  in  a  m»«r  ht^ 
Proceed] iigft  of  tlie  R4)yal  Society  of  EdlnbnrRli,  U^th  May  1873).  Sia^  Imb  ft^Mtal 
ocmducton  \  the  air  of  foresta  is  generally  <:oo!er  thau  free  air,  and  oeHainlj 
cleared  taads  ;  forests  heai  the  air  daring  tne  day  and  chill  it  at  night. 
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&ildiWDod  10  &6qtiently  bad^and  sliould  oiUm  be  Feniovf^cL  Tbeie  is,  how- 
evidenee  that  the  removal  of  brushwood  from  a  marsh  has  increaaed  th^ 
•iroliitioii  of  iDalariai  and  that,  like  ti^ea,  bniehwood  niay  somotiiiies  offer  ob- 
Slniction  to  the  pBaage  of  malaria*  It  miiBt  al^o  be  remembered  tliat  lie  re> 
moTal  will  sometimiss,  on  acoount  of  the  disturbance  nf  the  g^routid,  increase 
malarioQii  diaeaiie  for  the  tune  ;  and  there  fui-e^  io  the  ea.^  tit  a  tem|)4irary  camp 
in  a  hot  malarious  country,  it  is  often  deairable  iky  avoid  disturbing  it  WTilii 
FBiDaved,  the  work  shiiuld  lie  carried  on  in  the  Imai  of  the  day,  t.t.,  not  in  the 
obtJt  moniiqg,  or  in  the  evening, 

Tnses  diould  be  removed  with  judgment  In  cold  c-ouDtrie«  they  shelUT 
cold  wioilfl  J  in  hot,  they  cool  the  ground  ;  in  both,  they  may  protect 
maLmoUd  currents.  A  decide*.!  and  j«eraiciou«  interference  with  the 
of  air  abould  be  almofit  the  only  reaa*:)n  for  removing  theuL  In 
of  tli«»  hottett  countries  of  the  workl^  as  ia  Southern  Biu-mah,  the  in- 
habitants pkce  their  hou^iea  under  the  trees  with  the  best  effects  ;  and  it  was 
a  rale  with  the  Romans  to  encamp  their  men  auder  trcess  in  all  hot  co  tin  trie  a. 

The  kind  of  vegetation,  except  as  being  indicative  of  a  damp  or  dry  soil, 
does  not  appear  to  be  of  importance. 

Abmrption  of  HejAi ^—Thf^  heat  of  the  sun  m  abfli>rbed  in  ditierent  amounts 
h  *  "^  lit  soils  equally  shielded  or  unshielded  by  vegetation.  The  colour 
I'l  and  ita  aggregation  seem  chictly  tt»  det«>rmine  it     llie  dark,  lo<:»Si% 

ilLOolltitt?iit  sandfi  are  the  hottest ;  evun  in  t^emperate  climates  Arago  found  the 
tHB|ittitllie  of  sand  on  the  surface  to  be  122^  Fahr.,  and  at  the  Cape  of  Good 
Hope  Hersehel  observed  it  to  be  no  less  than  159'.*  The  heating  power  of 
tbe  ann's  mre  id  indeetl  excessive.  In  India,  the  tbemiometer  jdaced  on  the 
grpimd  and  exposed  to  the  8un  will  mark  160"  (Buist),  while  2  fiM?t  from  the 
ground  it  will  only  mark  12*r,  Ikmt  thiaks  that  if  i>rotect^  (nmi  currents 
of  air  it  would  mark  212'  when  phiced  on  the  groujui  Tlie  absorbing  and 
adaaiing  powers  of  soil  are  not  necessarily  ei|ual,  though  they  may  he  sa 
OtnerUly  the  radiating  power  is  more  raidd  tlian  the  absorbii^  ;  boIIb  cool 
more  rapiiily  than  they  heat.  tSome  of  the  mai-whes  in  Mexico  cool  so  rapidly 
ttt  night  that  the  evolution  of  malaria  is  sto[i]je4.U  and  the  marsh  is 
not  dangerooa  during  the  night  A  tberiutimeter  marked  32*  Fahr,  (ju  the 
groond,  while  16  feet  above  the  ground  it  nisirked  50'  Fahr,  (Jouitlanet), 

In  Calcutta,  Lewis  and  Cnnningbam  (op,  cit.)  found  that  the  temj>emture 
of  the  aoil  varied  with  the  seosom  In  hot  weather  the  tlierraometer  stcwd 
hjgheat  in  the  air,  next  highest  in  the  upper  gtratum  of  the  8oil^  and  luwe^^t 
in  tlie  lower  atratunL  In  cold  weather  the  conditions  were  exactly  re\  ersed, 
the  air  being  coolest  and  the  lowest  stratum  of  soil  the  hottest.  During  rain, 
hiofwevetf  these  relations  were  not  constant. 

With  peganl  to  abstjrbing  power,  the  foU owing  table  by  Schiiblor  contains 
tbo  only  guod  exptsriments  at  present  known  :— 

Potter  of  rdatuhitj  heat  ;  100  being  ct^timed  an  the  daudard. 


Bftoil  with  some  lime, 
Pun;  sand, 
light  clay.     . 
Gjrpsttm, 
Hasrychiy 

Tbagnsat  ab»ttrlM( 
tire  eoIdnt«i  of  tlit 


Clayey  earth, 
Pure  clay, 
Fine  chalk, 
HtunuB, 


684 

61 '8 
49 


100 

95-6 
76^9 
73*2 
7111 

r  of  the  sands  is  thus  evident,  and  the  compara- 
li  humus.     Herbage  lessens  greatly  the  ahs(jrbing 
of  the  soil,  and  nuLiation  is  more  rapid.     On  the  Orinoco,  a  naked 

•  Mcteoro!agy,  p.  A, 


338  mwEk 

granite  rock  has  been  known  to  have  a  temperature  of  1 1 8*  Faht^ 
aditicent  n>ck^  covered  with  grasB,  had  a  tempore tur©  32*  lower. 

In  cold  countries,  thei'efore,  tho  clayey  ioils  are  cold,  and  as  they  ito  alio 
damp,  they  favour  the  production  of  rheumatiam  aud  catarrhs  ;  the  nadl 
are,  therefore,  the  healthiest  soib  in  this  resiject  In  hot  cotmtriea  the  ma(k 
are  objectionable  from  their  beat,  unlasa  they  can  be  covered  with  giMH 
They  sometimes  radiate  heat  alowly,  and  therefore  the  air  is  hot  ov^  them  1% 
and  night. 

The  sun^s  rays  cause  two  currents  of  heat  in  floil :  one  wave  diarnal,  tin 
heat  passing  down  in  temperate  climates  to  alx^ut  4  feet  in  depth  dufing  tin 
day,  and  rece<ling  during  the  night — ^the  depth,  however,  varying  with  tfai 
nature  of  the  soil,  and  with  the  season  ;  the  other  wave  is  annual,  and  ia 
temperate  climates  the  wave  of  summer  heat  Ttiachea  from  iiO  to  100  fni 
The  line  of  uniform  yearly  temperature  is  from  57  to  99  feet  helow  the 

(FoTh'8). 

Not  only  does  the  amount  of  radiation  differ  in  difTerent  soils^  but  a 
is  pRKkicml  in  the  heat  by  the  kind  of  soil  The  remarkable  reaeittdMit 
Tyndall  hftve  shown,  that  the  heat  railiated  from  granite  jiasses  through  aqt 
vapour  much  more  readily  than  the  heat  radiatt^l  by  water  (though  the  pMi^ 
m  much  more  obstructed  than  in  dry  air).  In  other  words,  the  lunmuma  bill 
rays  of  the  sun  pass  freely  through  ai(ueous  vapours,  and  fall  on  wiloriai 
granite  ;  but  the  absorption  produces  a  change  in  the  heat^  ao  thfti  H  mm 
again  from  water  and  granite  changed  in  quality  ;  it  will  be  moai  impoilnl 
for  idiyflicians  if  other  soils  are  found  to  produce  analogous  chiUigiafl^ 

With  n^ganl  to  the  effect  of  tem]>eratiire  olthe  soil  on  distitaae,  it  eao  bn!% 
be  doubtefl  that  it  powerfully  intiuencea  malaria,  and  probably  also  aiib  lb 
progreAB  of  eliolera, 

Rpflertion  of  LJ(/hf.— This  is  a  matter  of  colour;   the  white  glaring  nfll 
reflect  light,  and  such  soils  are  generally  also  hiit,  as  the  mys  of  heat 
reflected.     The  effect  of  glare  on  the  eyes  is  obvious,  and  in  the  tropiis 
becomes  a  v^ery  important  point     If  a  spot  bare  of  vegetation^  and  wi 
white  surface,  must  be  used  for  habitations,  some  good  result  might  be  ol 
by  colouring  the  houses  pale  blue  or  green- 
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Chcmiad  Composition  of  the  Solid  Parts  of  SoUa, 
Vegetable  Matters, — ^Almost  all  soils  contain  vegetable  matter. 
in  three  chief  forms — deposits,  vegetable  dehrls^  and  encrustationjiv 
occur  in  tracts  of  land  which  have  been  covered  by  silt  brought  down  by  1 
or  which  have  beeu  submerged  by  subsidence  ;  forests  have  been  thus  bmied* 
end  again  elevated.  In  the  marshes  of  the  Tuscan  Maremma,  aud  in  inaftj 
other  cases,  the  vegetable  forms  can  be  traced  without  difficulty  to  a  txmakat' 
able  depth,  aud  the  structure  is  even  s^jmetimes  httle  changetl,  altboi^  « 
vast  a  period  of  time  has  elapsed.  Vegetable  delrris  produced  by  the  dvoif 
of  plants  lies  on,  or  is  washed  into,  the  soil,  and  in  this  way  the  ground  B»f 
be  peaetnited  to  great  depths^  In  some  cases,  especially  in  aandv  plain*  tt 
tlie  foot  of  hills,  the  rain  brings  down  very  finely-divided  d^bri^  and  » 
Jilter:?d  as  it  passes  thrtuigh  the  soil,  so  that  each  particle  of  sand  beooiBS 
cofitod  over  or  encrti^ted  with  a  film  of  vegetable  matter.  If  such  a  plainly 
subjected  to  alternate  wettings  aud  dryit^ri^  and  to  heat,  the  condltians  d 
development  of  malaria  may  be  present  in  great  intensity  j  although  thmt  ii 
not  only  no  marsh,  but  the  sand  is  to  all  appearance  dry  and  pore, 

Aniwa!  moHm-B. — The  remains  of  animals  are  found  in  all  but  the  iilabA 
rorks ;  generally  the  animal  constituents  have  disappeared,  but  it  is  tmuA- 
able  how  ia  some  caseSp  even  in  geological  formations  as  old  oa  the  teitnsf 
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ataltt,  mme  anitiml  matter  may  be  found.  On  the  Burfac^?  there  is  perhaps 
DO  aoil  which  does  not  contain  some  animal  matUira  derived  from  dead  animals 
or  excreta,  although,  except  in  special  oaees,  the  amount  i«  BuialL  The  soil 
of  ooimtxiee  which  have  been  long  settled  la,  however,  often  highly  impure  in 
Uie  neighbourhood  of  habitatiomi  from  the  refuse  (avumod  and  vegritaMe) 
wliififa  b  thiown  out  In  aome  loose  ©oila  ceen-pit^a  used  for  lifty  years  have 
lievir  been  emptied,  and  are  stiU  not  fidl,  owing  to  soakage.*  Pijtk'nkofer 
eoigeeluresthat  in  Munich  90  per  cent  of  the  excretions  pa^s  into  the  gi-ound. 
Ill  cbkjBj  soil  there  ia,  of  course,  much  lesi^  infiltration  than  in  aandy,  and 
often  flcaroBly  any.  In  India,  the  iiitriti cation  of  vast  tnicU  of  land  ib  for  the 
movt  part  owing  to  the  oxidation  of  aniniaJ  reftiae. 

A  means  of  purification  from  animal  impregnation  has  been,  however,  pro- 
Tided  bj  oxidation,  and  by  the  influence  of  growing  y^etation.  In  all  soila, 
except  the  hottest  and  driest,  animal  refuse  passes  into  nitrates,  nitntea,  and 
ammonia  and  fatty  hydrocarhonB,  rather  rapidly,  and  these  are  eagerly 
afatorbed  by  vegetatiom  A  meami  ia  therefore  |xiinti:;d  out  wMch  may  kc^p 
the  iotl  eleiir  foom  dangerous  animal  imprBgnations,  and  thus  is  no  doubt  one 
why  impfovomont  in  public  health  f<jnoWB  imppjved  cultivation.     It 

i  tteeome  c^uite  clear  that  in  the  plane  for  the  disposal  of  the  human  and 
]  excieta  of  towns,  whether  by  wet  or  dry  methods,  an  easential  part  of 
Ibft  plan  is  to  aubmit  these  excreta  to  the  iiiBuence  of  growing  planta  as  soon 
aa  poieibleb 

Mmeral  maitefs, — An  immense  number  of  mineral  flubstancea  are  scattered 
through  the  cru«t  of  the  earth,  but  some  few  are  in  great  prei>onderance,  vtz., 
compoosda  of  silicon,  aluxniniuni,  calcium,  iron^  carbon^  chlorine,  phosphorus, 
potaadnin,  and  aodium. 

Di  examining  the  constituents  of  the  soil  round  any  dwellings,  the  immediate 
local  o^nditions  are  of  more  importance  than  the  extended  geologic^  genemlisa- 
lioiia ;  it  i%  BO  to  speak,  the  houae  and  not  the  regional  geology  wliich  i8  of 
IMa  Still  the  general  geological  conditions,  as  induenciog  conformation  and 
tlie  ttovaineini  of  water  and  air  through  and  over  the  country,  are  of  great 
tmpQttanoe. 

L  The  Oraniiie,  Metamorphie^  ami  Trap  Rmk^. — Site«  on  these  formations 
are  tiauidly  healthy  ;  the  slope  is  great,  water  runs  off  readily  ;  the  air  is  com- 
paimtively  <lry  ;  vegetation  is  not  excessive  -  marshes  and  undaria  are  compara- 
tively  infrequent,  and  few  impurities  pass  into  the  drinking  water. 

When  theee  rock«  have  been  weathei-ed  and  disinti^gratetl,  they  art?  supposod 
to  be  unhealthy.  Such  soil  is  absorbent  of  water ;  and  the  disintegrat-ed 
gKanite  of  Hong-Kong  is  said  to  be  rapidly  permeated  by  a  fungus  ;t  but 
evidence  aa  to  the  effect  of  disintegrated  granite  or  trap  is  really  wanting. 

In  Bnuill  the  syenite  becomes  coated  with  a  dark  substance,  and  looks  like 
jplninbagp,  and  the  Indians  believe  this  gives  rise  to  "calentura,"  or  fevers, 
^[hfb  dark  granitoid  or  raetamorphic  trap,  or  hornblendic  rocks  in  Mysore,  are 
alao  oatd  to  cause  periodic  fevers  \  and  ircDn  hornblende  es|)ecially  was  atErmed 
hf  Dr  Heyne  of  Sladras  to  be  dimgerous  in  this  resfiect.  But  the  obaerva- 
tione  of  Hichter§  on  similar  rocks  in  Saxony,  and  the  fact  that  stations  on 
tha  lower  spurs  of  the  Himalayas  on  such  rocks  are  quitc^  healthy,  negative 
Hejne^a  opinion, 

%  The  day  Si^jUe, — Theae  rocks  precisely  resemble  the  granite  and 
graniioid  lormationa  in  their  etiect  on  health*     They  have  usually   mucli 

•  O0ttitb«iiii  in  Bn^ le  (Pas  antenriliacUe  B«m1,  I86d). 

iOA  Aaieiu  von  C,  Friedel,  ld6S, 
ll'Waikms  on  Yellow  Fever  in  Brazil,  n.  7, 
ItehBid^f  Jahrbiidi.  18H  No.  5.  p,  240. 
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elope  ;  are  very  impenneable ;  vegetation  is  scanty;  and  nothing  is  addadi 
air  or  to  iliinking  wat-er. 

They  are  cousoqu<?ntly  healthy.  Watar,  however,  is  often  scaroe ;  uA,  m 
in  the-  granite  districts,  there  art*  swoHen  brooks  during  rain,  and  dry  MnXe^ 
couTiw^  at  other  times  sweUing  rapidly  after  rains. 

3.  The  Limestone  and  Magnemin  Luta^idont  Rr^ks. — These  bo  far  leiemblA 
the  former,  tliat  there  is  a  good  deal  of  slojje,  and  rapid  passing  off  of  wiIck. 
Marshes,  however,  ai*e  more  common^  and  may  exiet  at  great  heights  In  tlul 
case  the  marsh  ib  probably  fed  with  water  from  9<:)me  of  the  laj^  canted 
which,  in  tbe  course  nf  ages,  become  hollowijil  out  in  the  limestone  roelca  bf 
the  carbonic  acid  of  tbe  rain,  and  form  reservoirs  of  water. 

The  diinking  watf?r  is  hard,  s] >arkHn^,  and  clear.     Of  the  various  ktndi of 
limf'stone,  the  hanl  oolite  is  tbe  best,  and  magnesian  is  the  worst ;    and  f 
desirable  not  to  pnt  stations  on  ma^mesian  limestone  if  it  can  be  aroidtni 

4.  ne  Ohnlk. — The  chalk,  when  unmixed  with  clay  and  ]iermeabJi!v  fa 
a  very  healthy  soil.     The  air  is  pure,  and  tbe  water,  though  chargtHl 
carbonate  of  lime,  is  clear,  sparkling,  and  pleaBant     Goitre  ia  not  nenrijj 
common,  nor  apparently  calcnlua,  as  in  the  limestone  district*. 

If  the  chalk  be  marly,  it  becomes  impermeable,  and  is  then  often  ihunp  i 
cohL     The  lower  part^  of  tbe  cluilk,  which  are  iinderLoid  by  gntdt  day^  i 
wlilch  also  receive  the  drainage  of  the  parts  alxive,  are  oft*?n  very 
and  in  America,  some  of  the  most  marshy  districts  are  on  the  chalk. 

5*  TIte  Sumhtoms. — The  permeable  sandatones  are  very  healthy  ;  both  i 
ami  air  are  dry ;  the  drinking  water  is,  however,  sometimes  impiira  If  1 
sand  be  mixeii  with  much  clay,  or  if  clay  miderlies  a  shallow^  sand-rock,  1 
site  is  sometimes  damp. 

Tbe  ban!  millstone  grit  formations  are  very  healthy,  and  their 
reeemble  those  of  granitf;, 

6.  Graveh  of  any  depth  are  always  healthy,  exc^ept  when  they  are  miMi 
below  the  general  surface,  and  water  rises  tlmiugh  them.  Gravel  hillocks  ii* 
the  healtliiest  of  all  sites,  and  the  water,  which  ofU*n  flows  out  in  springs  seir 
the  basit*,  hiding  held  up  by  nuderUdng  clay,  is  very  pure, 

7.  Sftnds. — There  are  both  healthy  and  nnhcalthy  santls.     The  healthy  i 
the  pure  sands,  which  contain  no  organic  matter,  and  are  of  consider 
depth.     The  air  is  pure,  and  so  ia  often  the  drinking  water.     Sometimes  i 
drinking  wat-er  contains  enongh  iron  to  liccome  hard,  and  even  cbalyl] 
The  unhealthy  santls  are  those  which,  like  the  sulx^oil  of  the    LandfiA^  S~ 
south- west  France,  an?  composed  of  siliceoua  particles  (and  some  iron),  held 
together  by  a  vegetable  sediment 

In  other  cases  sand  is  unhealthy,  from  iinderlving  clay  or  laterite  near  1 
surfat'e,  or  from  being  so  placed  that  water  rises  thnaigh  itjs  fjernieablc 
from  higher  levels.     Water  may  then  be  found  within  3  ur   4  feet  ol 
surface ;   and   in   this   case  the    sand   is   unhealthy,   and   often 
Impurities  are  retauied  in  it^  and  effluvia  traverse  it 

In  a  third  class  of  cases,  tbe  sands  are  unhealthy  because  tbey^  oool 
soluble  minend  matter.     Many  sands  (as,  for  example,  in  the  Pux^ahX  c 
tain  much  carbonate  of  magnesia  and   lime   salts,  as  well   as   mdtm  of 
alkalies.     The  drinking  water  may  thus  contain  large  quiuitities  i>f 
chloride,  sodium  carbjimato,  and  even  lime  and  magiiesian  salts  and 
Without  examination  of  the  water,  it  is  im|>ossible  to  detect  thr^se  potiiliL 

8.  Ohiyj  Dtm^ie  MurU^  and  Anntial  SuiU  generaUy^ — Th*»se  an5aIwmjBli 
1x5  reganled  with  suspicion.     Water  neither  nins  off  nor  runs  thpoiigh  ; 
air  is  moist ;  marshes  are  common  ;  the  composition  of  tbe  water  variea.  In 
IB  often  impure  with  Hme  and  soda  salta.     In  alluvial  soils  therer  am  off 
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Rtions   of  thin   strata  of  sand,  and   sandy  impermeable  clay;  much 

etiiblif  matter  is  often  mixed  with  this,  and  air  aod  water  are  botjx  impure. 

.  tracts  of  ground  in  Bengal  and  in  the  other  ptirts  of  India,  along  the 

of   the  great  rivers  (the  (laDges,   Emhuiapootra,  Indus,    Nerbudda, 

,  &c.),  are  made  up  of  sods  of  this  description,  and  some  of  thf  most 

Dftant  stations  even  up  country,  such  aa  Cawnporo,  are  placed  on  such 

The  delt^is  of  great  rivers  present  these  alluvial  character  in  the  highest 

r   dojgree,  and  should  not  be  cboseu  for  sit^es.     If  tbey  must  be  taken,  only  the 

moet  thorough  drainage  can  make  theni  healthy.     It  is  astonishing,  however, 

*  what   goo«I  can  be  effected  by  the   drainage   of  even   a   small   area,  quite 

Buffiment  to  affect  the  general  atmosphere  of  the  place ;  this  shows  that  it  Is 

local  daiiijuiess  and  the  effluvia  which  are  the  most  hurtful 

Oultivntrfl  SoUm. — Well-cultivated  soils  are  often  healthy,  nor  at  present 

I  if  been  proved  that' the  us**  of  man im^  is  hurtful     Irrigated  lands,  and 

eially  rice  fields,  which  not  only  give  a  great  surface  for  evaporation,  but 

send  u]j  organic  matter  into  the  air,  are  hiirtfuL     In  Xorthern  Italy, 

there  is  a  very  perfect  system  of  irrigation,  t!ie  rice  grounds  are  ordered 

kept  14  kilometres  (  —  8*7  mUes)  from  the  chief  cities;  9  kdometi-es 

*6  miles)  from  the  lesser  cities  and  the  forts  ;  and  1  kilometre  (=  1094 

a)  from  the  smaU  towns.     In  the  rice  countries  of  India  tliis  point  should 

be  overlookal 

'  10.  M(vi^  tSfjiU. — The  inequalities  of  ground  whicii  is  to  lie  built  upon  are 

[chI  up  with  whatever  happens  to  he  availalile.     Very  often  the  refuse  of  a 

the  cindi^rs,  or  dust-beapa,  after  being  raked  over,  and  any  saleable  part 

ttg  removed,  are  used  for  this  purpose.     In  other  cases,  chemical  or  factory 

of  some  kind  is  emjdoyed.     The  soil  under  a  hoTUse  is  thus  often 

lely  impure.     It  appears,  however,*  that  tlie  organic  matters  in  soil 

ioally  disap]iear  by  OKiiliition  and  removal  by  rain,  and  thus  a  soil  in  time 

fies  itself.     The  length  td  time  in  which  this  occurs  ivill  niicessarily  de]>end 

I  amount  of  impurity,  the  freedom  of  access  of  air,  and  the  eaae  with 

.  water  passes  through  the  soil     In  the  soil  at  Liverpool,  made  from 

ler  refuse,  vegetable  matters  dieapjieared  in  aliout  tliree  years  ;   textile 

ica  were,  however,  much  more  permanent  ;   wood  and  straw,  and  cloth, 

Totten   and    partially   ilecayed    in    three  yeans,   but  had   not   entirely 

appeared.     In  any  made  soil,  it  should  be  a  condition  that  the  transit  of 

through  its  exit  from  the  sod  shall  bo  unimpeded     The  practice  of  hll- 

;  up  ine<|ualitie8  is  certainly,  in  many  cases,  yery  objectionable,  and  should 

be  done  under  strict  supervision* 

Sub-Section  TIL 

-Doubts  have  been  exprGssed  whether  those  paroxysmal 

i^are  curable  by  quinine,  are  product^d  either  by  telluric  effluvia, 

[by  substance.^  passing  frtjm  the  soil  into  the  drinking  water*    The  evidence, 

ever,  appears  to  me  conclusive  in  favour  of  both  these  modea  of  entrance 

the  boily,  although  the  particular  agency  (whether  a  plant  or  some  non- 

etlluviiim)  liaa  not  been  recognieticL     I  presume  it  may  now  he 

aed  that  such  fevers  are  not  produced  by  heat  or  electricity,  or  great 

Qxerciae  in  the  sun,  or  chill,  or  any  other  alleged  cause  of  the  kind,  but  must 
own  a  special  and  constant  agent  which  can  Imrdly  be  a  gas.  The  etficient 
condition  is  apparently  some  kind  of  decomposition  or  fermentation  going  on 


342 


SOILS. 


in  tbe  soil,  especiaUy  when  tlie  conditiotifl  come  togetlier  of  oi^gpnie  ] 
the  soil,  of  nHiiBttirt',  h(>at,  and  limited  access  of  air. 

If  it  he  aaked,  What  exact  chemical  conditions  of  soil  prudace  the  ] 
wliich  causes  pprifKlical  fevers  1  the  answer  cannot  Ije  given^  because  no  pMl 
cheiiiiat  has  ever  Bystpmatieally  prosecuted  this  inquiry,  and,  in  fact,  it  wsj 
be  sjaid  that,  eiugnlaily  enough,  there  are  few  good  analyses  oJf  nmlarious  amk 
although  no  piLfitleni  m  perhaps  more  important  to  the  human  race.  It  mmt 
pr^ty  clear  that  the  mineral  constituents  of  the  ioO  are  of  little  or  no  ooni^ 
quence.  Malaria  wdl  prevail  on  chalk,  limefitone,  sand,  and  even,  ujidiff 
special  conditions,  on  granite  aoile, 

ITie  following  soils  have  been  known  to  cause  the  BTolution  of  tine  mgnt 
caui^injsf  pericwlieal  fevers  in  the  malarious  zone, 

1.  MiiTslim, — Except  those  with  peaty  soils,  those  whicli  axe  regolarlf  OfW* 
llowed  hy  the  sea  (and  not  oecusionaOy  inundated),*  and  the  marahes  in  tb 
southern  hemiKphere  {Australia,  New  Ze^aml,  New  Caledouia),  and  soitt* 
American  marBlies,  whicli,  from  some  as  yet  imknown  condition,  do  not  jirk 
duce  nifllaria, 

Tlie  chemical  characters  of  well-marked  marshes  are  a  laige  peroenta^  iif 
water,  but  no  flooding  ;  a  large  amount  of  organic  matter  (10  to  45  per  cent) 
with  variable  mitit^ml  constituent*  ;   sihcatea  of  altmiina  ;    sulphates  of 
magnesia  and  alkalies  \    carhonatc  of  lime,  &c.     The  surface  is  Hat^ 
slight  dminage  ;  vegetation  is  generally  abundant 

The  analyses  of  the  worst  malarious  marshes  show  a  large  amount  iA  ' 
table  organic  niatter.  A  marsh  in  Trinidad  gave  35  per  cent ;  tlie  ) 
layer  in  the  Tuscan  Maremma  30  per  cent.  The  organic  mattef  is  nadi  vp 
of  humic,  iihriie,  crenic,  and  apocnmic  acids — all  substancea  which  reqtiiie  »- 
newed  investigation  at  the  hands  of  chemiats.  Vegetable  matter  embedU 
in  the  soil  decomposes  very  slowly  ;  in  the  Tuscan  Marenima,  which  i 
liave  exist^?d  many  centuries,  if  not  thousands  of  years,  many  of  the 
are  stLn  undestroyc^.  The  slow  decomposition  is  much  aided  by  boat,  ^ 
makeis  the  soil  alkaline  from  ammonia  (Angus  Smith),  and  retarded  by  < 
which  niiikes  the  ground  acid,  especially  in  the  case  of  peaty  aoila* 

ll  wotdil  now  seem  tolerably  certain  that  the  growing  vegetaticm  i 
marshes  hfis  nothing  to  do  with  the  development  of  malaria. 

2.  AUttmai  Soih, — ^^lany  alluvial  soils,  especially,  as  lately  pointed  ool  1  _ 
Wen^ljt  those  most  rtjcently  formed,  give  out  malaria,  although  they  iiv  IM^I 
marsh3\  It  is  to  be  presunietl  that  the  newest  alluvium  contains  more  oipdik 
matters  and  salts  than  the  older  formations.  Many  alluvial  soila  baTe  a  fiat 
surface,  a  baxl  outfall,  and  are  in  the  vicinity  of  streams  which  may  msm 
great  variations  in  the  level  of  the  ground  water.  Mud  banks  aleo^  on  thi 
siile  of  large  stn^aras,  esp.cially  if  only  oecasionally  covered  with  watery  jsaif 
he  highly  malarious  ;  and  this  is  the  case  also  with  deltas  and  old 

3.  Tlie  soils  of  tropical  valleys,  ravines,  and  nidlahs.      In  many 


ST  cent) 
rif  hi«^ 
,  witii^l 
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Tlte  effect  of  salt  ^ater  on  marsliefi  \&  a  problem  ivbicli  Yms  been  isjuch  debsttd.  nd  ! 


believe  the  stutement  in  the  text  reconciles  most  opinions.  It  wm  th«  older  wiilggi  tayftlMi 
Lnnci^i,  imd  Friogle)  who  JiiJ4i«tt)d  on  the  noxiouji  qualities  of  exbalatioiLB  from  lamfa  «||fc 
water  containing  salt,  and  thero  la  certain  evidtnos<  that  the  occ«fiioQ*J  oTerflowiQ^  of  tilt  ■■ 
in  Aome  of  the  Italian  mamheSj  tor  example,  has  been  fotlowed  by  a  Rrent  dev«1iipBB«at «/ 
pamxy.Hmftl  fevere.  Bnt  there  ia  much  evidence  simtlar  to  that  ffiven  br  KrvH^rt  JacIemim,  ^Am 
says  (Fevers  in  Jaioaicftj  1791,  p,  4):— "I  have  never  foana  the  '  "*  ,  1iot*d  of  «|l 
mar^lien,  in  the  diferent  narUi  of  America  that  t  have  bad  an  op]  iriaiting.  1m 

hf'allhfid  than  the  neit  of  tne  roimtry  ;  on  th<^  contrary,  they  were  fre  i  m  bb*.*    All 

the  caae  of  Singapore,  whieh  haft  created  anch  surpriae.  and  it  cit4*d  tsan  by  iiiTwk  m  ntr 
oeptlonal  caie,  is  of  this  kind  ;  the  regular  tidal  overflow,  though  it  cantea  the  diTnlnpmiBl  rf 

much  suljdiurctted  hyilroRen,  prevents  the  formation  of  roaJaria.  

t  <JuoUtl  by  Hirack    Jahm'ib.j,  fiir  die  Ues,  Med,,  1870,  band  il.  p.  200. 
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qizanttties  of  TPge table  niAiier  coll(!ct  in  valloja,  and  if  there  14  any  narrowing 
al  the  outlet  of  the  vallej,  the  overilow  of  the  rain*  may  be  imped^^il  Such 
miiajm  are  dleii  veiy  mmljuious,  and  the  air  may  dLrift  up  to  the  height  of 
itvsil  htmdnd  feeft 

4^  Sindy  pkiiiA,  especially  when  situated  at  the  foot  of  tropical  hills,  and 
memnd  with  Tegctation,  as  in  the  case  of  the  *'Terai  "  at  the  baso  of  Hume 
psrli  of  the  Himalayan  range.  In  other  causes,  the  sandy  plains  are  at  a  dia- 
tttice  from  hills,  and  are  ap^Mirently  dry^  and  not  mnch  aulijeeied  to  the 
tafltwnoii  of  vaBationa  in  the  ground  water.  The  analysiB  of  Bueh  sand  haa 
not  hmn  yet  properly  made,  hut  two  conditions  Beem  of  importance.  8onie 
iBodfl,  which  to  the  eye  appear  quite  free  from  organic  admixture,  contiiin 
mocii  oiganic  matter.  Faun^  haa  pointed  out  that  the  sandy  soil  of  the 
TrfW***^  in  south-west  France  contains  a  large  amount  of  oiganic  matter,  wMeh 
is  dowly  decomposing,  and  passes  into  both  air  and  water,  causing  perioilical 
ferenL  Thia  may  reasonably  be  conjectured  to  Ije  the  case  with  other 
InriniOQS  aand&  Then,  under  aome  sands,  a  few  feet  from  the  surface,  there 
M  A^f  and  the  aand  is  moist  from  evaporation.  Under  a  gn^^t  heat  a  small 
^Dllllity  of  organic  matter  may  thus  be  kept  in  a  state  of  change.  This  is 
tfpettally  the  case  along  the  dried  beds  of  water  courses  and  torrents ;  there 
it  always  a  subterranean  stream,  and  the  soil  m  impn^gnate+l  with  vegetable 
matlar.  In  other  cases  tlie  sands  may  be  only  malarious  during  rains  when 
ibit  iipi>cir  stratum  is  moist 

5-  Certain  hard  rocks  (granitic  and  metamorphic)  liave  bc^n  already  noticed 
(p.  539),  especially  when  weathered,  to  have  the  reputation  of  beiug 
Bialarious ;  more  evidence  is  re^iuii-ed  on  this  point  As  Friedel  justly 
reaarks  of  Hong-Kong,  it  is  not  the  disintegrated  granite,  />^r  se,  wliich  causes 
the  fever,  bol  ^e  soil  of  the  woods  and  dells,  and  the  clefts  in  the  rocks, 
which  were  dadired  from  the  granite^  and  are  soon  hUed  with  a  crj'ptoganiic 


Tlie  iBi^^iieBian  limestone  rocks  which  have  been  subjected  to  volcanic 
ae^Qii  liaTB  alao  been  supposed  to  be  especially  malarious  (Kirk,  who  instances 
the  locka  at  Sukkar),  but  the  evidence  has  not  be<en  yet  corrohomted. 

S,  Irom  Sfjiim, — Sir  Eanald  Miirtin  has  directed  attention  to  the  fact  that 
many  nputed  malarious  soils  contain  a  large  proportion  of  iron.  No  good 
evidimoe  haa  been  adduced  that  this  is  connect'ed  with  maWifi,  but  the  point 
faqiiiiw  larthiar  ax&mination.  The  red  soil  from  Sierra  Leone,  which  con- 
taina  mon  than  30  per  cent  of  oxides  of  iron,  shows  nothing  which  appears 
likely  to  canae  maWia.^  The  peroxide  of  iron  is  a  strong  oxidising  agent^ 
readily  yielding  oxygen  tc»  any  oxidisable  substance  and  regaining  oxygen 
fwm  the  air.  It  may^  thavelore,  assist  in  the  oxidation  of  vegetable  matter 
in  aa  iiun  aoilf 

I.  In  oertain  casaa  attacka  of  paroxyBtnal  fever  have  adaen  ^om  r|uit€ 
hxaliaed  conditions  unconnected  with  soil,  which  aeem^  however,  to  giv«  some 
clue  to  the  nature  of  the  process  which  may  go  on  in  malarious  ground. 

Friedfilt  mentions  that  in  the  Marine  Hospital  at  Swinemiinde,  near  iStettin, 
m  laiKe  day*ward  was  uaed  for  convalescenta     As  soon  as  any  man  had  b.^eu 


•  Aaitfris  of  the  Red  Bftrth  of  Siftm  Leone,  hj  Amistaat^SiirgeoD  J.  A,  B.  Horton,  M.D., 
JktmfJhMmi  Department  Blue  Book,  vol.  viii.  p.  3S& 

t  Tli»  Mrfiwx  ioil  of  the  Gold  Owwt  (Connor's  HUl,  Cipfl  Cowt  CastJeJ,  has  nJm  hem 
fmd  bf  Mr,  J.  H,  Warden,  F.C.S.  (Indian  Hedic&i  Senlc«),  It  conUiined  only  S-SSper 
.  at  iBfrie  oxid«,  Mid  m  trace  of  ferrous  oxide  ;  the  omnk  mtttcr  wm  only  4 '4  per  cent 
aniagaspil  it  oalj  right  ischM  thick,  antl  below  this  \»  «  atntiun  of  a  dark  red  oolonr^ 
banalKtain^  {ifobAbly  containing  move  iron,  Tlie  aample  above-ntntioned  waa  brottgbi 
I  by  damoB-major  J.  Fleming,  A^M.D.     (Anuy  Medie«l  ReiKiTtflj  vol.  ziv.  pw  264), 

I  CM.  Aiteti.  Berlin,  1363,  p.  m 


b 


344  &OIL&  H 

in  this  ward  for  two  or  three  days,  he  got  a  bod  attack  <4  tertisa  ip^  I*^| 
no  tjther  wai-d  did  tlik  occur,  and  the  origin  of  the  fever  ww  » 'f^^^i^l 
uiitii^  on  c*lose  impectiun,  a  large  rain  caak  full  of  rotten  leaves  and  %aM0^| 
was  found  ;  tbie  had  overfluwDd,  and  formed  a  stagnant  manh  <]l  4 1i  I  | 
stjuare  feet  close  to  the  doors  and  windows  of  the  room,  which,  on  9ttism4  I 
the  hot  weather,  were  kept  ojion  at  night  The  nature  of  the  efflarm^  I 
not  det»3rmiiied.  I 

Dr  HoMeii*  rekiea  an  instance  in  which,  on  board  a  ship  at  dei,<i|^av  I 
of  ague  oecuiTed  from  the  emanations  of  a  large  quantity  of  mould  vIkIUH 
formed  iu  some  dosed  store-rooma,  which  were  exposed  to  the  hiig^  ^■'■(^1 

SECTIOX  n.  ■ 

EXAMINATION  OF  SOIL.  fl 

MtAamml  CondiHon  of  Sail, — The  degree  of  density,  firiiliBf«^^H 
penetration  by  water,  should  be  detcrmiaed  both  in  the  Burfaoe  ami  ni^H 
Deep  holes,  6  to  1 2  feet,  should  be  dug,  and  wat4?r  poui^ed  on  portiofii  dJ^M 
BoiL  Holes  should  be  dug  after  rain,  anil  the  depth  to  which  the  mDi^H 
penetrated  ohserved.  In  this  way  the  amount  of  dryness,  the  v«iH[^H 
and  the  permeability,  can  be  e,asiiy  ii£certaiued,  ^^^B 

The  surface  or  suhsijil  can  nho  be  mechanically  aoalyaed  by  B^H 
weighed  quantity  (100  granmies),  drying  it,  and  then  picidii^  oat  iUlH 
large  stones  and  weighing  them,  passing  through  a  sieve  the  fine  peitaelM^Mn 
fiuaDy  separating  the  lines t  particles  from  the  coarser  by  mixing  wiiii  iwWJ 
allo\nng  the  denser  ptulicles  to  subside,  and  pouring  off  the  finer  i0^li^■ 
particles.  The  weiglit  of  the  large  stones,  plui^  the  wuight  of  the  ataMai|^| 
sieve  and  of  the  dried  coarser  ]iarticles,  deihicted  from  the  total  ^"'^(^^^^l 
the  Jimount  of  the  finely  divided  substance,  wMeb  is  probaUjflH^H 
aluminiiuii.  ^H 

Tempendure. — The  temperature  at  a  depth  of  2  or  3  feet,  at  2  to  4  o^dfli^ 
in  the  afternoon,  would  be  an  important  pjint  to  detemnne  in  the  tnft^ 
and  also  the  temperature  in  early  moming.  At  pnasent  auch  obenntioa^ 
though  very  easily  taken,  and  ohviaiisly  very  instructive,  ate  seldoixu  i'  '^ 
made,  although  a  eommencenient  in  that  direction  has  h&eti  made  in  it 
investigations  of  Messrs  Lewis  and  Cunningham  at  Calcutta  J.  It  miglxti^ 
be  use  fid  to  take  a  certain  depth  of  soil,  say  6  inches,  and,  placing  a  theBBOOiltf 
in  it,  determine  the  height  of  the  thermometer  on  exposure  to  the  eiia*i]ifi 
for  a  given  time  at  a  certain  hour. 

Chemical  Exammafion. — The  chemical  constituents  of  soil  are,  of  cooi^ 
as  numeruus  as  the  elements ;  more  than  500  minerals  hav^e  been  letaiDF 
named.  But  certain  substances  are  very  rare*,  and,  for  the  phynden^tlf 
chief  constituents  of  soils  are  the  following  substancas  or  combtnatiDiiiT-' 
Sihca,  alumina,  lime,  iron,  magnesia,  chlorine,  carbouAc  acid^  phoepbanceal 
nitria  aci(L  A  few  simple  tests  are  often  very  useful,  if  we  aze  imodiD 
what  kind  of  rock  we  have  to  deal  witb.  Few  persons  could  mistake  gmuH 
trap,  gneiss,  or  rocks  of  that  class;  or  day-slate  or  cryjatalline  l!Tiy«fa^ 
But  iino  white  sandstones,  or  freestone,  or  even  fine  miUatono  grit,  mlgbt  l» 
confoimded    witli    lime  rocks,   or   magnesian   limestone,      A   few  ^!^  rf 

♦  American  JothusI  of  Mtsd.  Sdeiic*c,  January  1806. 

f  Staff-surgeon  P,  MauBfielcl,  R,N.,  recouDts  an  ontbreak  of  yellow  remittent  f€fVim\f0^ 
mp  at  Uki,  coincident  with  tht  prowth  of  an  enormous  quantity  of  gigantic  fongiuni  litli^ 
It  aeema  tmlikelv,  kowevDr*  tlwl  this  was  more  thau  a  coincideiioe. 
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hloric  acid  will  often  settle  the  question,  as  it  causes  effervescence  in 
carlKinates  of  lime  aud  magnesian  rocks.* 
mon^  complete  exainiuatiuu  ahoiild  include  the  follomng  points : — 
FercAnUage  of  Water, — Take  10  gnimmcs  of  a  fair  Siimido  of  soil,  and 
heat  of  220' ;  weigh  again ;   the  diiferenoe  is  water  or  volatile 

%  P&rcentafje  of  voiatUe  matters  (hielwlimj  water) ^  deMroyed  by  incineror 
k — Take  another  weighed  portion  of  soil  and  incinerate  at  a  fidl  red  heat ; 
rbonate  ^vith  carbonic  acid  solution,  or  mth  ammonimn  carhonate ;  heat 
el  excess  of  anunonia  ;  dry  and  weigh. 

Absorption  of  Wfder,—YhcB  the  dried  soil  in  a  still  atmosphere,  on  a 
)  in  a  thin  layers  and  reweigh  in  24  hours ;   the  increase  is  the  aheorhed 

It  may  be  useful  to  gh'at  (from  PagB'a  *'  Handbook  of  GflokgicAl  Terma  T  a  few  compcmi- 
"«,  and  Uj  define  &  few  of  tlie  comniun  mintnikigical  worda  uswi  tn  geology, 
"  t. — OystAlUseii  siiicji. 

^. — Silica,  ftltunina  (triaiLicata  of  alnminii)^  potaflh,  or  soda,  and  &  little  Hm«»  mftgneail^ 
and  ferric  oxidu,  cr)'stalluted  or  ftmorphuufi. 
fiioo.-^ Silica,  ahiiiiina,  ferric  oxide  aad  pcUnsii,  or  magnesia^  or  liin#,  or  litlii»» 
i&f — ^'e.-^Mica,  but  witb  lew  Rilica  and  more  luagnesia  and  iron. 
^ — Componeil  of  qjuortz,  fekpar^  and  mica. 
;— Hombk-ndu  innt^arl  of  mica. 
?  j^aiii6f.--Quurt2,  fel«i»ar»  mica,  and  hornblende. 
«.— 8*me  elements  aa  granite,  but  tke  cry$tak  of  qxnarts  and  felspar  are  brokeo  and 
indinincL 

mtUnde.^A  mineral  entering  largely  into  granite  and  trappejjn  rocka*  compo»ed  of  Kilica 
(47  to  W)t  magnesia  {14  to  !iS),  lime  (7  to  11),  with  a  little  alumma,  flnorine,  and  feiroui 
oxide. 
|li|^,  —  Like  bomblcTidei  onl)"  Itsa  ailica  (docs  not  reMat  acida). 

"  perstheHe,—h\kt  augite,  only  ^vitb  v^ry  littlw  lime  ;  it  contains  ailica,  magnesia,  and  iron  ; 
ffwiata  acidi. 

..J, — Hard  gmnnlar  ctyatallme  varieties  of  trap,  felsi*ar,  and  boniblende,  or  febpar 
uidatigite. 

*l— AugHe  and  feUpar,  olivine,  iron  pyritea,  &c, 
-lobular graenaione  and  basalt, 

U — A  term  applifd  to  the  rock^  mentioned  above,  wben  tbey  are  foliated  or  split  up  into 
Irregular  platen. 

«^ — ArgiUaceoiis  arenaceom  rocks,  witb  mon;  or  less  marked  eleavage, 
L— All  varieUei  of  bard  rocka,  conftiiting  gbieHy  of  oarlMmabH  of  iime. 
I. — Limestone  made  up  of  small  roundtd  grains,  compact  or  [^ry^talUnt*,  like  tbe  roe  of 
ftflih. 
b^-^-Soft  cakinm  earbfrnate. 

^  lAmcsioHc—Auy  Uroe«toae  containing  20  per  cent,  of  a  aalt  of  magnesia,  fn^ 
^  qiMnUy  not  crysUUiaod. 

"E.--Ory«tilUsed  magneaiaa  limestone* 
,— A  term  used  in  India  to  denote  notlular  moFisea  of  impure  calcium  carbonate, 
—SdeHiU.  — S  ulphatti  o  f  eal ei  um , 
Ep — Water-worn  and  roumied  fragments  of  any  rock,  cMcdy  quarts  ;  sUe,  from  a  pea 
» a  bei)'«  egg. 
— Safn0,  only  partlelea  leu  than  a  pea. 

I.— Conaolidat«d  aand;  the  partidea  held  together  often  by  lime,  clay,  and  ferric 
oxide. 

%— Any  rock  which  can  be  cot  readily  by  the  bnilder  ;  uanaily  applied  to  aandatone. 
9  grit, — Hard  ^itty  sandstone  of  the  carmjoifurom*  fienes,  uaeil  for  milbtoneti.     Grit 
^tbe  term  generally  naed  when  the  particles  are  larger  and  sharper  thim  in  oi\linary 
indstone. 
y, — Hiticate  of  alumina. 

ami,— Lower  portion  of  the  chalk  fystam  in  England;  aand  coloured  by  chloritoua 
silicate  of  iixm. 
J/aW. — Ume  and  clay. 
LaimU,—A  term  much  used  in  India  to  denote  a  more  or  lees  ekyey  stratum  which  nnderliea 

jnuch  of  the  itand  in  Bengal,  aome  parts  of  Burmah,  Bombay  presidency,  &o. 
O»Mj^{0iRerai«.^ Rocks  composed  of  consolidated  gravels  {Lt,,  the  fragments  water-worn  and 
rounded). 

M0to.--BMks  ootDpoied  of  angtUar  (not  water-wom)  fragments  (volcanic  breccia,  oeaeoni 
tetoctA.  Qtleareotia  breccia). 

lie— A  term  applied  to  all  clayey  or  sandy  fonnationi  with  lamination  ;  it  is  often  coiuotl- 
dkted  and  hoo^ened  mud. 


346  SOILS. 

water.     An  equal  portion  of  pure  sand  stould  be  treated  in  Q» 

a  standard.     It  would  he  well  to  note  the  limmdity  of  the  air  at  tbft  time. 

4.  Poi&er  of  holding  Widen— Thonmghly  wet  100  gmmiofis,  diaiii  offwiler 
as  far  aa  possible,  and  -wai^h  ;  the  expcrimeat  ia,  however,  not  pTvcisei 

5.  Stilmiancof  taken  up  hj  Wuter, — Tkis  is  importantj  m  mdicating  wl»tlifr 
drinking  water  is  likely  to  becoiue  contamiiiatcd-  Rub  thc^nniglily  \^ 
gramm*^8  in  pure  cold  water,  filter  and  ivsi  for  organic  matteF  by  chlfnidt  of 
gold,  or  by  evaporation  and  careful  incineration  ;  test  also  for  cUknui^ 
sulphuric  at^id,  lime,  alumina,  iron,  nitric  add  (see  WaTBB,  pfigB  6%  forth* 
eeveral  testa). 

6.  Sulmtancea  tttMn  up  htj  Htjdrorhlonc  ^ <:?</, ^WLile  water  takes  npth* 
cbloridea  and  the  aulphates  of  the  idkalies,  nitrates^  ^'c.^  the  greater  part  of 
the  lime,  ma^esia,  and  alumina  are  left  undissolved,  Tlie  quanttty  can  W 
best  determined  by  solution  in  pure  hydrix;hloric  acid- 

{a)  To  40  grammes  of  the  soil  add  one  ounce  of  pure  hydrochloric  «cJ4, 
and  heat ;  note  eflerveBi-ence,  Add  about  100  C.C.  of  watec  Digest  for  \1 
hoin^*     1  Jry  and  weigh  the  undissolved  portion. 

(/;)  To  the  acid  solution  adci  ammoni^u  Alumina  and  oxide  <d  iran  an 
thrown  down.     iJry  and  weigh  precipitate, 

(c)  To  the  solution  filtered  from  {b)  add  ammomum  oxalate.  Dry ;  ita^ 
and  bum  the  calcium  oxalate,     "Weigh  as  carbonate  (see  page  81 »  fotitnoirl 

{d)  To  the  sohition  iiltered  frfun  {e)  atld  sodium  phosphate.  CV>liecl;  <iiT 
and  weigh  {100  parts  of  the  piticipitate  =  79  ]>arU  of  magnesium  carboniilt); 
or  determine  as  pyrophosphate.     (See  Water.) 

The  yiorti^in  insuluhle  in  hyilrochloric  acid  consi^  of  quartz,  clay,  aOkitei 
of  alumina,  iron,  lime,  and  magnesia.     If  it  is  wished  to  examine  it  fortiin; 
it  shoidd  l>e  fused  with  three  tirae«  its  weight  of  carbonate  of  dodiunip  Uua 
heated  with  dilut<j  hydrochloric  acid.     The  residue  m  silica.     The 
may  contain  iron,  Mme,  magnesia,  and  alumina.     Test  as  above. 

6.  iron. — Iron  can  be  determined  by  the  bichromate  of  potaaalam,  or 
the  permanganate.  As  the  latter  solution  is  used  for  other  piirpo«ea«  it 
convenient  to  employ  it  in  tliis  case. 

Dissolve  1 0  grammes  of  the  soil  in  pure  hydrochloric  acid  fee©  from  uo^ 
by  aid  of  heat. 

Add  a  little  pure  zinc,  and  heat  to  convert^  ferric  into  ferrous  salta.  Fwr 
off  the  solution  from  the  zinc  that  m  still  nndissolvefl,  and  detemiini*  vttm  l»f 
potassium  permanganate  ;  z>,,  heat  to  140"  and  then  drop  in  the  soJotion  rf 
permanganate  till  a  permanent  but  slightly  pink  colour  is  given. 

Preparaium  of  Foia^aium  Pvnmmcfanfttt  $oluN<m, 

Tlie  sohition  made  for  the  determination  of  organic  matter  in  water  ] 
used  (see  pt^e  85),  1  C.C,  =  0*T  milligramme  of  pure  iron, 

SECTION  ni 
METHOD  OF  EXAMINING  A  LOCALITY  FOR  MILtTARY  FFBI 

A  place  should  be  seen  at  all  times  of  the  year,  in  the  wet  aa  well  as  m  i 
dry  seasoQSf  in  the  autumn  and  winter  as  well  as  in  t^e  fipnng,  and  at  i 
as  well  as  by  day.     The  following  order  will  be  found  a  conve-nimt  one  :- 

I .  Conformation. — Height  above  sea-level  and  elevation  of  hills  above  1 
plain.  (iJetennine  by  meTcurial  barometer  or  aneroid,  or,  if  poasible,  g^t  I 
heights  from  an  engineer.)  Angle  of  dechvity  of  hills ;  amount  of  luU  J 
plain  I  number,  course,  and  characters  of  valleys  and  ravines  in  lulJa ;  dip  ^ 


sea»il^ 
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ilnlit  I  ipeological  formation  ;  wfttershedB  aud  courses ;  exjjcigure  to  winds  ; 
jdtiuUiun,  atuuuDt  and  dmcacter  of  winda  ;  sunlight,  amount  and  duration  ; 
tttitiv  amount  and  frequency  ;  dust. 

2.  Vumptjtnium, — Mineralogical  diameters.  Presence  of  animal  or  vt3g8t- 
mhln  auXmUkncoR  ;  amount  and  characters. 

3*  Cacrring  of  mil  by  trees,  brushwood,  grasa^  &c. 

A,  FoifU*  for  special  egtrminat km. — Amount  of  air  ;  of  moisture.  Height 
ctf  sofaooil  water,  at  the  wettest  and  firiest  seasons,  Clianges  in  level,  aud 
SA{Midity  of  ctiange  of  subflcdl  or  ground  water.  Cowiition  of  vegetable  con- 
ittttteata ;  examination  of  $ul>stance^  taken  up  by  water,  d^c. 

Such  a  complete  examination  demands  time  aud  apparatus,  but  it  ia  quite 
neceaiarj. 

A  fair  opinion  can  then  be  formed ;  but  if  a  large  permanent  station  is  to 
be  erectiHl,  it  is  always  desirable  to  recommend  tliat  a  temporary  station 
alioold  be  put  up  for  a  year,  and  an  iutidligeut  officer  should  be  selcct<Ml  to 
obeenre  the  effect  on  health,  to  take  meteorological  oVmervations,  aud  to 
examine  the  water  at  ditferent  times  of  the  year.  Sometimes  a  spot  more 
eligible  than  that  originally  chosen  may  be  found  witliin  a  short  distance,  and 
the  officer  ahould  be  instructed  to  kee]>  tldg  p^tint  in  view: 

The  micdical  officer  \m&  nothing  to  do  with  uulitary  conslile rations  or  ques- 
tiona  of  supply,  but  if  he  is  able  to  suggeat  anything  for  the  inionuation  of 
tha  aothontitsa,  he  should  of  course  do  so. 

The  opinion  of  Lind,  whose  large  exf^eriencc  probably  surpaaaed  that  of  bi^i 
oontempotariea,  and  of  our  own  time^  should  be  remembered.* 

In  choosing  a  sit©  for  a  temporary  camp,  so  elabonite  an  examiuntion  is  not 
JtfwiMft,  Bat  aa  far  as  possible  the  same  rules  shoidd  l>e  attended  io.  Tliere 
i%  hoiTOTer,  one  difference — in  a  permanent  station  water  ciin  1m>  bruught  frum 
aome  distance  ;  in  a  temporary  station  the  water  supijly  must  lie  near  at  hand, 
and  something  must  be  given  up  for  this.t  The  banks  of  rivers,  if  not 
marshy,  may  be  chosen,  care  being  taken  to  assign  proper  spots  for  watering, 
wiahing,  &c,,  as  laid  down  in  the  chapter  on  Water.  A  river  with  marFhy 
banks  must  never  be  chosen  in  any  cEmate,  except  for  the  moat  imjjerative 
^Biilitary  reasons  ;  it  is  better  to  have  the  extra  labour  of  carrying  water  from 
Kg  distance. 

A  site  under  trees  ia  good  in  hot  countries,  but  bi-usliwood  must  be  avoided, 

SECTION   IV. 

PREPARATION  OF  SITE  FOR  MILITARY  PURPOSES. 

In  any  locality  intended  to  be  permanently  used,  the  ground  shoidd  bo 
diatned  with  pipe  drains.  Even  in  the  driest  c^f  the  looee  soils  this  is  desir- 
able, especially  in  hot  climates,  where  the  rainfall  is  heavy.  In  imiiermeable 
rocky  districts  it  is  less  neoessarj'.  The  size^  depth,  and  distance  of  tlie  drains 
will  be  for  the  engineer  to  determine  ;  but  genemlly  deep  dmins  (4  to  8  feet 
in  depth,  and  12  to  18  feet  apart)  are  the  best  If  there  is  no  good  fall,  it 
haa  been  proposed  to  drain  into  deep  pits  ;  but  usually  an  engineer  will  get  a 
Idl  without  such  an  expedient.  A  good  outfall,  however,  should  be  a  point 
ahraya  looked  to  in  choosing  a  station.     These  drains  are  intended  to  caiTy 

•  *•  The  moft  healthy  coimtnei  in  the  world  contain  tpoU  of  pxjuud  where  utrsDaan  •!«  mb- 
jtet  to  AiekneM.  There  it  banil  j  to  he  fonnd  Aoy  large  t^xt^ut  of  eotitinetit,  or  even  any  inland, 
ttet^Mi  nol  ODDtain  «onie  places  where  Europeana  n^ny  enjoy  an  udiitittrrupted  «tate  of  liealth 
^■[^1  all  MMODA  of  the  yvar."  — Lind,  IXseastJt  o/  JSuropeanj  in  Mot  Chmtites,  ith  editioHj 

^  9m  fUniarki  on  tbia  point,  in  the  Re^olatloos  and  Imitructioas  for  EucaxapmentB,  p.  2. 
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off  subsoil  water,  and  not  stirface  wakr.     This  latter  shoold  be  proTidfld  1 
by  slialluw  drains  along  the  natural  outftdla  and  valleys.     As  far  ag  T 
is  conct^rned,  we  have  then  to  provide  for  mere  surface  water,  and  far 
water  which  pasaea  below  the  surface  into  the  soil  and  subsoiL 

Brushwood,  should  usuallj  bu  cleared  away,  but  trees  left  until  timfi  ii 
given  for  consideration.  In  clearing  away  brushwood,  the  ground  in  lht 
irojiic^  should  be  disturbed  as  little  as  poaaible  ;  and  if  it  can  be  dona,  til 
cbiared  epot«  ehotild  bo  soon  sown  with  grass.  Brushwood  should  nol  he 
removed  from  a  mai*sh. 

In  erecting  the  buildings,  the  ground  should  be  excavated  as  littls 
as  possible  ;  in  the  tropica  especially  hills  should  never  be  cut  away.  Tli 
surface  should  lie  levelled,  holes  lilled  in^  and  those  portions  of  tb©  surface^  OB 
which  rain  can  fall  from  builtliugs,  well  paved,  with  good  side  gutters.  ITiii 
is  ospeciRlly  necessary  in  the  tropics,  whare  it  is  of  importance  to  preveoidv 
grouml  under  buildings  from  bticonung  damp  ;  but  the  same  pzinciplee  apfi^ 
everywhere. 

In  a  temporary  camp  so  much  cannot  be  done ;  but  even  here  it  is  defllidhll 
to  trench  and  drain  as  much  as  possible.     It  not  unfrequently  happens  tat 
that  a  camp  intended  to  stand  for  two  or  three  days  is  kept  up  for  two  or  l"" 
weeks,  or  even  months.     As  soon  as  it  is  clear  that  the  occupation  is  to  1 
all  prolonged,  the  same  plana  should  l>o  adopted  as  in  permanent 
The  great  point  ia  to  carry  off  water  rapidly,  and  it  is  astonishing  what «  few 
w^ell-planned  surface  drains  will  do. 

The  Rules  for  improving  the  hojilthinesa  of  a  site  may  be  thus  smnmajised  >- 

L  I>min  snhsOTl  and  lower  the  level  of  the  ground  water. 

2.  Pave  under  houses,  so  as  to  piiavent  the  air  from  rising  foom  the  j 

3.  Piive  or  cover  with  short  giisa  all  ground  near  boildinga  in 
district-s. 

4.  Keep  the  soil  from  the  penetration  of  impiinties  of  all  kin<is  by  ftapit 
aiTaiigements  for  carrjing  away  rain,  surface,  and  house  water  and  *  ~ 
purities. 


CHAPTER    IX. 
HABITATIONS. 

Vhoe^'^eb  ronsiiU^rs  €ar*^fiiily  tiie  Ttmml  of  the  iii<?(lia^val  epideinicB,  and  seeks 
^  interpret  them  by  our  pre^ieut  kno^vledge  of  tlie  causes  of  diRCiuse,  will,  I 
lilieTei  become  convinced  that  one  great  reasoii  why  those  epidemica  were  so 
Kfttquant  and  »o  fatal  was  the  crimpression  of  the  population  in  faulty  halntii- 
eioDBL  Ill-C4^ntrived  and  closely  jxacked  houst^s,  vdth  iiiirrow  streets,  oft^^n 
nade  winding  for  the  purpose  of  dwf«nce  ;  a  very  poor  supply  of  wat^'i\  and 
Aerefore  a  universal  uneieanJineaa, ;  a  want  of  all  appliances  for  t!i«  removiil 
if  excreta  ;  a  population  of  rude^  careless,  and  gross  hahits,  liviii;^'  often  on 
imutritiouB  food,  and  frequently  exposed  to  famine  from  their  imperfect 
s^ystem  of  tillage^ — isuch  were  the  conditions  %vhich  alintiat  throughout  the 
wrbole  of  Europe  enabled  diaeasea  to  attain  a  range,  and  to  display  a  vindeoce, 
of  which  we  have  now  scarcely  a  conception.  The  more  these  matU^rs  are  ex- 
amined, the  more^  I  believe,  shall  we  be  convinced  that  we  must  lt>ok,  not  to 
Igrand  ci^smical  conditions  ;  not  to  earthquakes,  com*"t8,  or  mysterious  waves 
m^M  noB^ien  and  pobonous  air  ;  not  to  recondite  epidemic  constitutions^  hut 
^Hmple,  familiar,  and  household  conditions,  to  explain  ihe  spread  and  fatality 
^^pe  mediaeval  pkgucs. 

^I^a  diaeaaes  ariaing  from  faulty  hahitations  are  in  great  measure,  perhaps 
R^bely,  the  disease  of  impure  air.  The  site  may  be  in  fault  ;  and  from  a 
moist  and  malarious  soil  excess  of  water  and  organic  emanations  may  piuss  into 
the  house.  Or  ventilation  may  l>e  imperfect,  and  the  exhalations  of  a  cruwiL  d 
population  may  accumulaU>  and  putrefy  ;  or  the  excretions  may  be  all(»wed  to 
in  or  near  the  house  ;  or  a  general  uiicleanliness,  from  want  of  water, 
cauae  a  persistent  contamioatioD  of  the  air.  And,  on  the  contrary,  these 
conditiona  insure  healthy  habitations  : — - 

1.  A  site  dry  and  not  malarious,  and  an  aspect  which  gives  light  and 
cheerfulness, 

2.  A  ventilation  which  carrii?s  off'  ah  respiratory  impurities, 

3.  A  system  of  immediate  and  perfect  stowage  i^moval,  which  shall 
render  it  impossible  that  the  air  shall  he  contaminated  from 
excuettt. 

4.  A  pare  supply  and  proper  n^raoval  of  water ;  by  means  of  which  per- 
fect cleanliness  of  all  parts  of  the  house  can  be  insured, 

5*  A  construction  of  the  house  which  shall  insure  perfect  dryness  of  the 
foundation,  waEa,  and  roof. 

other  words,  perfect  purity  and  cleanhnesa  of  the  air  are  the  objects  to 
kttained.  This  is  the  fundamental  and  paraTuount  condition  of  healthy 
itions ;  and  it  must  over-ride  all  other  considerations*  After  it  has  Ijeen 
iltftined,  the  architect  must  engraft  on  it  the  other  conditions  of  comfort^  cou- 
Yenienoe,  and  beauty. 

The  inquiries  which  have  \yeen  made  for  the  List  tliirty  years  in  England 
'«  shown  how  badly  the  poorer  classes  are  lodged,  both  in  town  and 
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country,  and  how  urgent  ia  the  necessity  for  improve]iip.nt  Vazioofl  Aell* 
have  been  passed  for  the  purpose  of  improving  JabourerB*  eotUbgei  and  ollMr 
amaO  ilwellingB,  hut  eitljcr  from  the  powera  being  insufficient^  or  fioni  tfas 
ditticiilty  of  proving  that  a  dwelling  is  injurious  to  health,  unjeat  it  is  ia 
extremely  batl  condition,  these  Acts  have  ha^l  little  effect 

Up  to  "a  certain  poiat,  there  is  no  difficulty  in  insuring  that  a  small  hmm 
shall  be  as  healthy  as  a  large  one.  The  site  and  foundations  can  be  maik  u 
dry,  thv.  dmina  aa  well  arrange<l,  the  walls  and  roofs  be  as  sound,  ami  tbs 
water  suf»j)Iy  as  good  as  a  house  of  much  larger  rentaL  In  factj  in  ooe 
respect,  tlie  houses  of  the  fKtor  are  often  suptfrior  to  those  of  the  rich,  for  tili 
sewers  do  nut  oj>en  direcUy  into  the  houses,  and  sewer  air  ia  not  bfoatM 
during  the  night.     But  the  difficulty  in  the  houses  of  the  poor  is  iht  Of«r 

I  crowding,  and  the  inipregnntion  of  the  walls  with  foul  effluvia  and 
Considerations  of  cost  will  probably  always  prevent  our  poor  eJass  of  I 
from  having  sufficient  floor  and   cubic  space.     These  two  special  diffifiOilM 
must  be  met  by  improved  means  of  worraiug  and  vcDtilation,  and  by  eoYeik% 

\  the  interior  widls  with  a  cement  which  is  non-absorbent^  and  which  can  h 
washed.  Perhaps,  also,  improvements  in  using  cement^  or  ather  plani^  wiB 
eventually  bo  lessen  the  cost  of  building  that  larger  rooms  can  be  gireii  ftr 
the  same  rental,  and  the  poor  he  taught  to  prize  the  boon  of  an  aboniaet 
allowance  of  air,  and  not  seek  to  lessen  it  hy  crowding  and  underlettii^g; 

Dryness  of  the  foundation  and  walls  of  a  home  is  secured  by  diaiiijiw;| 
subsoil,  4   to   9  feet  lielow  the   foun(^ation,t  and,  in  very  wet   clay  ao^l 

,  paA'ing  or  cementing  under  the  entire  houae.J  Tlie  waDa  ar^e  kept  dfy 
being  ind)eddcd  in  concrete,  which  is  brc>ught  up  to  the  ground  lt^vti\  m  % 
the  insertion  in  the  walls  themselves  of  a  waterjiroof  course  of  slate,  aspluilL 
or  what  ia  better,  of  ventilating  vitrified  thin  bricks  (as  devised  hj  Vb 
Taylor). 

On  wet  damp  soila,  when  a  house  has  no  cellar,  the  flooring  oi^g^  to  W 
raised  2  feet  above  the  grountl,  and  the  space,  below  should  be  well  reotiklBi 
In  tlie  tropic^  the  houses  are  often  raised  on  arches  3  to  5  feet  ahcyn>  Hi 
ground.  Dryness  of  walla  is  best  secured  by  hollow  walla,§  or  c<]iklix^  liM 
walla  with  cement,  which  is  kept  painted,  or  with  slates.  Tem-cotla 
have  been  used,  and  hipiid  prL^paratioiis  (chiefly  alkaline  silicales)  haire  1 
brushed  over  the  siufacjo  of  brick  and  stone.  Bricks  are  often 
porou8,|i  and  a  brick  wall  wiU  absorb  many  gallons  of  water.1T 

Di-ync'ss  of  the  roof  should  be  carefully  looked  to  in  eveiy  caao^ 
ufWu  get^  to  the  walls  through  a  bad  roof,  and  the  whoJa  hoaae 
damp. 
The  condition  of  the  baaemente  or  cellars,  if  they  axist|  requinea 


•  LftlHiiiriMg  riasses  Dwelling-house  Act,   18M:  An  Act  to  provido  better  Dvtllli 
Artisam  and  Labourera,  1668 ;  ArUsaa'a  Dwetlitigs  Aot»  1S75 ;  ^Nuious  cUuaet  in 
Public  hiviihh  Act«» 

t  Even  the  walli  of  old  ridtetty  cottages  may  b«  thorotighly  dried  by  tliis  i 
Fielfl). 

X  For  ft  good  dlftgT&rD  of  a  plan  for  avoidiiLg  dAmpt  fl«e  Bailey  D«]itoii*i  "  Saoitaiy  ] 
ing,"  Plate  L  p.  5<5. 

^  J«nniiig'a  itatent  Bonding  BHck  ia  a  good  pisn  for  preveniinff  moitturi  pnniitiilh^  fti 
tbe  miter  to  the  inner  Kkln  of  a  hollow  wall.  It  i»  a  hollow,  vitrilbd  t^rick,  ourvvd  tt|f«M#li 
an  angle  of  45%  so  that  no  >vater  van  pofiC  along  it. 

II  An  ordinary  briek  will  hold  about  ItJ  o%.  of  water. 

^  Brjcka  irupetfectly  bwruvd  on  thu  outaide  of  the  kiln  are  termed  Place,  or  S«ma|«  or  S 
bricks.     They  alksorb  much  water.     The  *uii-dried  bricks  of  India  are  rary  dauifi,  i     * 
v^  aXtT  from  the  air.     I  am  not  awaT«  of  the  abeorbing  power  of  the  bricks  mada  br 

without  burning.    Many  saudatones  are  very  poroua ;  water  beata  iato  ihcm  aad  i 

oapUlary  attraction.    Liiiie  made  from  ckdk  absorbs  wal«r,    Piitf  ii  oompraMd  «iitihri 
imleM  oovei«d  with  odue&t,  is  moist 
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M  Ihp  air  of  the  house  i«  so  often  drawn  directly  from  them*  They  should 
be  dry*  and  thoroughly  well  ventilut^^d,  fuid  this  house  pipes*  if  they  t\m 
doim  to  the  haaament^  should  be  always  uncovered  so  as  to  be  easily 
iiui|MM:teil«  and  any  bad-fitting  joint,  or  crack,  or  imperfe€t  trap,  if  there  bo 
one  inmde  the  house,  be  at  once  remedied 

Tlie  earning  off  of  rain  water,  so  as  not  to  wnk  into  the  ground  near  the 
boonb,  i»  a  matter  of  importance. 

'Hie  cvUtwr  points  whieh  are  necessary  to  secure  a  healthy  house,  to.,  good 
mpo^  VJd  external  ventilation,  and  sii^cient  room  ventiktion,  absence  of  all 
WodslioDfl  ontside  the  hou^  which  can  contaminate  air  entering  it,  a  proper 
water  fltjvply,  and  due  care  in  removing  excreta,  are  discussed  in  tlieir  respec- 
tive cbapters. 

In  examinini^t  a  house  to  discover  the  sources  of  unbealthinefuR,  it  is  b^  to 
ht0Sk  at  the  foundation,  and  to  consider  Erst  the  site  and  kisenients,  then  the 
Uving  and  sleeping  rooms  (as  to  size,  cubic  coDti^nts,  atid  number  of  persons, 
and  eoodilion  of  walls  and  floors),  ventilation,  water  supply,  and  plans  of 
weete  anil  sewer-water  removal,  in  regular  order. 

The  following  memorandum  as  to  the  way  in  wliich  engineers  examine  a 
boose  liae  been  kindly  given  me  by  my  friend  Mr  William  Eassie,  O.K. 

MEMORANDUM. 
9Fhai  It  umaily  done  ^p  SanUttrff  Engineers  when  iHjfpeeHnff  a  Houm, 

.Qnnititrv'  <>iigifi6«Tii  consider  thiit  an  tmttsaiil  smell  is  generafly  the  first  evidence  of 
K  A  rong,  and  that,  tmccKl  to  its  source,  the  evil  wlmlf  cut^^d.     They  ioiipect  fii^l 

t  '•  «mnge[iient».     If  th«  bnacnifnt  genemU^  smells  ofTensively,  Ihey  search  Uvt 

%  IckLiuug  drmin  pipe.  Le.,  a  y*ri>e  badly  joiiit<Hi  or  broken  by  aettlement,  aud  thfise  will 
oftoi  iboir  tbeiutelves  by  b  dampness  of  the  paving  around.  If,  upon  intjuiry,  it  turns 
oel  Uiat  rmts  ttre  often  seen,  they  come  to  the  conclusion  that  the  hou^  drain  is  in  ilirert 
fiomniailication  with  the  sewer,  or  some  old  brick  iMtrrel-dmiii,  and  therefore  ejcaniiue 
the  tfaps  Mi«l  lesd  bend*  which  joiti  the  drain -pi  pes  to  see  if  they  are  gnawed  or  faulty. 
If  tbeiMU  arises  from  hny  purticuUr  sink  or  trap,  it  is  plnin  to  them  that  there  is  no 
itfttililiQO  of  the  drain,  and  mom  eapecisUy  no  disconnection  between  the  houF^e  and 
tbs  arwer.  or  no  Hap-trap  at  the  hon^i^dniin  delirory  into  the  »ewer.  If  a  coantry  house 
btatiier  exa.mi nation,  a  smell  at  the  sink  will,  in  nearly  eirery  case,  bs  tTMed  to  an 
inifisDtiliited  oeaspool ;  and,  in  opening  up  the  dmia  under  the  sink,  in  auch  a  state  of 
t&|B0i»  fliey  will  taks  care  that  a  candle  is  not  brought  near,  so  as  to  €^use  an  explosion. 
If  tlli  tiap  is  full  of  fottl  black  water,  impregnated  with  sewer  air,  they  partly  aocount 
iDf  tlbe  ■Bwtl  by  the  neglect  of  Amhing.  If  the  sink,  and  kitchen,  and  aenllery  wastes 
~  \  food  order  and  the  smell  is  stiU  observahK  they  search  the  other  cellar  rooms,  and 
ntly  find  an  old  floor-trap  without  water,  broken  and  open  to  the  drain.  If  the 
I  be  ammoniaeal  in  chamoti^r,  they  trace  the  stable-drainH  Aud  see  if  they  le^d  into 
!  pit,  and  if  so,  mr^XB  a  weak  pipe  on  the  route,  fspeciAlly  if,  as  in  some  London 
I,  the  stable-dinins  ran  from  tae  mews  at  the  back,  through  the  house  to  thf! 
ftent  ettnel  sevir. 

Sbenld  a  bad  peraisteot  smell  be  complained  of  nin<itly  in  the  beilroom  floor,  they  seek 
far  Bft  itotra|>ped  or  defective  closet,  a  burnt  soil-pipe,  a  bad  junction  between  tho 
lad  end  the  raat  iron  portion  of  the  soil-T)i[K^  UehiDd  the  coaintn,  Ice,  or  an  improper 
ewmwtimT  with  the  driin  below.  They  will  exumine  how  the  soil-pipe  is  jointed  there, 
•'  nnt  be  innide  the  house,  will  carefully  attend  to  it*    Tney  will  also  remove 

t  Tuing,  and  ascertain  if  any  tilth  hafi  overflowed  and  saturated  the  flooring,  or 

if  trir  nil!  umlermmth  the  apparatus  be  full  of  atiy  li<|tiid.  If  the  smell  be  only  occasional, 
Cbty  oaodeda  Ihat  it  has  arisen  wh^n  the  rlu<ict  humtK'  has  been  lifted  in  ordinary  nse 
«r  Id  «nifty  nbmi.  And  Mtisfy  theni»i'lves  that  the  soiUpip  ia  unvt^nti lathed.  They,  more- 
•t«r,  sJCBinlns  the  bath  and  lavatory  wa'«te-pi[»es,  if  they  are  untmpptd,  and  if  tmppe^l 
bf  a  sigmoidAl  bend,  whether  the  trappiujjc  water  is  not  always  witLlruu  n  owing  to  the 
■TflMMi  action  in  the  full  running  pif>e.  They  mil  trace  all  these  waste-pipes  down  to 
IbnMVcr,  aM«rtain  if  they  wrongly  enter  the  soil -pipe,  the  closet-trap,  or  a  rain  water* 
■faiiHiMiiniactioa  with  the  sewer. 

J  be  pflvcdred  for  the  mo^st  part  in  the  attics,  and,  aa  they  consider,  scarcely 

to  nny  of  the  foregoing  enls,  they  will  see  whether  or  not  the  nin  water 

pi|«  whteb  teirmiiiate  in  the  gutters,  are  solely  acting  as  drain  ventilaton,  and  bh>wiDg 
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into  tlie  dormer  windawB,     They  will  aim  exaiaine  the  cistems  of  rain  water,  if  t 
any  in  the  other  portions  of  the  ftttic«,  as  very  often  they  are  full  of  patridity. 

A  alight  esf-app  of  Impure  air  from  the  draina  niAy  be  difficult  to  detect,  and  tliaiMll 
may  be  attribiiteil  to  want  of  veioitilatioDf  or  a  eomntication  of  matten  may  ariae  fhNi  i 
Blight  escape  of  gaiL  Neither  are  all  dangerous  smells  of  a  foul  nature,  aa  tliere  i»  a  dM 
Bweet  smell  which  is  even  worse.  Should  the  drains  and  donbtful  places  hav«  beta  p»> 
viooBly  treated  by  the  inmatea  to  strongly  smelling  disiufectant^,  or  the  ▼ermin  Idlkvtf 
poison,  the  in»pectarA  of  nuhiatices  will  tind  it  difficult  to  separate  tlie smells.  In  such  acne, 
however,  tht^y  will  examine  the  state  of  tb«  ground  under  the  bttaement  flooring,  and  M 
certain  that  there  are  no  disused  cesspools  or  any  aewiige  ntnimtion  of  any  mrt,  1%^ 
will  also  ascertain  if  there  be  any  stoppage  in  the  drain-pipea,  by  taking  np  a  vani  ta^ 
in  the  line  of  the  drain  nimrcb,  and  noting  the  reappearance  of  the  lime  watar  w&idi  tkiV 
had  thrown  down  the  sinks.  And  invariably,  aft«r  effecting  a  cure  for  any  aril  vlicft 
had  heen  discovered,  they  will  leave  the  trapa  cleaned  out  and  the  draina  well  flit*hei 

Beside.^  the  drainage,  they  will,  esiH'cially  if  they  detect  a  bad  and  dank  ameU,  «« *f 
it  arises  from  tbe  want  of  a  damp-proof  course  or  of  a  dry  area,  see  if  there  be  a  in^snJ 
nnder  the  basement  Door,  a  faulty  pipe  inside  the  wall,  an  un^iand  leaden  gutter  m.  tibt 
top  of  the  wall,  or  an  overflowing  box  gutter  in  4he  roof,  a  leaky  slatage,  a  potvotml], 
a  wall  too  tbin,  and  ao  on. 

They  will  nUo  keep  ao  eye  upon  the  condition  of  the  ventUating  arrangement*,  nii 
whether  the  evils  complained  of  are  not  mainly  due  to  defects  there.     The  ' *'  ' 


surroundings  of  the  house  will  also  be  noted,  and  any  nuisances  estimated. 

Sanitary  inspectors,  whilst  examioing  into  the  condition  of  the  djuina,  always  i 
the  water* cisterns  at  the  same  time^  and  discover  whether  the  cistern  whirh  yiddsdj 
drinking  water  auppliea  as  well  the  flushing  water  of  the  elosets.  They  will  alaoTaaeatua 
if  the  orertiow  yi\w.  of  this  cistern,  or  if  a  6e[>arate  drinking  water  cisteriL,  pnnm  diiKlJy 
into  the  drain. 

If  the  overflow  pipe  be  syphon -trapped  and  the  water  rarely  changed  in  the  tnp,  o* 
only  wh*^n  the  hall -cock  is  out  of  order,  thevwill  point  out  the  fallacy  of  sach  trappou;; 
and!,  s|ieaking  of  traps  geuernlly,  tbi^y  will  look  suspiciously  on  ereTj  ooe  of  utii, 
endeavour  to  reader  them  suptTerogatoij  by  a  thorough  ventilation  aud  dJacomiiCCMmC 
Ihe  dmos,* 

SECTION  IL 

noSPlTALI^, 

Gai£ral  Remarks, 

Of  late  years  a  great  iminlwr  of  works  (Englkh,  French,  G^mum,  i 
AmeTican)  have  been  writteo  on  the  constmction  o(  hospitals.     This  bjifthMB 
©Bpecially  owing  to  the  celebrated   **  Isoies  on  Ilospitals,'*  puMisbeii 
Nightingale,  after  the  Crimean  war — a  work  the   importAncri  of   wUft 
impossible  to  over-rat*?^ — and  to  the  very  useful  pamphlets  of  Mr  Rol 
Manchester.     Among  militiiry  ^vriters,  Kobert  Jackson  in    this,   as 
other  points,  takes  the  tirat  rank,  and  his  observations  on  the  construe 
hospitals  are  conceived  entirely   in  the  spirit  of  tlie  best  writings  of 
present  day.     In  the  short  upace  which  can  he  given  to  the  subject  hen,  I  ( 
merely  condense  what  has  been  best  aiUil  on  the  subject^  as  applied  < 
to  military  hospitals,  t     In  the  first  place,  however,  a  few  wonls  ai©  " 
on  the  general  question. 

Although  the  esUibhshment  of  hospitals  is  a  necessity,  and  marks  the  en 
of  an  advanced  civilisation,  it  must  always  be  remembered  that  if  the  cnmd- 
in^'  of  bealihy  men  haa  ita  danger,  the  bringing  togother  within  a  confined  iiw 
many  aick  {>orsotis  is  far  more  perilovia.     The  riaks  of  contaminatian  of  tlv 


•  Much  nsefal  information  will  also  be  obtained  from  Sanitary  Arrangements  far  1 
by  W.  Eaflj^ie,  C.E.,  and  from  Saiitary  Enginctiring,  by  ,L  Bailey  Denton,  C,R 

+  For  fuller  detail  a,  Captain  Galtoii*s  work  on  Hospital  &  should  be  oooaidtedL  Set  aJv 
Five  Essays  on  Hospital  Plans,  contributiNl  for  the  John  Hopkins  Hospital  irhiHH  (Waed 
and  Co.,  New  York) ;  Beport  on  the  Maucbtster  Royal  Infirmary,  by  J.  Nettcn  Raildi^  ^ 
Reriort*  on  St,  Mary's  Hoqiital,  Paddin^ton,  by  F.  de  Chauniont.  M.D,  ;  diAsit^  | 
A2id  Lex,  Milit.  Oeaundheitspflvge  ;  paper  in  ttie  Practitioner^  Uuuk  1877^ 
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«ix»  and  of  impregnation  of  the  materials  of  tUe  building  with  morbid  suh- 
an»  so  greatlj  increased,  that  the  greatest  €are  ib  necessary  that 
shall  not  become  pcAt-hoiist^  and  do  more  harm  than  good.  Wu 
always  remember,  indeed,  that  a  number  of  sick  persons  are  merely 
bnniglit  leather  in  order  that  medical  attendance  and  nursieg  may  be  niore 
Msilj  and  perfectly  performed.  The  risks  of  aggregation  are  enccnmt<»retl 
iar  lUa  reason  ;  otherwise  it  would  be  far  be.tt-er  that  sick  pergoua  should  be 
•Bpaalely  tioated,  and  that  there  shoidd  be  no  chaure  that  the  rapidly  chang- 
ing^ and  in  many  instances  putrefying  substances  of  one  Fktk  body  should  pass 
into  tht  bodies  of  the  neigbboiiring  patients.  There  is,  indeed,  a  continual 
sicrifioeof  life  from  diseases  caught  in,  or  ai^grnvated  by  hoHi|»itals.  The  many 
adranU^es  of  hospitals  moi\>  than  counterbalance  tliis  sacrifice^  but  it  should 
ba  thm  &ai  object  to  lessen  the  chance  of  injury  to  the  utmost.  The  risk  of 
ttanafiemioe  or  aggravation  of  disease  is  least  in  the  best  \*entiiated  hospitals. 
A  gnaat  supply  of  air,  by  immediately  dilutiiig  and  rapidly  carrpng  away  the 
morbid  substances  evolved  in  such  quantities  from  the  bodies  and  excretions 
of  the  Mck,  reduces  the  risk  to  its  minimum,  and  perhaps  removes  it  altogether. 
But  tlie  supply  of  air  must  be  enormous  ;  we  are  not  in  a  position  to  say  how 
nodly  but  I  question  whether  even  the  large  quantity  of  4000  cubic  feet  per 
bead  per  haar^  now  assigned  by  the  best  observers,  will  not  be  found  t^i  be 
Irt  below  ibs  proper  amount  for  the  acute  and  febrile  diseases.* 

The  causes  of  the  greater  contamination  of  the  air  of  hospitals  are  these  : — 
1<  Mor^  oiganic  eMuvia  are  given  otf  from  the  bodies  and  excretions  of  sick 
men.     These  mte  only  removetl  by  the  most  complete  venfcilatirin. 

2.  The  medical  and  surgical  managemeufc  of  the  sick  necassarily  often 
axposes  to  the  air  excretions,  dressings,  foul  poultices,  soiled  clothes,  ttc,  and 
the  amocmi  of  substances  thus  added  to  the  ais  is  by  no  means  inconsiderable, 
even  with  the  best  management. 

3.  The  walls  and  floors  of  hospitals  absorb  oiganic  matters  and  retain  them 
obetinately,  so  that  iu  some  cases  of  repeated  attacks  of  hospital  gangreue  in  a 
~^^  it  has  been  found  necessary  to  destroy  even  the  whole  wall     Continual 

rigs  on  the  fl«xjr  of  substances  which  soak  into  the  boards  and  through 
c^3VlC8e|  and  collexst  under  the  floor,  also  occur,  and  thus  coUectiona  exist  of 
piltrsfyii^  matters  which  constantly  contaminate  the  air. 

4«  Tbie  bedding  and  furniture  also  absorb  organic  substances,  and  are  a 
great  cause  of  insalubrity. 

5.  Till  very  recently,  even  in  the  best  hospitals,  the  water -jlosets  and  urinals 
were  bmUy  arranged,  and  air  passed  from  these  places  into  the  wards. 

In  aildition  to  the  necessary  amount  to  dihite  and  remove  these  subatancea, 
the  freest  supply  of  air  is  also  now  known  to  be  a  curative  means  of  the 
Ugbeet  moment  ;  in  the  cases  of  the  fehrde  diseases,  both  specific  and 
symptomatic^  it  is  indeed  the  first  essential  of  treatmeut ;  sometimes,  especially 
in  typhus  and  amallp<:»x,  it  even  lessens  duration,  and  in  many  cases  it  rendeois 
ocmvaleaceiios  ahorter.f 


♦  In  mj  paper,  On  the  Tlieory  of  Ventilation,  (PrtMseediDgs  of  the  Roy&l  Society  1875)^ 
I  hmm  ebowo  th&t  th«  smell  of  organic  mutter  beccimeA  pcirwptible  in  boflfpltali  when  the 
*  t  tdd  exceed!  the  ejEteraal  iiir  ratio  by  0  166  per  1000,  whereas  in  barracks  it  is  nol 


■sWJiiMd  iiotU  it  liae  paMed  0*^8  per  1000 ;  so  that,  if  3000  cubic  feet  be  the  minimum  pel 
Boivlbr  health,  nol  ieia  than  4000  mtut  be  adopted  for  eYen  ordinaiy  cacea  of  diaeaae^  una  aa 
sgnsBli  more  aa  can  be  obtained  for  etugical  or  f«brile  diiieaaeii.     (F.  de  C.) 

^  TW  tthei  id  a  great  supply  (>f  *ir  on  «ome  dii^eanes  is  marveUouSj  and  the  ^iibj(?€t  is  m  im- 
potltQt  that  a  few  *.*-»r,>ij..^  ..*  ^^  iw»  qiioted.  The  experience  of  the  fcvere  in  the  foro«  aj!a«m- 
bnl  at  Oortt  in  1 7V '  :  ty phti*  of  181 4  at  Paria,  when  it  was  noticed  with  aatonifth- 

fm^  Ikaft  ibe  a^^  ^  it  fear  of  tbe  result)  in  the  nbbattoir  of  Moutfaucon  (one  of 

th»l|||b«l  and  most  brve£y  |>urt>j  of  Pnri^),  did  infinitely  better  than  tbe  patienti  in  tbe  regular 
koffilrii ;  aad  tha  uiilogotu  case  of  th«  Irifih  fever  of  18 17 -48,  whao  oaaaa  left  in  tbe  open  air 


fixed  establiahmeTits,  can  be  pafiilleled  by  nisf  ollkei 
this  aruiy  'tiurgeou  was  record  ikI  100  yet.rs  a^  by  BrtX- 

**  III  Octolier  1758,  a  greater  number  of  HJck  were  Is. 
Wi^ht  tUan  all  the  spare  outhouses^  bftmtj  aiid  empty  cottager  wbldi  « 
money  or  the  iiake  of  Duiuanity  at  Newport,  ware  capable  of  cont&inuig. 
ffentlemen  of  the  hospital  proposed  to  eriH^t  a  temporary  shed^  with  deal  bi 
forest,  and  to  hftve  il  thatcht^  over  with  a  coat  of  new  strsw,  thick  enov 
and  rain,  and  oapftcioiia  enough  to  hoJd  l*iO  mtieute  or  upwards  ;  for  doin 
of  the  boanls^  the  couutry  workmen  exacted  forty  poaud^.  Although  tbe 
a  fanhiou  the  most  sloveuly,  aud  apparently  inadi-quHte  to  tbe  end  propM 
found  that,  notwithstanding  niiich  extratjraiiiary  cold,  as  well  u  moisture, 
lodffi»d  bad  nufTered,  remarkably  fewer  <lied  of  the  ^mc  diseasea,  though  t 
nieaicinea  anr)  the  same  general  rcgimi^n,  than  died  anywhere  elae  ;  and  i 
recovered  much  sooner  than  they  did  m  anv  of  the  warmer  uid  cloaer  I 
roimd  NewiM)!!,  where  fires,  and  apparently  better  aocommodatioiis  of  c^fvi 
vided  for  them,'*     (Fp,  06,  67.} 

He  gives  annther  inatince  al'terwaTds, 

In  making  the^e  rough  etheds  with  wattle,  Bmcklefiby  incidentally  mei 
Importance  :— L  The  remorio^  from  time  to  time  the  gromid  fh>iiL  tiae  a 
pregnated  with  all  aorta  of  tbinp.  2.  The  building  of  a  lai^  eniranee  { 
head  {but  not  at  the  aides  ?)^  Into  which  the  couvaleaceut  men  can  oroe{ 
po!i^ihle  into  the  open  air,  and  abo  to  eat  their  meals  is  it. 

Another  old  a.rmj  anrgeoaf  records  an  aaalognua  caae.  Douald  Miauo 
told  him,  that  in  li55,  some  of  the  men  of- war  carried  out  to  North  Amei 
fever,  brought  by  impre^Heil  men.  Tbe  fever  continued  to  spread  while  at 
the  sick  **  were  lodged  in  tent«,  or  in  very  old  shattered  houaea  that  a 
freely,  which  put  a  Mtidden  and  effectual  stop  to  tbir*  disonler/' 

The  same  t^icta  were  before  clearly  p43iutea  out  by  Pringte^  who  witneca( 
in  military  hoapitak  when  spotted  typhus  once  gained  a  footing  ;  and  \ 
understood  by  air  James  M'Grigor  ia  the  Peninaular  war.  Aa  far  aa  tf 
oemtKl,  no  evidenoH  is  necvssary  to  convim*^  us.that  patients  must  be  treate 
unlimited  supply  of  air  ;  aud  with  respect  to  noma  other  diseases,  the  rema 
thti  Au5>trtan  iirniy  sur^ona  for  the  last  few  yearn  f*Uows  that  the  aame  nU 
feper,  small-pox^  pyaemia,  hospital  gangrene,  and  wounds,  Hitice  ISJSi,  the 
array  have  been  hirgely  treatea,  during  eight  or  nine  monthi  every  y«ar»  in 
in  preferencu  to  fixed  hospitals.  The  result  has  been  most  reuiarkable  ;  di 
from  spreading,  and  pitienta  got  well  muoh  Tiiore  rapidly  than  in  the  appai 
able  permanent  hospitals.  For  particular*,  the  Report  on  Hygiene  by  tw 
Medical  Rep^irt  for  1S62,  can  be  referred  to  [  some  of  the  most  iinpOTlmnit  f 
the  head  of  Field  Hospitals  in  War.  In  Dr  Massey's  paper  in  the  Army  1 
Report,  vol,  xL  p.  229,  h  an  able  statement  of  facts  of  a  iiimllar  kind. 

In  Cienuany  many  of  the  laige  hospitals  have  now  small  woodcm  bull 
pit&la)  in  adjoiniug  hospital  enclosures,  where  all  the  worst  surgical  caaea  i 

An  rinalo^ous  expent^nce  has  led  some  of  our  l>&it  surgeons  (Sir  Jansaa 
to  helit^ve  that  in  pyiemia  a  patient  wliould  l>e  treate^l  almost  in  the  op 

In  yellow  fever  the  tMnne  rule  holds  good  ;  aud  to  show  how  i 
iubjoin  a  quotation  from  Lind» 


HOSPITALS — HOW  IS  PERFECT  PURITY  OF  AIll  TO  BE  SECUEED 1     355 


% 


abed,  the  slightest  coveri%',  which  will  protect  fmra  the  weatlier,  is 
Uiaa  the  easy  plan  80  often  suggested  and  acted  oa,  of  putting  the  beda 
a  litilo  cloeier  together. 

Tlie  recognitipn  that  the  ample  supply  of  pure  air  is  the  first  essential  of  a 
good  hospital,  led  Miss  Nightingale  to  advocate  with  so  iinich  eneigy  and  sue- 
ea»  the  view  which  may  be  embodied  in  the   two  following  rule«  : — 

1.  The  «ick  should  be  distribute  over  as  lai^e  an  area  as  possible,  and  each 
flick  man  should  Im^  as  far  removed  as  possilile  from  his  neighbour 

2.  The  sick  should  be  placed  in  small  detached  and  perfectly  ventilated 
bidldiQgB,  BO  that  there  is  no  great  nunilM^r  of  persons  in  one  building,  and 
iheie  ^ali  be  no  possibility  of  the  polluted  air  of  one  ward  passing  into 
aaolher. 

ffow  if  this  perfect  Purity  of  Air  to  be  secured  t 

This  is  a  matter  partly  of  construction,  partly  of  superintendence. 

(a)  There  should  be  detached  buildings,  m  disposed  as  to  get  the  freest  air 

li  the  greatest  light  They  £*hould  l>e  at  considemble  distances  apart,  bo  that 
000  sick  should  be  spresid  like  a  vilbige  ;  and  in  the  wards,  e^ich  ninn  ought 
to  hmrB  not  less  than  100,  if  ijoatiible,  120,  f*et  of  superiicial,  and  from  15(*0 
to  2000  fc^t  of  cubic  space.*  With  dctiehed  buildings,  the  size  of  an 
hf>^pitil,  n^  polluted  out  by  Mws  Xightingale,  is  dependent  merely  on  the 
f.-  inistmtioiL     When  the  hospitals  consist  of  a  single  building 

ill  spitfds  are  the  best. 

(6;  Th»*  ventilation  shimlil  be  natural,  i\e,y  dependent  on  the  movement  of 
the  ottter  air,  and  on  inequalities  of  weight  of  the  external  and  internal  air. 
Tbe  reaaon  of  this  is,  that  a  much  more  efficient  ventilation  can  be  obtiiiued 
it  a  cheaper  cost  than  by  any  artificial  means.  Also,  by  means  of  open  doors 
and  windowi^  we  can  obtain  at  any  moment  any  amount  of  ventilation  in  a 
spcetal  ward,  whereas  local  altemtions  of  this  kind  are  not  possible  in  any 
uttfictiil  system*  The  amount  of  air,  also,  which  any  artificial  system  can 
chei4>ly  give  is  comjHiratively  bmited.  The  amount  of  air  shmild  be 
l«stricteii  only  by  the  necessity  of  not  allomng  its  movement  to  be  t*3o 
|iereepUble, 

Tbe  beiit  arrangements  for  natural  ventilation  for  hospitals  appear  to  me  to 
be  these — 1/rf,  Opposite  windows  reaching  nearly  to  the  ceiling,  on  the  sides 
of  a  ward  (not  wider  than  24  feet,  and  containing  only  two  rows  of  beds), 
and   a  large  end   window,     2</,   Additional   openings,  to  secure,  as  far   as 

Gnble,  A   vertical  movement  of  the  air  from  below  upwards ;    and  this,  I 
eve,  will  be  best  ^iccomplished  as  follows  : — t 

A  tube  opening  at  once  to  tlie  external  air  shoidd  run  transversely  along 
the  floor  of  the  ward  to  each  bed»  and  should  end  in  a  box  plaee^^l  undnr  the 
heily  and  provided  with  openings  at  the  top  an<I  sides,  which  Ciin  be  more  or 
leaa  dosed.  In  the  box,  coils  of  hot  water  pijies  should  be  intr*»duccd  to 
Warm  the  air  when  necesjiary.  The  area  of  tbe  tube  should  not  be  less  than 
72  ai|Qttn>  inches  to  each  bed  ;  and  the  area  of  the  openings  in  the  Ihjx  at  least 
fmtr  timt^i  larger.  The  fresh  air,  warmed  to  any  degrt^e,  and  intiistenL^d,  if 
neoBBBarv',  by  phicing  wet  cloths  in  the  box,  or  medicated  by  placing  chlorine, 
iodincv  or  other  substances,  will  then  pass  under  each  bed,  and  ventilate  thut 
Wp»oB  90  often  left  unaired  ;  and  then,  ascentling  round  the  sides  of  tbe  l>ed, 
will  at  onoe  dilute  and  carry  up  the  products  of  respiration  and  transpiratiun 

•  8m  pag?  117  for  the  diftea<«ioii  on  thit  point « 

f  A  wuk  nimdar  to  thii  luts  b«en  deTiaed  by  Dr  3.  Hale,  and  adopted  In  some  of  the  Aus- 
trmiian  hofpitAle.  It  It  an  excellent  arrangefnentp  but  Aeems  rather  unneceuarily  compUeated 
b^f  Uki&a  the  ail  imder  the  floofj  md  elerftting  tue  bedi  on  a  doii. 
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to  the  ceiling.     It  wtmltl,  I  prestitDei  l>e  a  simple  matter  ao  to  Rmuige  ilie 
water  pi|wii  as  to  be  able  to  cut  off  all  or  some  of  the  pipes  under  a  parti< 
bed  from  the  hot- water  current  if  defiirctl,  and  so  to  give  a  fever  pAtieat 
of  any  t^^mpernture,  from  cold  to  hot,  desired  by  the  physician.     In  tl&Q ' 
and  exhaiistf^d  Btage.s  of  fever  wjirm  air  is  often  desirable.      By  this 
plan^  it  seems  to  mo  we  eould  dfrd  more  effectually  with  the  atmosphere  P 
our  patients,  as  to  warmth,  dryness,  humidity,  and  medication,  than  bf 
other.     At  the  same  time,  the  open  fire  place  and  chinmey,  and   the 
doora  and  windows,  might  be  preservetL* 

For  the  exit  of  the  fold  air^  channels  in  the  ridge  should  be  pitmda^ 
warmed  by  gas  if  possible,  as  pointed  out  in  the  chapter  on  VKXxrLATiox,  " 

To  facilitate  this  system  of  ventilation,  it  is  diisirable  to  have  the  buiJ ' 
one  storied  only  ;  but  it  c^iu  be  applied  ^vith  two  stories.  Only  then  the 
charge  tubes  must  be  placed  at  the  sides,  and  run  up  in  the  thickneas  ol 

walls.t 

But  not  only  should  there  be  good  ventilation,  but  the  wards  ought 
every  year  empty  for  two  or  three  weeks,  and  during  the  time  tli 
exposed  to  the  air,  every  door  and  wimlow  being  open. 

((\)  Tlio  strictest  rules  should  be  laid  tiown  with  regard  to  the  tnunedijii 
removal  from  the  wards  of  all  excreta,  dirty  »lres8ings,  JFoul  Unen,  &c 

Nothing  that  can  possibly  give  off  anvtbingto  the  air  should  be  aUoww!l> 
remain  a  single  moment  Dressings  of  foul  wounds  should  be  sprinkled  iritk 
deodorants,  and  charcoal  ba-j^  suspended  round  the  bed 

(d)  The  walls  shoidd  be  of  impermeable  matemi     Cements  of  diffeJtiri 
kinds  are  now  used,  especially  Parian  ;    large  slabs  of  properly  coloured  tiH 
joined  by  a  good  C4?ment,  and  good    Portland  cement  well   painted  wuiiiL 
however,  be  better,     Parian    cracks  and  spaces  form  behind   it     CmV 
should  be  either  cemented  or  frerpiently  Kmewashed»     Great  care  should 
taken  with  the  floors.     On  the  whole,  good  oak  laid  on  concretA?  seenif 
best  maternal  ;  but   the  Joinings  should  be  perfect,  so  that  no  fluid  miy 
through  anti  collect  below  the  floor.     Possibly  it  might  he  well  to  cover 
floor  with  a  good  oil-cloth,  or  maternal  of  the  like  kind,  which  would 
substances  from  sis  king  into  the  boanla,  and  would  lessen  the  nocetntrcl 
washing  the  floors,  but  might  be  itself  removed,  and  frequently  washed*     iW 
practice  of  waxing  and  dry-rubbing  the  floors,  and  other  similar  plaDS^ » 
intend  oil   to   answer  the   same   purpose,     Dr   Langstaff,    of    8onthAnii>tt*R. 
strouf^dy  recommends  paraffim     The  paraffin  is  melted  and  then  p<jun?d  on 
the  lloor^  aud  irone*!  into  it  with  a  boxdroii,  heated  from  the  interioEr 
burning  charcoal  :  it  penetrates  about  a  quarter  of  an  inch  into  the  wood. 
excess  of  paraffin  is  scraped  off,  and  the  floor  is  brushed  with  a  hard 
little  paraffin  in  turp*mtine  is  then  put  on,  and  the  flooring  is  good  for 

(fc)  The  furniture  in  a  wanl  should  be  reduced  to  the  tnitumnm 
far  as  possible,  everything  should  be  of  iron.  The  bedding  should  also 
be  reduced  in  aijse,  as  much  as  it  can  be.  Thick  mattresses  should  be  dis- 
carded, and  thin  mattresses,  made  easy  and  comfortable  by  being  placed  oi 
springs,  employ ed-J  The  material  for  mattreasea  should  be  hor8«54iair  (1^  ^ 
weight  to  each  mattress),  or  coir  fibre,  which,  on  the  wholi^  tat  ImM 
absorl)ent     Straw,  which  absorbs  very  little,  is  bidky,  and  is  said  U>  \m  ooM. 

*  The  intmdiiftion  of  vflTtical  tnbra  is  also  anefub  m  ffiviag  tlie  ftir  la  upwmrd  dtFfvtiMi  mA 
allnwinf;  a  considerable  siipplv  without  dmughtA. 

f  Wh^n  the  ceiling  i<i  f\at  the  otttlet^  mfty  be  iMlvant&c^aaly  pls«84  mt  the  cidfls  ^kam  li  1^ 
ceiiitiR,  hut  with  a  on^- storied  or  upper  ward  an  opea  roaf  is  bciUer. 

X  The  wire  tnftttrt\<)9  bedstead,  as  arraRged  by  Dr  Reed,  in  use  in  the  Misidb 
Tnfimiary  aad  made  by  MBsan  Chorlton  U  Dugdale,  seems  on  ezcell«nt  and  vsry 
furm. 
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^^U]  fliock  and  woollen  mattresst'^  sLoukl  be  dlscartled.  Blanket^  and  coverkta 
AmiM  be  white  or  yellowish  m  colour,  and  should  he  frcqiiently  thoroughly 
mx^  funugiiledf  and  washe^L 

i/}  The  armngiemetit  of  the  water-closets  and  minala  is  a  mattifr  <jf  tho 


A.  Wanl. 

Bl  Xune'i  roonLi  with  Ward- window. 

c  Scullery, 


76— Ward  for  20  Wanl-beda. 

r.  Watfir-closet  and  Wanlsink. 


Bath-room  and  Ablution  room. 
Veutikt«d  lobhiaa. 


gfmXai  moment.     Every  ward  should  have  a  urinal,  so  that  the?  coMjnon 

psctice  of  letaming  urine  in  the  utansils  may  he  discontinued.     If  tho  urina 

li  kepi  for  medical  inspection,  it  should  be  in  closed  vessels.     The  removal  of 

excreta  mmi  be  by  water.     In  hospitals,  nothing  elae  can  be  de|>Gndt!d  nixnij 

m  t^gaxdB  certainty  and  rapidity.    The  best 

amutgemeut  for  closets  is  not  tho  handle 

an*!  |»lug»  which  very  feeble  patients  will 

not    lift ;   but  a  self-acting   water  supply 

connected  with  the  door,  and  flowing  when 

ii  is  op^QiMi     This  plan  is  better  than  the 

fielf -actUDg  spring  seat,  which  is  not  always 

eoflily  depmsed  by  a  thin  patient ;  and  also, 

hjf  liMTiiig  the  door  o{»en,  it  gives  us  the 

means  of  pouring  in  any  quantity  of  wator, 

aitd  of  thortjughly  duelling  the  pan  and  jape.     The  closets  are  best  arranged 

in  oeaily  detached  lobbies,  at  one  end  of  the  ward,  and  aeptirated  fmm  it  hy 

•  Ihotroiu^  cross  ventilation,  as  shown  in  the  plan  which  is  copied  from  Jlii 

yjgbtjpgftle'B  woriL.* 


\ 
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Fiff.  77. 
Sectinn  of  Wanl  to  ahow  the  Hod. 


Pig.  78L— Drawing  to  show  Bcda  and  Wiiidowi, 
In  this  way,  provided  the  site  of  the  hospital  is  originally  well  chosen, 

*  Dr  Eodiaittii  baa  foggeatdd  a  plan  of  vertical  ▼entiktion  in  the  vestibule,  in  caaea  whert 
diMa  vanldfttkni  ia  not  available.  Thla,  of  cfiune,  ii«ed  not  be  in  a  new  buUdjng^  although  it 
tiilflit  W  nacful  in  the  adaptation  of  aq  exisittnfi^  une.  The  addition  of  a  elop  aiaky  fur  tbtt 
CDptfi^g  of  b«d'paiU|  Ice,  woukl  aUo  be  utietut 
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perfect  piiiiiy  of  air  can  be  obtained,  and  tbo  first  requifflie  of  4  good  t 
ig  secured, 

Tlae   warming   of  the  air  of   Hospitals   is  discussed   in  the 

Next  to  the  supply  of  pure  air,  and  to  the  measures  for  pte? 
tamination  (which  embrace  conatmction,  ventilation^  cleanlmcM,  lad  1 
aiTati^ements),  come  the  arrangementa  for  medical  tiBatmeni. 

Medical  treatment  iQcludes — 

1 .  Supply  of  Food. — Hie  diet  of  the  eick  is  now  becoming  a 
Bcientific  precision ;   and  it  is  probable  that  every  year  greatex  and  | 
importance  will  be  attached  to  it.     Hence  the  necessity  af  a  peffeet  i 
kitchen,  and  of  means  for  the  rapid  supply  of  food  at  all  times.    11«| 
more  difticnlty  in  doing  this  than  at  first  apiieata,  as  the  central  kitchai  < 
supply  everything  ;  and  yet  there  must  bo  no  cooking  in  the  waidiv  m  • 
near  them,  as  the  time  of  the  attendants  should  be  occupied  in  otlwr  i 
Pr(jl>{ihly,  the  best  arrangement  is  to  have  hot  closets  close  to  the  wards,  i 
the  fot>d  sent  from  the  kitchen  can  be  kept  warm,  and  ready  for  tise  it| 
hours  of  the  day  and  night 

2.  The  Bujyply  of  Wafer. — ^Hot  and  cold  water  must  be  supplied 
where,  and  baths  of  aE  kinds  shoidd  be  available.      The  supply  of  imttfl 
all  purposes  should  be  40  to  50  gallons  per  head  daily. 

3.  The  &ipjfbj  of  Dntgs  and  Ajipfirahts, — The  chief  point  is  to  ( 
the  tinie  of  attendants,  and  to  enable  drugs  and  apparatus  to  be 
without  delay  when  needed. 

4.  The  Nursing  anSAHendaneei  ineluding  the  Supplt/  of  Olean  Lif%at,  ifA 
The  time  and  labour  of  the  attendants  should  be  expended,  as  far  as  ] 
in  nursing,  and  not  in  other  duties.     Every  contrivance  to  save  kbomi 
cleaning  should  therefore  be  employed.     lifts,  shafts,  tnunwayi^  wai  \ 
ing-tnbes  to  economise  time  ;  wards  ananged  so  as  to  allow  the  atl 
view  of  every  patient ;  wards  not  too  large  nor  too  small,  for  Miss  Nigiiti 
has  conclusively  shown  that  wards  of  from  20  to  32   beds  are  best  soitadi 
economy  of  service. 

5.  MeoTis  of  Open-air  Exercim  for  Pafmih. — This  ought  piroperiy  to  1 
considei"ed  aa  medical  treatment     As  soon  as  a  f^atient  can  get  out  of  h»i 
into  the  open  air  he  ahould  do  so  ;    therefore,  open  verantiahs  on  the  i 
sides  of  the  wartls^  and  sheltered  gardens,  are  most  important      For  Uisi 
reason  hosjutals  of  one  story  are  best,*"  as  the  patients  easily  g^  OQl;  'I 
two  stories  tlie  stairs  should  h©  shallow. 

6.  In  adtlitiou  to  all  these,  the  supplv  of  air  mcHiicat*Kl  with  gases,  or  I 
powders,  or  viurious  amounts  of  watery  vapour,  is  a  mode  of  tnsatmeot  i " 
is  sure  to  become  more  common  in  w^rtain  diseases,  and  special  winds 
have  to  be  provided  for  these  remedies. 

The  parts  of  a  military  hospital  are — f 

Patieiiis^  Rooms,  WtirdSi  and  Day-romm,  if  possible ;   the  wards  di  i 


*  I  had  never  properly  estimated  tlifi  importance  of  p«tienta  getting  into  tb#  lir,  i 
dcairability  of  oneaturied  buildings  for  this  purpose,  till  I  nerved  at  BenkJoi  in  Twlif  ^ 
the  Criuienn  war.     The  hoapital  waJi  cnmpoaed  of  one -storied  wooden  bouaek  eopnweted  If  J 
open  oonidor.    Aa  hood  aa  &  rnun  couJii  crawl  he  always  got  into  the  corndoir  or  t«Ci 
hoDiMj  and  the  pood  effects  were  tnanifpfit.     Some  of  thu  me<lical  offleets  bul  tbdr  1 
hedi  carried  ont  into  tlie  corridor  wtien  the  men  could  not  walk.     In  the  winter  i 
prorided  for  tht:  men  to  put  on,  and  they  were  then  tsncoiiraged  to  go  into  tlie  oorrito. 

t  HoKpital  space  ij*  to  be  provided  for  10  per  cent,  of  the  force.  Lately,  shiott  Itol^l^' 
the  army  hAA  been  ao  rnnch  iniDi-ovcid  on  home  service,  it  hoa  been  propoaed  toniiettt^^ 
*^ .*    i.-.*.  I. 1.1 desirable  r'" —  '^^  ' ' ^ " 


and  for  war. 


I  appear  c 


V  always 


larg«  hospital  apaotl 


Tti«  Director- General  la  conaialted  when  a  fh!«h  hospital  it  hnilt. 
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ilaige^  t^e*,  from  20  to  32  beds  j  and  small,  for  one  or  two  patiente.  It 
kable  to  have  the  small  wards  not  close  tc»  the  large  ones,  but  at  snme 
mtanoe.     Attached  to  the  wards  are  attendanta'  rooms,  sciiller)^  bath 


liiTgeonS'Otnend  and  Deputy  SnTgcons-General  ai-e  oitUred  to  inaptwt  the  draumgie, 
bn,  water  unpply,  water^clowit*,  laUinea,  urinali,  and  sinks  of  pvery  hospitAl,  and  to 
the  wanniuf;  atid  ligbtlng  are  snfGcient.  ako  that  tha  uuiiiber  in  hoapital  is  not  over 
Vb  ;  that  the  excreta  of  the  dck  are  prtm^itly  removed  from  the  wnnlfl  ;  that  clean lliiMa, 

&c,«  are  properly  attended  to ;  ana  tlmt  the  vicinity  of  the  hospital  ict  in  good  condi- 

the  hoflpitat  ttRetr  in  g^Knl  repair. 
Krai  honpitak  a  aanltarv  officer  id  to  be  appointed ;  in  station  lioFipitalH  the  mcrlic^al 
\  the  BAoitary  otBoer.  and  bia  dutki  as  to  iriAt>ection  are  ex]>licitly  laid  down. 
» huilding  U  selectea  m  a  temporary  hospital,  the  aanitary  ofilccr,  or  lof^^ical  ofHrjsr  ia 
|i  ordered  to  iiiape«t  it,  and  to  recommend  such  nlteratioas  os  are  uecesaary.  . 
\i  wards  are  to  be  provided  wh^^a  practirsble. 


i 
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and  ablution  rooms,  small  storeroom,  tirmal,  doaeta  (one 
iiietL) 

Oj  ttrating-room — Dead-hmtse-^A  dm  inistratimi, — ^Surgeona* 
Look  atitl  iiistriuneut  r(jom  ;  officcis  and  offic^ra'  roomB. 

P/tar/^/a';//.— Dispensary  ;  etore-room  ;  dispt^nser's  room, 

Cidinary,- — Sknv-room  ;  wine  and  beer  room;  krder  and  meat  loom; 
kik^hen  ;  rtxim  fijT  arranging  diets  ;  sctdJcry,  cook's  room, 

Wmking, — Wtiskhou&e  ;  dii^ty  linen  store  ;  baktng  and  fumigatuig-ioaAJI 
cleaning  room  for  mattn^^es. 

Steward'^  Depaiiment, — ^Offictis,  furniture,  linen,  utensil,  and  pack  stom; 
rooma  for  ck^aning. 

The  amount  of  storage  room  is,  for  an  hospital  of  100  sick^ — 

Bedding  and  store  —  200  square  feet  Fuel  store  =  250  square  f»*L 

Clothing  store       »^100  „  Foul  linen  store      =120         „ 

Utensil  store         =160^200,,  Pack  store  -200 

Provision  store      =100         „  (In  militAry  bospitala,) 

The  above  drawing  shows  the  arrangement  of  the  cloaets  and  kvaU^rj 
in  a  military  bosi)ital 

The  two  foHowiug  plans  show  the  arrangement  of  the  Lariboisi^re  HoptiUI 
in  Paris,*  whieh  circumstances  have  made  the  type  of  the  so-called  block  i>r 


r-'-sr-feli  ilM?  rrmt^ 
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Fig.  80.— L&tiboiBi^  Ho«pitAl  ai  Piijt. 


pavilion   plan  ;   and  of  the   Herliert  Hospital,  which  ia  the  host  mifitir}' 
hoHpital  in  this  country,  or  j>erhaps  anjnirheiv. 

The  Herbert  Hospital  at  Woolwich  consisis  of  lour  double  and  thnse  m^ 

*  TL«  i]«w  I10t«l-Dii3Uf  JQ^  eoiii|>kiudj  is  on  the  same  gcmen]  ^Un. 
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iious  of  two  floors  earh,  all  raised  on  liasempnta.     There  is  a  convfikscent'a 
>m  in  the  centre  pavilion.     The  admiinstmtiou  is  iu  a  8«]nimtc  blmk  iu 
^t,     Tlie  iixis  of  the  wai-ds  is  a  little  to  the  east  of  uorth.     There  m  a 
iorridor  iu  the  baseiiieiit,  tliroogli  whit;h  the  food,  niediciiieH,  ccmk,  &c.,  are 
P'eyedp  and  then,  by  a  series  of  lifts,  elevated  to  the  wards.     The  ti^rraces 


81*— Oroun<l  Plan  of  the  Herbert  Hospital,  Woolwich  (from  MLm  Nighting&le'a  book.) 

t  the  oomdor  afford  easy  means  of  open-air  exercise  for  the  patiente  in  the 

r  wawL     The  wards  an^  warmed  by  two  central  open   fire-phic^efi,  with 

ng  flues,  round  whit^h  are   air-pasfiages,  so  that  the  entering  air  is 

ne«L     The  floora  are  iron  beams,  filled  in  with  concrete,  and  covered  with 

board  ing,* 

Hmpitals  in  tlie  Tntpic^, 

The  Barrack  and  Hospital  Commission,  in  carrying  out  the  plans  of  the 
Sojal  Indifin  Sanitary  (JommiBsion,  gugge^tf  for  each  sick  man — 
t;?iifK^rficial  area—  100  s*|uare  feet,  up  to  120  in  unhealthy  districts. 

t Cubical  apace  -  1 500  feet,  or,  in  unhealthy  districts,  2000  fwt 
It  is  also  directed  that  hospitiik  should  consist  of  two  divisions — 1st,  for 
k  ;  and  2d,  for  convalescenta.     This  lutter  division  to  hold  25  jier  cent,  of 
»  total  hospital  inomtes. 

Each  hospital  is  to  \m  built  in  blocks,  to  couiist  of  two  floors,  the  Fick  and 
oon vale-scents  to  sleep  on  the  upper  floors  onlv  ;  ejich  block  to  hold  only  20  to 
^4  beds. 

The  principles  and  details  are,  in  fact,  identical  with  those  already  ordered 
for  the  home  stations. 


Wjnglift] 


Hiwpiifih  far  Infediou^  Diseases. 


'ever  and  small-pox  hospitals  have  been  long  established  in  many  large 

'   ih  towns ;   hut  within  the  last  few  years  it  has  become  naual  for  all 

of  any  size  to  put  up  some  temporary  hospitals  during  an  oatbreak  of 

STTsngement  of  the  Pavilions  toaj  b«  Tuied  in  many  w&yB ;  for  differaat  fonss  of 
iment  let)  the  workji  aire&dj  cited. 
►.  cit  p,  2L 
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cholera,  small-pox,  relapsing  fever,  and  typhus,  and  to  remove  penou  iU  iri& 
these  diseases,  at  once  from  their  dwellings.  In  this  way,  if  tfaoe  ii  csdr 
discovery  of  the  cases,  the  chances  of  spread  of  the  dlMase  aie  gmdj 
lessened. 

.  The  Medical  Department  of  the  Privy  Council  issued  a  Memonndimm 
1872,*  pointing  out  that  power  is  given  under  the  37th  section  of  tk 
Sanitary  Act,  1866,t  to  the  local  hoard,  improvement  oommissionen)  ton 
council,  or  vestry,  to  provide  "  hospitals  or  temporary  places  for  the  recepboi 
of  the  sick."  It  is  pointed  out  that  villages  should  have  the  meuu  d 
accommodating  instantly  four  cases  of  infectious  disease  in  at  ktst  ti» 
separate  rooms,  and  it  is  considered  that  a  good  cottage  would  answer  tti 
purpose.  In  towns  a  permanent  provision  is  advised  to  be  made^  md^ 
following  suggestions  are  made  : — ^The  situation  to  he  convenient ;  waid  csIk 
space,  2000  feet  per  head ;  ward  floor  space  per  head  144  square  feet ;  gooi 
provision  for  ventilation;  precautions  against  entrance  of  foul  air  (as  fin 
privies  or  sinks) ;  warming  in  winter  to  60°  Fahr. ;  keeping  cool  in  inmBtf ; 
means  of  disposal  of  excrements  and  slops,  and  for  deaning  and  ^i*™**^ 
linen. 

For  temporary  emergencies,  tents  (army  hospital  marquees)  are  nooa- 
mended,  or  huts  are  advised.  The  huts  are  described  at  some  kngth,  td 
plans  are  given  of  the' .huts  and  of  the  arrangement  As  these  are  tot 
similar  to  those  used  by  the  army  in  war,  reference  is  made  to  that  sectioL 

(For  Hospitals  in  Time  of  War,  see  Book  IL) 

*  Memorandum  on  Hospital  Accommodation  to  be  given  by  Local  Antlioritka  (ikMdMi 
Simon,  8th  July  1872).  e  ^  «-l"Vi« 

t  Now  under  the  ISlst  and  following  dauses  of  the  Public  Health  Act  of  1875. 


have  seen  thiit  a  regular  supply  of  pure  air — in  tether  words,  effieleni 
.tion — is  n3quired  to  remove  the  excr<;ta  of  the  lungH  and  the  volatiJe 
pftidiicU  of  the  flkm  The  solid  and  fluid  excreta  from  the  bowtla  and  the 
kidjii^ys  ought  to  he  as  rapidly  and  as  completely  removed  aa  the  gasetmg 
impurities. 

It  is  highly  probable  that  to  harbarouB  and  ineffirieiit  modes  of  rcmoviug 
the  excreta  of  men  and  of  animals  we  must  partly  traee  the  great  prevalence 
of  di^ase  in  the  middle  ages,  and  there  is  no  doubt  that  ciany  of  the  diseases 
BOW  prevailing  in  our  large  towtiH  are  owing  to  the  name  cause. 

kTVhen  men  live  in  thinly-pnpulated  countries,  fullowing,  as  they  will  then 
^  an  agricultural  or  nouiade  life,  they  will  not  experience  the  cousei[ueiicc8 
'  of  insufficient  removal  of  excreta.     The  sewage  matter  rctunis  at  once  to  that 
great  deodoriser  the  soil,  and  fertilising  it,  becomes  a  hcneiit  to  man,  and  not 
a  danger.     It  is  oidy  when  men  collect  in  communities  that  the  disposal  of 
ta  becomes  a  matter  literally   of  life  and  death,  and  before  it  can  be 
led  the  utmost  skill  and  energ}'  of  a  people  may  be  taxed, 

question  of  the  projier  mode  of  disposal  of  sewage  has  been  somewhat 
»lezed  by  not  keeping  apart  two  separate  considerations.  The  object  of 
physician  is  to  remove  as  rapidly  as  pusRible  all  excreta  from  dwellings, 
■o  that  neither  air»  water,  nor  soil  shall  lie  matle  impure.  The  agriculturist 
wishes  to  obtain  from  the  sewage  its  fertilising  powers.  It  is  not  easy  to 
ntisfy  both  parties,  but  it  will  prubably  ht^  conceded  that  safety  is  the  first 
fhing  to  be  sought,  and  that  profit  must  conae  afterwards. 


SECTION  L 


BlifOUNT  AKD  PRODUCTS  OF  THE  SOLID  AND  FLtJID  EXCBETA. 

^B  Amount  of  the  solid  and  fluid  Excrettu 

(PThe  amount  of  the  bowel  and  kidney  excreta  vary  in  different  persons  and 
tfith  different  modes  of  life.  On  an  average,  in  Europe^  the  daily  solid 
«Kcreta  are  about  4  ounces  by  weight,  and  the  daily  fluid  excreta  50  ounces 
ly  measure  for  each  male  adalt.  Women  and  children  pass  rather  less, 
Ye^^table  pass  more  solid  excreta  than  animal  feeders^  but  this  is  chiefly 
owing  to  a  large  proportion  of  water.*  Taking  aD  ages  and  both  sexes  into 
cosisideiution,  we  may  estimate  the  daOy  amount  per  head  of  population  in 
Xiirope  at  2 J  ounces  of  fsecal,  and  40  ounces  of  urinary  discharge.  A  pojiu- 
Imtlon  of  1000  pereone  would  thus  pass  daily  156  lb  of  solids  and  2G0  gallons 
of  urine,  or  in  a  year  25  tons  of  fieces  and  91,250  gallons  (14,646  cubic  feet) 
of  xmut.  Letheby  gives  the  mean  amount  per  head  as  2*784  ounces  of 
iBces  and  31*851  ounces  of  urine.     In  a  miied  population  of  1000  jhtsoub 


♦  Mr  Fftwctiii*§  erperitueuta  an   Bf^Ftgale^  prisoners  give  nn  average  bowel  ejccrction  of  12 
-—  tad  in  Boiubia.y  Dr  H^ivlett  found  ih^  vtriiie  dtiHibArgi'ft  to  be  quite  u  Uige.^ 
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of  ilifferent  sexes  and  ages,  Letheby  has  calculated  that  the  daily  dii 
of  the  whule  town  will  bo  226 (>  tb  iivolv,  uf  urin*.^  and  177*0  fh  of  (i 

Fnmkland  estimak's  the  mean  daUy  ainoTint  i>er  head  as  3  ounooe  of  fmm,^ 
and  iieiirly  40  oiim-e^  by  me^iann?  of  nrine.     In  adnlt  males  the  qiiautitT 
nitrogen  dtiilj  dis<)harged  by  the  Ixiwela  and  kidneys  amounts  to  ifcjm  2 
to  306  grains,  rejiresenting  304  and  372  gniins  of  ammonia.     Taking 
whole  jai]>iilation,  however,  the  amount  ninst  be  considerably  less  thiuj 
I  i^l€(date  it  as  153  gniina  of  nitrogen,  and  Lcithehy  gives  it  as  155*6  gmiji-, 
or  from    186  to  189  gniins  of  ammonia,  Le.^  the  mean  excretion  of  all  Uic 
population  Ls  very  nt-arly  half  the  excmtion  of  the  adnlt  male, 

*  Decoinpositwn  of  Sewage  Matter. 

Fresh  healthy  fuecal  matter  from  persons  on  tnixed  diet,  unmixed 
nrine^  has  an  at^id  reaction,  and  this  it  retains  for  a  considerable  time  ; 
then  becomes  alkaline  froio  ammonia.  If  free  from  urine,  it  usually  dect»m^ 
posea  slowly,  und  in  hot  weather  often  dries  on  the  surface,  anil  sulisequeudT 
changes  hut  little  for  some  time.  The  urine,  when  unmixed  witli  fjeal 
matter,  ^dso  retains  \is  natund  acidity,  for  a  variable  number  of  days,  mvo»^ 
times  tinve  c^r  four ;  Kumc times  eight  or  ten,  or  even  longer,  and  then  bccximc* 
alkaline  from  mval  decomposition.  When  the  fteces  and  urine  are  mix^ 
the  f<:^nniition  of  ammonium  carbonat-e  from  ureal  decomposition  ia  mw\i 
more  m\AA ;  the  aohd  excreta  seem  to  have  the  sfirae  8t>rt  of  action  m  tlw 
Idadder  mucus,  and  the  mixed  excreta  hecomo  alkaline  in  twenty-four  bonrSi 
while  the  sejjarate  excreta  are  still  acid.  Anrl  in  itn  turn  the  pn^«sentx?  of  i 
uiiue  seems  to  aid  the  decomposition  of  the  sulid  matt4.'r,  or  thiis  ma? 
perhajks  from  the  effect  of  tlie  fliiid,  as  pure  water  seems  to  act  almr^t 
rapidly  as  urine  in  this  resiM?ct  Papinmheim*  ettitos  that  the  absorfition 
oxygen  liy  the  fieces  is  greatly  inci^ased  when  urine  is  added.  When  the 
solid  excreta  and  nrine  are  left  for  two  or  three  weeks,  the  mixture  K-coi 
usually  extrt^mely  viscid,  and  this  occurs,  though  to  a  less  extent,  when 
cqnal  quantity  of  pure  water  takes  the  place  of  urine.  The  viscidity  is 
vented  by  carbolic  acid. 

When  the  solid  excreta  (unmixed  with  urine)  begin  to  decompowe,  they  gi^ 
out  very  fa^tid  substances,  which  are  no  doul>t  organic  ;  suljthuretted  by' 
is  seldom  detected,  at  any  rate  by  the  common  plan  of  susi^ending  paper  muki 
in  lead  solution  qItovo  the  decomposing  mass*  'VMien  heated,  a  large  qnantr 
of  gas  is  disengaged,  which  is  inflammable,  tmd  consists  in  great  meaaure 
caiijuretted  hydrogen.  Wlien  (instead  of  lieing  drj^)  urine  is  prej 
ammonia  and  fcctid  organic  matters  are  disengaged  in  large  ciuantity,  MTbcft 
water  is  lAm  ]iresent,  and  if  the  tonijierature  of  the  air  is  not  too  low,  ndl 
only  organic  inattei's  but  gase^  are  given  out,  consisting  of  light  eafbiifeilled 
hydrogen,  nitrogen^  anil  carbonic  acid.  8nlphurett4fd  hydrogen  «in  be  abo 
disengaged  by  heat,  and  is  almost  always  found  in  the  lit juid,  usually  in  oom^ 
hination  with  aimuonia,  from  which  it  is  sometimes  liberated  and  then  ptiam 
into  the  air, 

Compmition  of  the  Air  in  Ccmpooh  €md  Sewers  {me  page  107). 
Ejfeda  of  Sewage  Efflnviu  on  Health  (see  page  125)* 

SECTION  H 
METHODS  OF  REMOVAL  OF  EXCBETA. 
While  all  will  agree  in  the  necessity  of  tlie  immediate  removal  of 
«  Eiiudk  der  Soil  F<>L  2d  edit,  biuMi  L  p,  7t 
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fhitn  flwellinj^  the  "best  mtxlfts  of  dt>ifig  bo  are  by  no  means  settled*  It  is 
nnforttmate  that  aome  warmth  of  controversy  has  be<?n  introduced  into  the 
dt8c*ussii>n  on  this  |>oint^  and  that  a  fotding  of  partmiiiLship  hm  nri»L^n.  Hie 
bet  is  that  several  methods  of  removing  sewage  are  ajiplirnlilo  in  ditftm^nt 
circumstances,  and  tht^ir  relative  amounts  of  utility  depitnd  yntirHly  on  the 
conilition  of  th*/  particular  place. 

The  difterent  pliinfl  may  be  convf>ni*^ntly  ilivided  into — * 

1,  Tli*-^  walcT  jiK4hod. 

2,  The  dry  methods. 

Before  nr»ticin;:c  these  plana,  it  will  he  convenient  to  make  a  few  general 
ons  on  sewers* 

Sewers. 

Bwers  are  t'onduits  employed  to  remove  waste  water  and  wasto  producftfl 

endetl  in  wat4ir  from  housefl,  or  to  carry  away  rain,     Anionj?  the  waste 

iuctfl  may  be  the  mild  and  liipiid  excreta  of  men  and  aiuuiab,  or  the 

of  tnkle  and  factory  openitions^     Or  sewers  may  Iw  Uj=ied  merely  for 

conveyance  of  <lirty  house  water,  without  the  atlmixture  of  excreta  or 

le  refuse. 

It  is  quite  impossible  that  any  town  or  even  any  single  large  house  can  be 
erly  fiveil  of  its  wast«  hoiuse  wat^T  without  j^ewerH,  and  iu  a  more  or  1p?3 
iiici  condition,  they  are  to  be  found  not  only  in  all  iinMltTu,  but  in  most 
ancient  citii»e.  Originally,  no  douht,  thcj  wor^i  mere  surface  iliauuels,  as  they 
are  still  in  many  towns  ;  but  for  the  sake  of  appearance  and  inort*ui8ivene#!a, 
the  ciisrtom  must  have  soon  arisen  of  plfwniig  them  Tindcrground,  nor  in 
mocleni  towns  could  they  now  he  arranged  otherwise.  In  some  large  towns 
there  ape  even  hundreds  of  mOea  of  sewere  constructed  often  with  great  skill 
iizid  science,  and  they  serve  in  some  instance  as  the  channels  not  only  for 
nun,  bnt  for  natural  streams  winch  have  been  enclosed. 
^The  sewers  form  thus  in  the  subsoil  of  towns  a  vast  network  of  tulies, 
J  every  lioiL^e,  and  converging  to  a  common  outlet  where  their  con- 
I  may  be  discharged. 
Jn  some  townii  the  sewers  carry  away  none  of  the  solid  excreta^  though 
ably  urine  entei^  in  all  cn^os,  Jn  most  towns,  however,  ^did  excreta  In 
ktcr  or  less  quantity  enter,  owing  especially  to  the  prevalent  use  of 
r-closets,  or  to  the  drainage  of  middens  and  manure  heaps. 
[lether  the  solid  excreta  pass  in  or  not,  the  li«|uid  in  the  sewers  must 
lys  contain  either  suspended  or  «lissulvod  animal  ami  vegetable  matters 
veil  from  the  refuse  of  houses.  It  is  generally  warmer  than  the  water  of 
streams,  and  is  of  no  constant  conifnisition  ;  sometimes  it  in  very  turbid,  and 
highly  impure ;  in  other  cases  it  is  harflly  more  impure  than  the  water  of 
tnrface  wells.  The  suspendotl  matters  are,  however,  generally  in  larger  pro- 
portion than  the  dissolved. 

In  some  cases  the  sewer  water  is  in  greater  amount  than  the  water 
fapplied  t<i  the  town  and  the  rainfall  together.  This  arises  from  the  subsoil 
watf>r  tinding  its  way  into  the  sewers. 

One  ton  of  London  or  Rugby  sewage  contains  only  from  2  Ih  to  3  lb  of 
aalid  matter  (Lawes)4 

Dr  CorfteJd'a  work  (A  Dige/rt  of  FACt>  RelJitmg  to  the  TreatiiieiU  and  UliliuAtiou  of  S«wajre, 

W*  H,  CwWeld,  2f\  edit.  ISTl)  will  be  frmnd  to  giv<  a  (?fio<l  aiinmiary  of  tliia  siibjirt,     R«t« 

Report  of  »  OommitUe  iippoiTit<*d  b^  the  President  of  th«  Local  OoveniiTiciit  Board  to 

into  the  MTonl  modes  of  tniiiting  Town  SewAge,  Loudoii,  Eyre  and  3i>ottiirwooiIe| 

'4'  for  the  oompwitioa  of  aewer  water  tee  W»y,  Second  Report  of  Commoa  Sow»ge  of  Towiia^ 
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The  average  composition  of  sewer  water  in  towns  with  water<looete  i 
organic  niattcir,  27*72;  nitrogen,  6'21  j  phosphoric  acid,  l'5T  ;  potiahi  %^ 
grains  per  gallon.* 

Th(i  RLvera  Pallntion  Commiiisiouers  give  7*28  grains  of  organic  mtrog«D 
per  100,000  parts,  or  5  "41  gmins  per  gallon  ;  the  mean  amount  of  ammoim 
h  6-703  per  100,000,  or  4"695  grains  per  gallon. 

Undcvr  the  micru^copOj  sewer  water  ci>ntaina  various  dead  decaying  mitten^ 
and  in  addition  multitudes  of  Bacteria  and  amcaehiform  bodiea,  aa  wisU  m 
»omw  ciliiitod  iufusaria,  especial ly  Paraniecia.  Fungi  (spores  and  myoelina) 
are  aeen,  but  th«m  are  few  Diatoms  ur  Desmids,  and  not  many  of  tin 
highur  aniumlst  such  aa  rotifeni. 

A  controversy  is  still  going  on,  whether  the  solid  excreta  ought  to  l« 
fi(bnitti*d  into  the  sewers.  The  point  is  virtimlly  pmctically  divided  b 
mauy  towns  in  this  country  by  the  general  use  of  water-closete,  which  canntil 
now  ill  these  towns  be  auperaeded  by  any  plan  yet  proposed.  It  is,  howewm, 
quite  Ml  <i|ien  <|UP3tioiij  whether,  if  all  the  arruiigementa  could  be  oommeiical 
de  uovtjj  the  adniis^sicm  of  the  solid  excreta  would  be  proper,  A 

Tlni  argunieiit8  for  and  against  this  view  will  presently  b©  state*!.  i 

Wh«'ther  the  solid  excreta  are  allowed  to  pass  in  or  not,  it  is  cl^r  thit 
the  dirty  water  of  the  sewers  must  in  aome  way  be  dispos*^*!  of.  It  is  in 
every  case  nmre  or  less  imj>ure,  containing  animal  and  vegutitble  substaat^ 
in  a  skile  of  eonnnencing  decay,  which  passes  readily  into  putrefaction.  Pw 
readiest  mode  of  getting  rid  of  it  is  to  poaa  it  into  streanua,  where  it  is  >> 
once  subjected  to  the  influence  of  a  large  body  of  water,  and  where  the  solid 
matters  either  become  slowly  oxidised,  or  form  food  for  fishes  or  water  plank 
or  subi^ide.  Although  from  an  early  period  streams  were  thus  contamiiiAted 
and  their  water  origin jdly  pure  wiis  thua  rendered  unfit  for  usei,  it  is  onlj 
lately  that  a  strong  opptosition  has  arisen  to  the  discharge  into  sIraiDi 
This  is  owing  partly  to  tlie  grcattvr  pollution  and  nuisance  cauaad  by  tin 
moix'  conimon  use  of  water-closets  and  the  largely  increasing  trade  of  th? 
country,  wliich  causes  more  refuse  to  he  sent  in,  and  partly  to  the  evid 
which  has  been  hitely  brought  forward  of  the  disciises  which  are  cauaed 
drinking  wak^r  ma*le  impure  in  this  way.  To  prevent  the  nuisance 
danger  caused  by  the  pollution  of  streams,  many  actions  at  law  hare 
brrmglit,  and  in  some  cases  special  Acts  of  Parliament  have  forbidden 
discharge  of  sewer  water  into  certain  rivers  until  after  efficient  purificatieiL 
The  Rivers  Pollution  Act  of  1876,  nowdeak  with  the  question,  ite  piovisioQS 
liaving  come  into  operation  on  the  15th  Aug.  1877. 

Up  to  a  certain  point,  there  would  prolwibly  1^  a  general  agreement  u  •• 
the  priru!iple  on  wliich  this  difficult  question  should  he  dealt  with.  Aninal 
substances  in  a  state  of  decay  can  be  best  prevented  from  contaminating  thi 
air,  the  soil,  or  the  water  of  streams,  by  imitating  the  operationa  of  oitliya 
In  the  euilless  cycle  of  physiad  change,  decaying  animal  matten  are  tlM 
natural  food  of  plants,  ami  plants  again  form  the  food  of  animala. 

It  so  happens  thatj  ^vith  the  exception  of  aome  mineral  trades^  the  VHli 
products  of  which  are  hurtful  to  agriculture,  many  of  the  substances  oontuiMi 
in  the  sewer  water  of  our  towns  are  adapted  for  the  food  of  plants^  imd  m 
seem  on  sure  ground  when  we  decide  that  it  must  be  correct  to  anbrnii  ihtm 
matters  to  the  action  of  plant  life,  and  thus  to  convert  them  from  iboigiiQai 
impuriti*?s  into  wlioleaome  food. 

The  difficulty  is,  however,  with  the  application  of  the  principle,  and  at  thi 
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t  moment  there  la  the  utmost  diversity  of  opinion  on  this  point.  It 
however,  that  we  may  divide  the  opinions  into  two  classes.  Accurd- 
iDg  to  one  opinion,  the  proper  mode  is  to  bring  the  waste  water  of  towns, 
when  it  contains  fertilising  matters,  at  once  to  the  ground,  and  after  the  arrest 
«i  substances  which  may  blocic  the  pipe^,  to  pour  it  over  the  land  in  such  a 
way  as  may  be  liest  adapted  tr>  free  it  from  its  irapurities,  and  to  bring  it  most 
rapidly  and  efficiently  under  the  influence  of  growing  plants. 

The  other  opinion  objtJcU  to  this  course  on  two  grounds ;  first,  that  the 
substances  are  not  bro tight  t<o  the  ground  on  the  most  convenient  fonn  for 
agriculture,  and  ali^o  that  the  plan  entails  evils  of  its  own,  arising  from  the 
inuneiKse  quantity  of  water  brought  upon  the  land  and  fn>m  the  diflicnlty  of 
officiant  managements  The  advocates  of  this  second  view  would,  therefore, 
•ome  plan  of  separating  th«  impuritieii  of  the  water,  and  would  ilnm  apply 
m  a  solid  form  to  the  land,  or  use  them  for  some  other  purpose,  sm  in 
General  Scott's  plan  of  adding  the  materials  for  cement  and  then  makiag  this 
substance.  The  purified  water  would  then  be  filtered  through  kud,  or  ]>aased 
into  streams  without  further  treatment 

In  the  case  of  the  sewage  water  containing  materials  not  adapted  for  agri- 
cultufe,  both  parties  would  deal  with  it  in  the  same  way,  viz.,  purify  it  hy 
chemical  agencies  or  filtration,  and  then  allow  the  water  to  flow  off  into 
fttreamSy  wMIe  the  solid  products  would  be  disjK>sed  of  in  the  most  convenient 
way. 

Theae  general  views  apply  to  any  sewer  water,  whether  it  contains  solid 
excreta  or  not,  although  if  these  excreta  can  be  perfectly  excluded  the  sewer 
water  is  less  offensive.  It  has  hitherto  been  often  poured  into  streams  with- 
out previous  purification,  though  now  Lhii^  practice  is  prohibited  by  law. 

The  sewers  of  a  town  are  for  the  most  jmrt  used  also  to  carry  otf  the  rain- 
fall, and,  indeeii,  before  the  introduction  of  water-closeta,  they  were  used  only 
for  this  purpose,  and  for  taking  away  the  slop  and  sink  water  of  hoiises.  In 
countrit^  with  heavy  rainfall,  and  in  this  country  in  certain  cases,  the  rain- 
channels  are  distinct  from  the  sowers,  and  the  outfalls  may  he  in  an 

tirely  different  direction.     This  is  sometimes  called  the  "  separate  syatem." 
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This  is  the  cleanest,  the  readiest,  the  quickest,  and  in  many  cases  the  most 
inexpensive  methorL  The  water  supplieti  for  domestic  puqroses,  and  which 
haft  poasihly  been  raised  to  some  height  by  atc^am  or  horiic  power,  give^  at 
once  a  motive  force  at  the  cheapest  rate  ;  whlle^  as  channels  must  necessarily 
be  made  for  the  conveyance  away  of  the  waate  and  dirty  w*ater,  which  has 
been  iited  for  domestic  pur|K)se8,  they  can  be  used  with  a  little  alteration  for 
e(xcieta  also.  It  would  be  a  waste  of  economy  to  allow  this  water  to  pass  off 
without  applying  the  force  which  has  been  accumidated  in  it  for  another 
purpoeei 

But  if  this  is  obvious,  it  is  no  less  so  that  cartain  conditions  of  success  must 
be  pPBsent,  vrithout  which  this  plan,  so  good  in  principle,  may  uttc?rly  faiL 
These  conditions  are,  that  there  shall  be  a  good  supply  of  water,  goo<l  sewers, 
VeDtil&tioii,  a  proper  outfall^  and  means  of  disposing  of  the  sewer  water.  If 
oonditiona  cannot  be  uniteii,  we  ought  not  to  disguise  the  fact  that 
may  give  rise  to  no  incoiisidemhle  dangers.  For  what  are  they? 
are  underground  tubes,  comiecting  houses,  and  allowing  possibly,  not 
SMtely  accumulation  of  excreta,  but  a  ready  transference  of  gases  ami  organic 
molecukfl  from  house  to  house,  and  occit.sioually  also  causing,  hy  bursting, 
coatamination  of  the  grounfl,  and  poisoning  of  the  water  supply*     And  all 
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tlieae  dangera  are  tlie  greater  from  being  conoealed.  It  is  prokblf  a 
BB  has  been  lately  pointed  out,  that  in  deep-kid  sewers  the  praeRUf  ifl 
of  tbe  water  of  tbe  siuroanding  soil  is  so  great  a»  frequentlj  tocanjena 
into  the  sewer,  and  so  prevent  the  exit  of  the  contents  ;  but  in  otltf|l 
the  damage  to  the  sewer  may  be  too  great  to  be  neutjBllaed  in  tbu  iu 
in  the  instance  of  superficially  laid  and  ehoked-up  pipes^  thepreeBiifeoJ 
of  the  contents  must  be  condiderable.*  The  dangers  of  «eire»  nrv  tM 
so  great  that  many  persons  are  inclined  to  think  their  tue  an  cutimaH 
but  thi^  is  probably  going  much  too  far  if  the  securities  above  notidd 
obtained  ;  these  securities  are,  a  good  supply  of  water,  properly  flOVH 
and  well  ventilnted  sewers,  and  means  of  disposal  of  the  aewag9  VHM 
these  three  conditions  can  be  brought  together,  sewers  for  excnteM 
hurtful  1 

Amount  of  Water  for  Seirers  tntetided /or  Eixreia.        J 

Engineers  are  by  no  means  agreed  on  the  necessary  uno^mL  |fl 
chapter  on  Water,  I  named  25  gallons  per  bead  per  diemf  on  the  •a| 
of  Mr  Brunei,  as  the  amount  required  to  keep  common  sewers  cle«r,i]al 
with  this  amount  there  nhould  be  some  adtUtional  quantity  for  fltuhiii^] 
in  some  ctisea,  a  good  fall  and  welldaid  sewers  may  require  leas,  and  M 
cases,  hail  gradients  or  curvets  or  workmanship  maj  requiie  mom  I 
question  whether  rain  water  should  be  allowed  to  pass  into  sewers ;  im 
the  sewers  thoroughly  sometimes,  hut  it  also  carries  dehrU  and  gnvn 
the  roads,  which  mny  clog  ;  while  in  other  cases,  storm  waters  maj  bd 
sewers,  or  force  back  the  sewage. f  1 

Conatntciion  of  Setrer^. 

Sowers  are  difTcrently  constructed  acconling  to  the  purptDst^  thi?yji 
serve,  {*<?*,  whether  simply  to  carry  oif  house  and  trade  water,  or  tl^  i 
excreta  in  addition^  or  one  or  both,  with  the  miiifalL  J 

In  following  out  the  subject,  it  will  be  convenient  to  trace  the  mwm 
the  houses  to  the  outfall  I 

Hou^  Pipes  and  Drain*,  1 

It  will  be  convenient  to  call  the  conduits  inside  the  houst,  wliicb  mi 
sinks  and  closets,  "  house  pipes,*'  and  to  give  the  term  **  dmin  j  i 
conduits  which  receive  the  house  pipes,  and  carry  the  house  watr 
or  main  sewers.  The  house  pipe-s  mtiy  he  divided  into  sink  and 
or  soil  pipes  ;  they  are  made  of  metal  (lead,  iron^  or  zinc,  or  two 
of  earthenware.  The  drain-pipes  are  usually  matle  of  well-1 
smooth,  glazed  earthenware,  J  All  bricks,  porous  eartbenware^  or  ^ 
of  the  kind,  shoidd  he  considered  inadmissible  for  drain  pipes,  hwl 
unless  thoroughly  cemented  inside,  are   not  good,§     The  pipes  lad  T 

*  In  Fnuikfort  the  sewera  were  made  with  ^ood  und  weU'Oement^d  lirick%  iftii]<i§ 
kofcr  fouQd  K  Btreani  of  water  ia  ttietit  before  the  sewer  wat<fr  had  b«ea  «ilow«d  Ifti 
tlie  oilier  bund,  in  Muiiieh,  in  a  sewer  of  comnion  brick  am!  cement,  tb«  witer M 
fast  tbflt  a  flask  of  750  CO.  was  filled  in  fifteen  minutea  (Koth  and  Let  afi,dl^i 
avoid  tlie  L'titrance  of  stihsoil  water,  a  plan  has  lately  come  into  mie  in  this  couiiUT^ 
an  under  drain  for  tbo  iubsoil  water,  and  pijie  draina  of  tliis  kind  are  now 
Brooke  of  HuddersfiebL 

t  Btorin  overtiows  require  to  be  provided  ;  for  a  deacription  of  tliem  sm  BiiliyD 
eit  scLtions  Ixii,  and  Ixxxw 

X  Mr  Baldwin  I>ivtbttiii  cniitions  us  to  ««  tbat  tbe  socket  of  the  divn-pipe  ii  I 
and  is  a  component  part  of  tbe  pipe^  and  not  merely  joined  on. 

§  PerbajHi  Barfl^!«  prruiieHs  may  became  applicable.     Iron  pipot  witli  Uad  jmifr^ 
good  anionic  trees,  the  roots  of  whicb  often  penetrate  the  joints  of  eftrthenwaiv  niii 
carefully  laid.     Concrete  ja  alao  well  spoken  of.     Coating  the  pip«i  «]id  jdBlil 
preventa  (according  to  Mr  Mecbi]  the  penetration  of  weed*  and  toot^ 
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'aiae  horn  4  to  1 6  inches  diameter,*  but  the  usual  size  is  5  t<3  8  inches ; 

round  or  oval  in  shape*  f 
toc^/on  of  Home  Plpm  wfth  the  Drams.^lt  is  cuaUimaTy  tf>  coranieuco 
at  the  basement  of  the  house,  and  thf  sink  and  closet  pipas  pass 
ide  the  house  and  join  on,  a  water-trap  being  jtlaeeil  at  the  junction,  J 
liratory  power  of  the  warm  hou^^e  m  then  constantly  tending  to  draw 
:h  the  water- trap,  and  as  the  trap  is  liable  to  get  out  of  oixier,  it  is 
,ble  to  alter*thi8  plan,  llie  dniins  ahould  end  outside  the  house, 
possihle  every  house  pijte  should  pass  outside  and  not  inside  or 
to  meet  the  dndn.  The  object  of  this  is  that  any  imperfection 
Spe  should  not  allow  the  pipe  air  to  pass  into  the  houses.  At  the 
I  of  the  houfie  pipe  and  drain,  there  shoidd  ntit  fmly  l»e  a  good  water- 
It  one  of  the  plans  projiosed  l>y  engineers  should  be  adopted,  by  means 
b  there  is  a  compiete  ventilation  and  connection  with  the  outside  air  at 
Dt  of  junction.  The  rule,  in  fact,  should  be,  that  the  union  of  any 
Ipe  whatever  with  the  outsitle  drain  should  be  broken  both  by  water 
ventilation  (see  page  371).  In  addition,  it  should  be  a  strict  rule, 
drain  pipe  of  any  kind  should  pass  under  a  house  ;  if  there  must  be 
IRssing  from  front  t^j  back,  or  the  reverse,  it  is  much  better  to  take  it 
the  basement  floor  than  imdernea.tli^  and  to  have  it  exposed 
tout  ita  course.  It  i^  hardly  ijossihle  to  insist  too  much  on  the 
of  this  rule  of  disco nuection  between  house  pipes  and  outside 
events  have  shown  wdiat  a  risk  the  richer  classes  in  this 
who  not  only  bring  the  sewers  into  tlie  houses,  but  multi- 
and  often  put  them  close  to  bedrooms,     Tlie  simple  plan  of 


^ZS: 


Cl^ 


a_i 


T^  82. — Jemaing's  Acceu^pipo. 


(i:^^ 


Fig.  83,  -StiiTs  Access-pip^  md 
JvLnciiosk, 


Fig,  Si.— Bonlton  and  Watt's  Access  pipe, 

bction,  if  properly  done,  would  insure  them  against  the  otherwise  cer- 
ftger  of  sewer  air  entering  the  house.     Houses  wliich  Lave  for  years 


1 919  nmde  tip  to  36  inches,  mBuidly  round  up  to  16  or  IS  inches,  md  oval  Above  tliat 
i  Are  now  desiroiis  of  restricting  the  term  "drain"  to  a  pipe  thnt  merely  draws  off 
from  lattil,  tuiuff  the  term  "sewer**  for  a  pipe  carr3ring  aewage  or  liquiil  refui^t*  of  any 
bi8  distinction,  however,  haa  not  been  made  in  the  Puolic  Health  Att  of  1B75,  and  I 
[ttfore  made  no  ttlti?r»ition  in  the  text.  {Bet^  Bailey  De  Jiton'a  Snrtitiiry  EnCTneenni^.  p,  16*  \ 
refer  to  a  useful  little  work  hy  Mr  William  Easaie,  chIIhI  Healthy  Houses  (2*1 
ittch  infurmfltion  on  this  and  kindred  subjects.  Some  of  the  rtrawingii  given  hi  m 
I  from  Ml-  Eaanie's  work,  by  his  permisaion  j  reference  may  al*o  be  nmde  to 
.^^  imentfl  for  Dwelling,  by  the  same  author, 

ftre  olwaya  Anxiona  to  conceal  tubes,  and  thua  carry  th«m  m,s-ide  the  walls,  or  in 

boUow  walla^  between  the  two,     Tlie  connevjutnce  is  that  any  estyipe  of  air  mnst  Ho 

1  have  known  a  c^ue  in  which  the  leakage  of  a  closet  pipe  carrier!  down  in  a 

itantly  contawiinated  the  air  of  the  house.     It  would  he  infinitely  h^.^tter  to 

onoe  through  the  wall  t*j  the  outside.     Few  person^  have  any  idea  of  the  care- 

ibers*  work— of  the  bad  junctions,  and  of  the  rapidity  with  which  pipew  get  out 

cay.     When  a  leaden  pip*  carrying  water  is  led  into  a  waterclostt  dischari^ 

ntly  simply  puttied  in,  and  very  soon  the  dried  putty  brenki*  awaVj,  and  there 

[eftkage  of  gas  mto  the  hon-ie.     Even  if  weU  joined,  the  lead  pipe  will,  it  is  aaitl, 

eipuid,  and  thug  openings  are  at  last  forniefl.      Dr  Fergus  of  Glasgow  haji 

..Jciilttr  •ticntiou  to  this»  in  the  caae  of  leml  doaet  pipe*,  which  l>eoome  «MiUjr 

uid  wbicli  have  only  a  limited  duratioa  of  wuir. 

2^ 
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been  a  Eniaanc^  from  persistant  BMeUs  have  been  piiiiBed  and 
by  tins  mean  Hi, 

Cleaninij  of  Piiyes  and  DraiJhs, — Pipes  are  cleaned  by  flexibU?  bamboo  flr 
jointed  rods  with  screws  and  rolI<3r8  to  looaen  Bediment,  But  for  perfact  nfctf 
it  i8  iiesirable  to  have  drain  pipes  which  can  be  opened  at  interrala  by 
of  hila  or  caps.  Several  kin^ls  of  pii>e8  of  thi8  kind  ("  access- pipea") 
niadt^,  and  Mr  Eassie  states  that  many  architects  always  include  tbem  in  thm 
epeciiif  wit  ions.  Drain  pipes  should  also  be  'cleared  out  by  regulaj  flmli^ 
carried  out  not  hm  oft^n  than  once  a  montlL 

Lat/iug  of  Dratm^ — ^They  should  be  laid  very  carefully  on  conci^ta  tD  d 
looae  soils,  and  on  well-workeil  pmldled  (lay  in  clay  soils.  Bmuiitiiiiei^  ii 
very  loose  soils,  even  piling  for  the  di^pth  oi  a  foot  must  be  used  htteidm  tti 
concrete,  ^^*heu  pipes  are  not  laid  on  a  good  foundation,  leakages  ia  mm  to 
occur  aooner  or  later,  and  the  finid  exfHfUse  is  far  more  than  the  fifal  oiilli)r 
would  have  been*  The  greate^st  care  mnat  be  taken  in  lajin^  ami  juinioj;  tb 
pil>ei*.  In  a  wet  soil,  a  good  plan  is  to  have  a  fiim  basLs^  wbicli  ia  iteelf  p# 
funitcd  to  carry  off  subsoil  water,  and  to  put  the  drain  over  thia  aa  in  tlie  ^ 
of  Measrs  Brooke  and  Son  of  Huddersfield  (see  fig,  96). 

The  **  junction  "  of  pipes  ia  aocompliahed 

^  A       H^       ®//     speciai  pi|x^s,  known  by  the  names  af  siQgl* 

\/^        N  f  Y  /     double  squares,  curved  or  oblique  jitnetio]i4 

u  U      cording  to  the  angle  at  which  one  pipe  nmg  JADi 

the  other.     The  srpiare  juuctiona  are  nndc^iiilik 

as  blockage  will  always  occur,   and  the  oldiiv 

junctions  shoidd  be    insisted  upon.     Wbeo  cm 

g  g^  pipe  oi>en8  into  another,  a  taper  pipe  ia  often  utdi 

fy|-0 — y  fll^^^D  ^^^  calibre  being  contracted  before  it  entcntln 

„.    OK     t    _*  reeeivini^  pil>e. 

Fail  nf  Dmm  Pijws.—^\   in   48  id  frpqi 
given,  or  f  inch  in  every  yard  ;  a  fall  of  1  in  65  in  drains  of  6  Incbea  dia 
and  1   in  87  in  drains  of  8  inches  diameter,  ^vill  give  a  velocity  of  ! 
per  nunute.     Mr  Eussie  says  "  the  liest  practice  is  to  allow  a  fall  uf  : 
inches  tt)  every  10  feet,*'  that  is  about  1  in  40. 

JIome-Traj}^.' — As  the  traps  are  ustially  the  only  safeguard  against  ih» 
warm  house  dramng  sewer  air  into  it,  the  ntmnsfc  attention  is  neceaaanr  to 
insure  their  efficiency.  There  is  alimwiit  an  infinite  diversity,  but  they  am  U 
conveniently  divided  into  the  syphon,  the  midfeather,  the  flap>tmp,  and  tb« 
bull-trap, 

ITie  syjihon  is  a  deeply-curve<i  tube,  the  whole  of  the  curve  being  alum 
full  of  water.  It  is  a  Ufl45ful  trap,  and  i?fficient  if  the  cnrve  is  deep  etioQgk 
so  that  there  is  a  certain  depth  of  water  (not  less  than  }  inch)  standing  afc^ff 
the  highest  level  of  the  water  in  the  curve,  and  if  the  water  is  never  sucM 
^^_^  out  of  it,  and  if  the  pipe  m  not  too  small,  so  that  thm  loltf 
^^Sr^  is  carried  away  when  it  runs  full,  by  the  sypbon  aciim  if 
the  pipe  beyond. 

The  midfeather  is  in  principle  a  syphon  ;  it  is  HMnly  • 
round  or  square  box,  with  the  entry  at  one  side  at  tht  Inf^ 
and  the  dis? charge-pipe  at  a  corresponding  height  on  tat 
opposite  8ith\  and  between  them  a  ptirtition  reai^hing  Wov 
the  lower  mai^gin  of  both  pipes.  Water,  of  coonei  i^adi 
in  the  Vix  or  receptacle  to  the  height  of  the  diaelia^pe^  aal 
thert^ifore  the  jKirtition  is  always  to  aome  extent  under  wwtm. 
The  extent  shoidd  not  Ijc  less  than  tbree-fouitha  of  an  incb,  Hei 
8ul>stances  may  subside  and  collect  in  the  box,  from  which  ther  can 


diam^l 


Fig.  86.— Autill 
IVap  and  Lock 
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from  tune  to  time.  The  coaimon  ball-imp^  with  its  modificationsy 
h  m  varietur  of  the  midlaather^mp.  I  tigure  a  goiKl  kind  o!  common  sink 
Imp* 

The  flap  10  nsed  only  for  some  drains,  and  is  merely  a  hinged  Tslve  which 
aOowft  water  to  posa  in  one  direction,  but  whit^h  is  m  hung  as  to  close  after- 
vuiis  by  its  own  weight  It  is  in  tended  to  prcveut  the  reflux  of  water  into 
|1m»  i»tH5ondary  drains,  and  is  supiMi^M^d  Ui  prevent  the  passage  of  sewer  gas^ 
Bui  il  18  probably  a  very  iiaperfoct  block. 

The  liell-trap  is  used  in  &onie  8p>eni(il  ca;8e8  only  ;  a  ball  is  lifted  up  as  the 
wilfT  rise8«  until  it  Lmpiuges  on  find  closes  an  orifice. 

However  various  may  be  the  form  and  details  of  the  water-trap,  they  can 
be  n^ferre*i  to  one  or  other  of  these  patterns, 

Efi*'i*ncy  of  Trtxpi, — Supixising,  of  course,  they  are  properly  laid,  a  trap 
k  id£cieut^  if  water  stands  in  it  to  the  height  of  |  inch  above  openings,  if 
Wilar  pjMnm  through  it  i^uiticit^Dtly  often,  and  with  force  enough  to  clear  out 
the  m?eptacla  and  renew  the  water  in  it  But  traps  are  often  ineffective — 
K  From  h«id  laying,  which  is  a  very  common  fanlt.  2d,  Frtjin  the  water 
gt^itiang  thoroughly  inipregnatotl  with  sower  effluvisi,  so  thnt  there  is  eseape  of 
•flmia  bom  fiiei  water  on  the  house  sule,  3</,  From  the  water  passing  too 
nldom  tlong  the  pi[>e,  an  that  the  trap  is  either  dry  or  clogged.  4/^,  From  the 

Ebeillg  too  small  (2  or  3  inches  only)  and  "rmining  ftdl,"  which  will  some- 
I  mic¥  the  water  out  of  the  tmp  ;  it  iistitdly  occui-s  in  this  way»  as  fre- 
ipnillly  aeea  in  sink  traps  :  thk>  pipe  beyond  the  trap  has  perhaps  a  very  great 
uid  tiruddeu  £aU,  and  when  it  is  fuU  of  water  it  acts  like  a  syphoii  and  sucks 
ill  the  water  out  of  the  trap  ;  to  avoid  this,  the  j»ipe  should  be  lai*ge  enough 
to  prevent  its  running  full,  or  the  trap  shoidd  be  of  lai^r  calibre  than  the 
lost  of  the  pipe.  5/A,  Trap  may  perhaps  be*  inefficient  from  the  pressure  of 
lbs  fewer  air,  combined  with  the  a«?pirating  force  of  the  house  dis{)biciBg  the 
Wllor  and  allowing  the  air  uninterrupted  communication  between  the  sewer 
ittd  like  boose.  The  extent  of  the  L'tst  danger  cannot  be  precisely  stated. 
Fkom  a  hiag  aeriea  of  observations  on  the  prc^ure  of  the  air  in  the  London 
wir«ira,  Dr  Burdon-Sanderson  ascertained  tbat»  in  the  main  sewers  at  any  rate, 
the  presaure  of  the  sewer  air,  though  gre^iter  than  that  of  the  atmosphere, 
ooidil  never  displace  the  water  in  a  good  trap,  In  a  long  house-dmin  which 
|p)i  dogged,  and  in  which  much  development  of  gaseous  effluvia  o 'curnHl, 
Ihare  migbl  poeaibly  be  for  a  time  a  mnch  greater  pressure,  but  whether  it 
IPOOld  be  enough  to  force  the  water  baik,  with  or  without  the  house  suction, 
hm  not  bc«n  yet  experimentally  det(^niiined.  But  the  reasons  already  given 
Aow  that  we  ought  not  to  place  dependence  solely  on  traps, *^  though  they 
•  *'  *» *-^*^' ' }  ?idj uncts.  In  arranging  the 
\  it  is  desirable  not  to  carry 
tar  saiut  and  waste-water  pipes  into 
Iho  doaet  soil-pipes,  but  if  it  can  be 
AiDe,  to  let  them  empty  in  the  open 
air  over  a  grating.  In  the  case  of 
loij  or  water-closet  pijies,  or  of  the 
nipii  formed  by  the  junction  of  soil 
mA  wMlA-watr-r  iiirif«  ^if  such  tunc-  Fig.  87.— Pipe«opim-  Fi^.  fiS.^Manierpli'i  Veo- 
aitt  waaie-watcr  pipes  UI  su^^n  junt.       y^^  ^^^^  Omting      Slating  Trap,  unprored 

Im  eymot  be  avoided),  there  must     ^id  IV&p.  hj  Jeaniagi^ 

ba  aUo  a  complete  air-disconnection 

himfon  the  pipe  and  drain  by  means  of  one  of  the  contrivances  now  used 


trtpA  are  dangerouji  artioka  to  deal  with  i  thitj  sliould  b«  treated 
good  draInog«  system/*    (Easaie.) 


tMfvljr  Ml  aasibaKlai  to  a 
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hj  engmeers.     At  tho  paint  where  tMs  discotmection  ii  Buide,  tlsat 
be  some  eaay  means  of  getting  at  it  for  inspection- 

h  There  are  varioiifl  plans  of  disconnecting  the  houae  pipe*  and  oda 
I  ^^^  The  simplest  plan  b  to 


gw*i 


Fig,  89.— Molebworth*8^Trap,     B,  House  pipe,    a, 


outside   the   hcase;  to 
drain  on  th*?  side  of  thi 
distant  from  the  hoimviiJ 
up  a  4-inch  pip  to  la 
as  can  be  managed. 
In  Mttnsergh*8  ** 
there  is  a  mnall  trap 
the  house  pipe,  and  a  te^ 
nected  with  the  diai 


Grating  to  receive  o%'ertlow  of  nun-pipe,  and  to  i_»  i     • 

allow  efllux  of  gat»  if  the  water-trap  is  fortsed.  to  Whlch  13  a  ventil. 
c.  Drain.  inches  diajneter,  nu 

top  of  the  house.  Between  the  house  pipe  and  ^he  drain  pipe  h  ilh- 
trap,  Humiuunt^d  by  a  gniting  to  the  oj>en  air.  Another  plan  ift,V»^ 
Bjphon  oi'  midfeather-trap,  with  a  grating  over  the  water  in  the  tw^< 
nearest  the  house.  The  rain-water  pipes,  and  the  pipes  carrying  xsmPj'^ 
washing  or  bath- water,  cau  open  over  this  grating.  If  the  aewei  ait»* 
back,  it  win  lim  thrtrugh  the  grating  in  all  probability,  or  if  drawn  into  ikftii 
will  he  much  diluted.  One  advantage  of  this  plan  is,  if  the  trap  g«ti4 
clogged,  and  foul  air  passes  through  the  grating,  it  is  soon  detected,  i 
trap  is  examined.  Professor  Eeynolda*  has  suggested  an  azrang^imetitl 
seems  very  good  and  simple. 

A  man-hole  is  snnk  about  two  feet  square^  to  the  outside  drain,  u| 
open  cemented  trough  is  formed  of  the  same  width  as  the  drain ;  tk  | 
pipe  on  one  side  and  the  drain  on  the  othvr  are  connected  with  th^  f 
hut  are  depressed  so  tliat  the  water  etanils  in  the  trough  hnlf -an-incl)  I 
on  the  sewer  side,  and  one  inch  above  the  month  of  fiie  pipe  on  tfaul 
side.     There  is,  in  fact,  a  double  midfeather  water-trap,  so  to  spoik,  i 


Fig  90— Eeynnlda'a  Man-liole  and  Trough,  jmd  Ilaia-^pout  opetung  oT«r  t^OM 

opening  over  the  water  between  the  two,  which  will  allow  gas  to  o 
forces  its  way  from  the  sewer. 

ProfeBsoT  EejTialds  C4>naidere  that  if  this  arrangement  is  udopted  vi 
traps  will  be  necessary,  and  aU  the  house  pipes  may  be  left  tmtivpMd^ 
the  closet  pipe. 

A  nun- water  pipe  may  open  above  the  open  peat  ol  the  tioQgll  1 
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Fig.  91.— Sirphoti 
ventilated  in  the 
Middle. 


i-jr  any  scum  "wMch  may  collect  in  the  trough.     The  plan  may  be  earned 
^nore  simply  hy  inserting  a  pipe  in  the  centie  of  a  syphon,  and  carrying 
l>ipe  to  the  surface,  or  higher  if  considered  dealmble. 
Are  variotis  similar  arm u^e mentis.     The   **  Somerset 
Ht     Trap,"   designed   hy   ^Ir   Honeyman,    and    much 
*tt  IJkiigow,  IB  a  niidfeather  trap  with  an  air-shaft  on 
«i«Xe  the  jmrtition  ;  on  one  side  the  shaft  ventilates  the 
l€*.a,cling  ti :>  the  st^wer ;  on  the  other,  allows  fresh  ail'  to 
5  Jato  the  house  j>ipe*    This  sectmd  shaft  also  allows  the  trap  to  he  cleaned.* 
I  7r**^i^-'wat^r  jiipes  are  soraotiraea  used  to  ventilat<?  drains,  but  indejiendeiit 
icx^ijj.   small  aiise,  which  often  leads  t^  blockage,  they  are  often  full  of  rain, 
^^   *^^^^-iaaiot  act  at  the  time  when  Yentilation  is  most  reqim-ed. 


»3.— Cottaiu'a 
uvium  Trap. 


Fig.  U5.  -Halbard',1 
Galley  Trap,  with 
3  Water- valves 


Fie.  94,— Doultoii'a 
Vfilve  aod  Flap 
Hoiul  Qully. 

In  yai^is,  gidly  traps  of  diffen^nt  kinds  are  used,  the  action  of  whicli  will 
I  at  once  undeistomi  from  the  drawings. 

Examinution  of  Hfnim  Pipes  and  Trap$. 

Pipes  and  tnipfi  ar3  generally  so  covered  in  that  they  cannot  be  inspected ; 

but  this  is  a  bud  arrangement.     If  possible,  all  cover  and  skirting  boania 

>nceaLiBg  them  should  be  removed,  anrl  the  pipe  and  trap  underground  laid 

and  every  joint  and  bend  bxiked  to.     But  suppwsing  tins  ciinnot  be 

loiie^  and  that  we  must  examine  as  well  as  we  can  in  the  dark,  so  to  si>eak, 

following  is  the  beet  course.     Let  water  nin  down  the  pipe,  and  see  if 

is  any  smell ;  if  so,  the  pipe  is  full  of  foul  air  and  want^  ventilation,  or 

tie  trap  is  bad.     If  a  lightsd  ciindle,  or  a  bit  of  smouldering  brtjwn  paper,  is 

Id  over  the  entrance  of  the  f>ipe  or  the  grating  over  a  tmp,  a  reliux  of  air 

ay  be  found  with  or  without  water  being  ponred  down.     It  should  be 

jticed,  also,  whether  the  water  runs  away  at  once^  or  if  there  is  any  check. 

ia  all  that  can  be  done  inside  the  house ;  but  thongh  the  pipe  cannot  be 

torbeil  inside,  it  may  be  poesible  to  o^>en  the  earth  outside,  and  to  get 

to  and  open  a  drain  ;   in  that  ciise^  pour  water  mixed  vriih  lime  down 

boiiRi?  pipe  ;  if  the  whitened  water  is  long  in  appearance,  and  then  runs  in 

,  dribble  merely,  the  drains  want  flushing  ;  if  it  is  much  coloured  and  nuxed 

ith  dirt,  it  shows  the  pij>ea  and  trap  are  foul,  or  there  is  a  sinking  or 

jiTession  in  some  part  of  the  drain  where  the  water  is  lodging.     The  pipe 

bould  then  be  flushed  by  pouring  do^vn  a  paUfid  of  lime  and  water  till  the 

limewater  flows  ofl"  nearly  clear. 

•  The  fnmiB  af  traps  lately  intToducBd  are  very  numerous,  some  flppareiitly  very  good,  auch 
I  Pott**  Edinburgh  Vm-p  and  Banrier^a  Trap  ;  others  would  prottably 


k  would  be  really  usel«fl«. 
D*i  works. 


'P*5"         .  .    „         , 

be  fairly  effident,  whilst 
DrawiugB  ofmmy  will  b&  found  in  Air  EAsaiu^a  and  &lr  Bailey 


J 
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Yard-trapa  are  ofteB  very  fool^  and  if  the  trap-Mrater  be  ertured,  piB 
it,  which  is  a  sign  of  great  f  ouliieas,  or  that  tho  traps  are  seldom  iw 

Main  Setttrs. 


Tie.  9e.- 

Ihnln 


and  Subsoil  Pipe. 


hat  c^M 


The  outside  house  drain  ends  in  a  channel  which  Im  oommon  to  mnd 
drains,  and  which  is  of  larger  size.  These  lai^ger  sewere  are  madfi  &!Qm  4 
round  glazed  earthenware  pipes  fmia  1$  to  !4 
inches  diameter,  or  of  weD-bumt  imponioQi  hid 
moidded  in  proper  curved  shape  mod  m  k 
Portland  cement,  or  stoneware  bricks  «»  ftt^lf 
used,  Th«3  shape  now  almost  universally 
except  in  the  largest  ontfall  part,  is  ili^ 
egg  with  the  small  end  downwards, 
ttike  the  greatest  i^are  with  these  brick 
they  are  moet  solidly  put  together  in  all  part.^,  and  are  bedded  on  a  firm  Bft* 
yielding  bed.  Much  discussion  has  taken  place  ad  to  their  size,  and  tbi 
general  opinion  of  engineers  appears  to  be,  that  a  street  or  main  dmin  akuftM 
be  large  enough  to  allow  a  man  to  creep  through,  but  that  all  other  •*•« 
should  be  smaller,  and  with  auch  a  fall  aa  to  be  sell-cleanaing. 

Sewers  should  be  laid  iu  as  straight  lines  as  possible,  with  a  regular  M ; 
tributary  sewers  sliould  not  enter  at  right  angles,  but  obliquely  ;  and  if  t^ 
sewer  curve4S,  the  mdius  of  the  curve  should  not  belesii  than  10  iimm  thr 
cross  sectional  diameter  of  the  sewer.  Sometimes  there  is  an  arrangc!mtfjit  ht 
subsoil  drainage  under  a  pipe  dmin,  as  in  the  plan  proposed  by  !Mt  Bntoh, 
The  ftdl  for  street  drains  is  usually  from  1  in  244  U^  I  in  784,  accoTriii]^'  k 
the  size  of  the  drain.  The  flow  through  a  sewer  should  in  no  caj?e  be  k^  iian 
2  feet  per  second,  and  3  is  better,  M  in  the  house  drain,  the  fall  shotdd  b*^ 
ecjuable  without  sudden  changes  of  level.* 

Acr,em  to  Setcers, 

It  18  of  importance  that  to  all  sewers  capable  of  being  entered  by  a  i 
there  should  be  an  easy  mode  of  access.     Man-holes  opening  above,  or,  wh 
is  better,  at  the  side,  should  be  provided  at  such  frequent  intervals,  thai  t 
©ewers  can  be  entered  e^isily  and  inspected  at  all  points.     The  mandmltv  I 
sometimes  provided  with  an  iron  shutter  to  prevent  the  sewex  air  paesiiig  i 
the  street,  or  by  the  side  of  the  man-hole  there  may  be  a  Yontilatifig  ( ' 
-with  trays  of  chaicoaLt 


Severffld  formulfe 
simple  : — 


Ctdcidatkm  of  DMmrge  from  Settertf.X 
have  been  given,  of  which  the  foUowiiig  is  the 


Y  =  55x(  VDx2F)xA- 

Y  =  velocity  in  cubic  feet  per  minute. 
J)  ^  hydraulic  memi  depth, 
F  =  fflJl  in  feet  per  mile, 
A  =  section  area  of  ciurent  of  fluid. 

To  use  this  formula,  the  hydraulic  mean  depth  when  the  sewage  i 

^  *  In  some  cft«es  a  fall  \n  olmmt  impeoflilile  to  obt«m«  om,  for  mutAQce,  tk%  Sooikpoiltta] 
caahire,  vTiere  tbe  ffrourid  h  nearly  a  deini  kvd.     Tlie  f&ll  tlit^re  U  tshonX  I  in  flaOQ^  islij 
axoeeda  1  m  30O0.     In  sueb  a  ^mn^  the  drain  woulrl  have  to  be  cleancHl  cither  hy  I 
(floshing-igrateB)  to  retain  a  portion  of  tli«  vontutiU  for  a  titutt,  and  tb«Q  Mt  T^  — 
in  order  to  HuaIi  the  next  Mctioti, 

t  Mr  fialdwin  Latham  joiiu  the  aewari  in  man-holea,  lo  tliat  if  cvoo  ia 
1m  iiaed ;  the  outlet  being  at  the  lower  level. 

X  The  foUowing  table/ taken  from  Mr  Wicksteed,  will  h«  found  tueful 
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amount  of  fall  in  feet   per  mile,  must  be  first  aacertainecl.     llie 
liilic  mean  depth  id  Jtb  the  diameter  if  the  }npe  k  running  full  ;   if  the 
B  is  nut  full,  it  la  the  section  area  of  current  of  fluid  divided  by  the  wetted 
Inieter.     The  wetted  perimeter  is  that  part  of  the  circle  of  the  pipe  wetted 
fluid-     The  fall  in  feet  p©r  mile  is  easily  obtained,  aa  the  fall  in  50  or 
200  feet  can  l>e  meaaured,  and  the  fall  per  mile  calcidated  (5280  feet 
le)*     Having  got  these  uumljers,  midtiply  the  hydraulic  mean  dejith 
ice  the  fall  in  feet  per  mile,  and    take  out  the  square  rctot.     Multiply 
by  55,  and  the  result  by  the  section  area.     The  aomber  obt^ned  givee 
yuni  in  cubic  feet  per  minuta 

Movement  of  Air  in  the  Sewen  and  Ventilation* 

seems  certain  that  no  brick  aewer  can  be  made  air-tight  ;  for  on  accomit 
^e  numerous  openings  into  houseB,  or  from  leakage  tlirough  brickwork^  or 
fcthiou^^h  gmtings,  man-hole^^i^  and  ventilating  fihafts,  the  air  of  the  tuliea 
B  constant  connection  ^vith  the  external  air.  There  is  generally,  it  is 
Hred,  a  cnrrent  of  air  with  the  stream  of  water  if  it  be  rapid,  Tlie  tension 
Pfr  io  main  iwwera  l^  aeldom  very  ditterent  from  that  of  the  atumspbere,  or 
Jiere  be  much  difference  eiinOibrium  is  quickly  restored.  In  twenty-three 
jpvationii  on  the  air  of  a  Liverpool  sewer,  it  was  found  by  Dr  Burdon- 
Hferaon  and  my8elf,t  that  in  fifteen  cases  the  tension  was  leas  in  the  eewer 
m  in  the  atm<>s]*here  outride  (/,e.,  the  outside  air  had  a  k^ndeut:y  to  pass 
\^  and  iti  eight  ciises  the  reverse ;  but  on  the  average  of  the  whole,  there  was 
ili^ht  imlraught  into  the  sewer.  In  the  Lonilon  aeweis,  on  the  other  hand, 
noenon  noticed  an  excess  of  pressure  in  the  sewers. 

if  at  any  time  there  ui  a  very  rapid  flow  of  water  into  a  sewer,  as  in  heavy 
the  air  in  the  sewer  must  be  displaced  with  gi-eat  force,  and  possibly 


Dtaoieter. 


Velocity 
in  feet  per 
mtmito. 
240 
220 
220 
220 
210 
180 
IBO 
180 
ISO 
ISO 
180 
180 


3d 

65 

87 

98 

119 

244 

21H 

S4S 

892 

490 

588 

784 


J  (Ijectunni  on  Sanitary  EngJneeriRg,  delivered  to  tb«  Koyat  Engin<«i^  at  Cbathim) 
rv^  ft  tubk,  of  which  Llie  following  la  va  extmct :— 


I 


Dtmelvrli] 

lEWtlW. 

RjiirA  of  IndliiiiHuii  for  velocity  per  Meond, 

SfraL 

8re«L 

itetH, 

6  feet. 

fifccft 

4 

1:194 

1:&2 

1:5S 

1:34 

li24 

ff 

2S»2 

137 

80 

51 

3<J        ' 

8 

3S9 

lb3 

106 

69 

48 

9 

437 

206 

119 

77 

54 

10 

486 

2"^ 

133 

86 

60 

12 

583 

275 

159 

103 

72 

tlii«  t&ble  the  velocity  in  feet  miiltiplled  Ity  the  iuclinntion  er|ualH  the  lerif^h  of  the 

For  exanijilu,  if  the  %'elooity  i«  6  feet  p*r  secoud  in  a 


■r,to  wbicb  tbe  cAlctdatlon  applies. 

P  whoee  diaiDeter  ii  4  i»ohe«,  then  6  x  24  =  144'feet  la  thfi  length  of  the  sewtn 

*  For  comiHJiiition  of  Keiwage  air,  see  p,  108; 

f  he^ott  en  the  Sanitary  Conditioii  of  Uveii>ool,  1870,  p*  27, 
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r  spptBCUH^^I 


may  force  weak  traps ;  but  the  pressure  of  air  in  the  Bewers  bnoi  i 
atJected  by  the  ri&e  of  the  tide  in  thec^e  of  fleaboard  towns.*  The  tidei 
alowly,  and  the  air  is  displaced  so  eiiuably  and  gradually  through  this  nnin^ 
rouB  apertures,  that  no  nioYement  can  be  detected.  It  is  not  poasil>le,  U»»- 
for©,  that  it  can  force  water-tmps  in  good  opd^. 

On  the  contrary,  the  blowing  oil"  of  steam,  or  the  <iischarge  of  air  from  n 
air-pump  (ns  in  some  tra«ie  oi>ertitiom)»  grt^atly  heightens  the  presstir^  tai 
mif^ht  drive  air  into  houses.  So  also  the  wind  blowing  on  tba  moutb  of  ill 
open  sewer  must  force  the  air  back  with  great  force. 

It  is,  therefore,  important  to  protect  the  outfall  mouth  of  the  sewer  sgunii 
wind  by  means  of  a  Map,  and  to  prohibit  iiitcaHi  or  air  being  forc-ed  into  i 

To  how  grc^it  an  extent  it  ia  the  openings  into  hi»ueea  which  thus  ndfl 
the  tension  of  the  air  in  main  sewen?  is  difticult  to  say,  but  there  can  be  P' 
doubt  that  a  largo  eftect  k  produced  by  houses  which  thus  act  od  fe 
shafts. 

When  a  sewer  euda  in  a  cul  de  sac  fd  ik  high-level  sewer,  gas  will  ost  tad 
press  with  some  force  ;  at  least  in  one  or  two  cases,  the  opening  of  ducL  &  ^l' 
fir  mc  has  been  followed  by  so  strong  a  rush  of  air  as  to  show  that  then?  had 
been  considerable  tension.  It  is  abo  liighly  probable,  from  the  way  in  whici 
houses  standing  at  the  more  elevated  parts  of  sewers,  and  communicaLijig  with 
them,  are  annoyed  by  the  constant  entrance  of  sewer  air,  while  housM  lowr 
down  escape,  that  mmQ  of  the  gasee  may  rise  to  the  higher  levels. 

That  no  sewer  is  air-tight  ia  certain,  but  the  openings  through  whic^h  iW 
air  escapes  are  often  those  we  should  least  desire.  It  is  therefore  ahsolnteijg 
necessary  to  provide  means  of  exit  of  foul  and  entranct^  of  fresh  air,  and 
to  rely  on  accidental  openings.  The  air  of  the  sewer  should  be  phioed  in  * 
most  constant  connection  with  the  externa!  air,  by  making  openings  at  < 
point  where  they  c^n  be  put  with  safety.  In  London  there  are  nn 
gratings  which  open  directly  into  the  strt^ets,  and  this  plan,  eiin^  i 
a|ipai\_mtly  rude  tm  it  iS|  can  be  adopted  with  advantage  whenevar  the  ( 
ai-e  not  too  iiariow.  But  in  narrow  stDeets  the  sewer  gratings  often  becoDsaii 
ofrenaive  tluit  the  inliabitauts  stop  them  up.  Iii  such  casus,  the  ontpoifliag 
sewer  air  must  be  deodorised  with  charcoal,  or  there  must  be  ventilating  abitt 
of  as  laige  a  diametef  as  can  be  aflbrded,  and  nmning  up  suificientl j  l^gb  t0 
safely  discharge  the  sewer  air.f  In  some  of  these  cases  it  may  he  posaibJelD 
connect  the  sewera  with  factory  chimneys.  J  The  sewer  should  never  \»  coa* 
nected  with  the  chimneys  of  dwelling-housea 

la  making  opienings  lq  sewers  it  seems  useless  to  follow  any  r^^ukr  p]i& 
The  movemeot  of  the  sewer  air  is  too  irn,^gular  to  all<iw  ns  to  suppose  il  Ctt 
ever  Ix*  got  to  move  in  a  single  direction,  though  pKd>ahly  the  most  qsqiI 
course  of  the  air  current  is  with  the  stream  of  water,  if  this  be  rapid*  V» 
ot>enings  should  be  plac^sd  wherever  it  can  conveniently  be  done  without  ctwi- 
ing  a  nidsance.  8ome  of  these  openings  will  he  inlets,  others  outlets,  but  in 
any  case  dilution  of  the  sewage  effluvia  is  siirc  to  be  obtained.  Mr  Hawlinsoii 
considers  that  every  main  sewer  should  have  one  ventilator  every  100  y&t^ 
or  18  to  a  mUe,  and  this  should  be  a  large  elective  opening.g 

*  Vida  tame  Report,  p.  21,  for  the  g«m  of  Liverpool  Dr  CoHleld's  obserraiioa  it  Sa^ 
borough  waa  confirmatory. 

t  In  Liverpool  tberu  are  amall  shafts  with  ArchimedMn  ■givwb  at  the  top.  From  t^  olflS^ 
vationH  of  Bnndereon  and  myself,  it  appears  that  tbeae  acrewv  do  act,  but  not  to  tm^  m 
extent  aa  to  warrant  the  etpensc, 

^  It  iieem»  iundvjsablo  to  erect  chimueyn  and  ug^  flrei  wiili  an  idea  of  T^vDUlating  Iki 
iQwera  on  a  general  pkn,  the  air  would  mnply  l>e  drawn  with  great  force  through  tlie  nmet^ 
openinga.  But  local  ventilation  by  a  factory  chinmeyi  when  gratings  cuuiol  be  iia*itk* 
dlflvrent  thing. 

I  Othors  bare  recommended  one  in  50  yanU. 
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Fip.  97.— CTiarcoal  Tniys, 
S*!wer  Outlet  Pipes. 


But  theje  roaj  be  cases  when  apecial  appliancea  must  be  iised.  For  ex- 
ample^ in  what  are  called  **  s<iw<?r8  of  iloiwsit,"  as  wbeo  tbe  outilow  of  tbe 
sewer  water  ia  checked  for  several  houra  daily  hj  the  tide  or  utbbr  causes,  it 
may  be  necessary  to  provide  special  shafts,  and  the 
ittdicmtion  for  tlus  will  1^  the  evidencse  of  constant 
eonape  of  eewer-<dr  at  particular  ix>intfi, 

Chareonl  Trat/ti, — The  use  uf  charcoal  traps  (as  re- 
ftimmended  by  Stenhouso)  in  such  ahaftei  or  at  tbe 
side  of  gratings,  is  becoming  very  common.  The 
ehanxml  should  be  in  pieces  about  the  size  of  a  small 
bean,  and  should  be  in  two  or  three  strata  of  fr<jm  2  to 
^  inchas  each  in  ibickm^ss.  It  should  be  protected 
ftom  wet,  and  will  then  act  for  years.  If  too  thickly 
Itid,  or  if  preasetl  together,  the  charcotil  may  impede 
the  movement  of  the  air. 

In  tbe  city  of  London,  tbe  boxes  used  by  Mr  Heywood  are  of  iron,  18 
snehes  deep  and  14  inches  wide,  and  containing  six  trays,  each  containing 
elwrooal  pieces  as  lai^e  as  filberts,  2  inches  deep.  The  sewer  gtis  must  jvoss 
iluoqgii  the  charcoal  and  not  over  it ;  the  air,  idter  passing  through  tbe  char- 
eottl^  iJi  inodorous ;  the  charcoal  alisorbs  gases  and  oiganic  matter,  which  it 
oxidiiee  into  nitric  acid  ;  it  also  absorbs  a  good  deal  of  water^  but  this  docs 
BDl  uop^i^  its  power*^ 

Mr  oildwin  Latham  has  invented  a  very  excellent  plan*     The  charcoal  is 

a  spiral  tmy,  and  speciid  arrangements  are  made  to  pitavent  the  charcoal 

Uiag  vet|  and  receiving  dirt  from  the  streets. 

Impeciion  of  Sewers. 

The  inspection  of  sewers  is  in  many  towns  a  matter  of  great  difficulty,  on 
•oeoont  of  the  means  of  access  being  insufficient,  and  also  btM^^use  the  length 
of  the  sewers  is  so  great  Still  inspection  is  a  necessity,  ejspecially  in  the  old 
flal  tewers,  and  should  be  systematically  carried  out,  and  a  rwortl  kept  of  the 
d^plh  of  water,  the  amount  of  deposit^  and  of  aewer^me  on  tbi5  side  or  roof. 
7  of  and  Deposits  in  Sewers.— Cmims^Oiri^TLal  l>ad  conHtraetion ;  too 
i  I  ,   sharp  curves  ;  sinking  of  floor  ;  want  of  water  ;  check  of  flow  by 

tideB,  so  that  the  heavy  parts  au1>side. 

Well' made  sewers  with  a  gocd  supply  of  water  are  sometimes  self -cleansing 
and  quite  free  from  deposit,  but  this  is,  unfortunately,  not  always  tbe  case. 

Even  in  so-called  self-cleansing  sewers,  it  baa  been  noticed  by  Mr  Rawlineon 
that  the  changing  level  of  the  water  in  tbe  sewers  leaves  a  deposit  on  the 
eidea,  winch,  being  alternately  wet  and  dry,  soon  putrifies.  In  foul  sewers  a 
qtianlity  of  slimy  matter  collects  on  tbe  cro\ra  of  tbe  sewers  ;  it  is  sometimes 
2  to  4  inches  in  thickness,  and  is  highly  oiePBive,  When  obtained  ^m  a 
Liverpool  sewer  by  I)r  Burdon-Sanderson  and  myself,  we  found  it  alkaline 
from  ammonia  and  containing  nitrates. f  On  misroscopic  examination,  this 
Liverpool  aewer-filime  contained  an  immense  amount  of  fungoid  growth  and 


Mlltef,  Cbam,  N«w!i,   Manh  1898.      An  Able  writer  bi  ttie  Ltneet,   Hay  1872,  sUttiS 

k  Ibr  «VMy  tqcixrv  inch  of  larface  outlet  there  should  b«  50  squiue  in^hea  of  charcoAl  trays. 

ant  expcmnca  ha«  rather  dUcrediied  the  uw  of  charcoal  trayi ;  th«  charco&l  requires  to 

hm  ft«|Mnt1y  ehanged  and  often  gets  dogged  with  dust,  to  aa  to  act  a«  an  ohatruction.    See 


ItallCT  Oefitoii't  Samtaiy  £D|iiieeriii^,^^p7  213,^  2H.^ 


L  on  tha  Sanitary  State  of  Liverpool  by  Drs  Parkes  and  Burdon-Sandenoa,  1871. 
Th«  anDOUQl  of  fr««  ammonia  was  '025  parUi  per  cent. ;  the  albumiaoid  ammonia  waa  '00462, 
mad  tlia  nitTic  acid  -2035  parta  per  cent  Photographs  are  given  of  tlie  microBcopio  appearancea 
of  tb*  aliiM  \A  thia  report. 


'378 


REMOVAL  OF  EXCRETA. 


Bacteria,  as  well  as  mme  conferva.     There  were  also  acan  and 
other  animals  and  ova. 

When  deposits  occur,  they  are  either  removed  by  the  sewei-meo,  a 
are  cairieil  away  by  flushing  of  water. 

Flushing  of  S*.ncer». — This  is  aomotimeg  done   by  simplT  cairying  i 
from  the  nearest  hydrant  into  the  sewer,  or  reservoirs  are  provided  irit 
pointfi  wMeh  are  suddenly  emptied.     The  aewer  water  itself  is  used  for 
ing,  being  danKued  up  at  one  point  by  a  flushing-gate,  ajid  when  a 
quantity  has  collected  the   gate  is  opened,*     Some    towna  (s 
adopting  stdf-acting  timiblera  for  water-closets,   i.e,^   water-troogba 
on  an  eccentric  axis  and  recMsiving  water  at  a  regulated  rate  imtil  tbe 
is  tiUed  ttj  a  certain  point ;    it  then  turns  over,  so  that  the  roTitarti 
snddeidy  into  the  eloaet.     It  then  rij^hts  itself,  and  the  wal 
the  proper  point  again.     A  plan  of  tliia  kind  is  equally  aj'i  '•> 

Almost  all  engineers  attach  great  inip^rtanee  to   ivguJar  Utiftbii^^ 
advantage  of  allowing  the  rain  to  enter  the  sewers  is  the  ocouriogeflictlf) 
heavy  rtdiifall  which  is  thus  obtained. 

DliSPOSAL  OF  THE  SeWEK  WATim. 

The  great  engineering  skill  now  a\^ailable  in  all  Eurnpean 
ensure  in  the  ca»e  of  any  new  works  tbit  the  construction  of  sew^^osMl^ 
pt^rfcct     If  an  engineer  can  obtain  good  materiids,  goc»d  workionid 
proper  supply  of  water,  there  is  no  doubt  that  sewers  can  be  so  aolaillj 
stnu^ted  and  so  well  ventilat-eii  that  the  danger  of  de}x>6it^  in  the 
of  sewer  air  entering  and  carrying  disease  into  houses,  is  remove<l 

But  the  dirticidty  of  the  plan  of  rcinoving  excreta  by  water  K>ally  comnit»« 
at  tbi?  outfall.     How  is  the  sewer  water  to  \m  disposed  of  % 

This  ditBculty  is  felt  in  the  case  of  the  foid  water  flowing  from  henam  wi 
factories  without  a^Iniixture  of  e^ccreta  almost  as  much  as  in  sewer  valiv  vii 
excrettu     The  exclusion  of  excreta  from  sewers,  as  far  as   it 
would  not  solve  the  jin>blom — woidd,  indeed,  hanlly  lessen  it* 
fteaboaid  towns  the  water  may  flow  into  the  sea,  but  in  inland  l^^ 
be  diflcharged  into  rivers,  being  now  prohibited  by  law.      Indey-  n  i  i ' 
contamination  of  the  tlrinking  water,  the  sewer  water  often  kilk  tiiii,  ci?*p 
a  nuisance  which  is  actionable,  and  in  some  cases  silts  up   the  bed  nf  ^ 
stream.     It  reipiire^  in  some  way  to  be  purified  before  di^M^hai^ 
present  moment  the  disposjil  of  the  sewer  water  is  the  sanitary  pr 
the  day,  and  it  is  impossible  to  be  c<3rtain  which  of  the  many  plaos  ib«^  h 
finally  ailopted.     It  wiU  be  convenient  to  briefly  describe  these  plana. 

1.  Storage  in  Tank,  mth  Overj/ftjie. 

Us  eewer  water  nins  into  a  cemented  tank  with  an  overflow-pip,  »fe*i 
sometimes  leads  iutn  a  second  tank  simibirly  arranged,  the  solids  su>'^^  h  ^' 
are  rt^move^l  from  time  to  time ;  the  li<piid  is  allowed  to  ran  away, 
of  letting  the  lit|uid  nm  into  a  dit-ch  or  strt^am,  it  has  been  suggestt^i  t-^  -^ 
it  in  drain  pipes,  J  to  1  foot  under  ground,  and  st*  let  it  edca])e  in  tlii«  •*? 
into  the  subsoil^  where  it  will  be  readily  absorbed  by  the  r^3ota  of  gnuna  6 
a  light  soil  this  could  no  doabt  be  readily  done  ;  and,  if  the  diwn  ppii^ 
well  laid  J  a  considerable  extent  of  grass  land  could  be  supplied  by  tldlii'^ 
termnean  irrigation.     The  tank  plan  is,  however,  only  adapted  for  *  ^ 

*  Baldwin  Lathnm  points  out  that  tlicre  is  a  pulut  of  Dow  in  aU  seiners  when  fbi' 
more  tliiui  when  numing  full.    A  good  fluKljing  power  miiy  be  obtAiii«d  «i  cooiiiii^*'^  ■' 
than  tilt;  riiH  dJAchojge.    Tablea  are  given  in  his  aauitAry  EDgixMf«ring, 
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such  as  a  single  bouse  or  small  vilhige,  and  there  aliould  be  ventilation 
Wt'ween  the  tank  and  the  house  in  all  cases. 

^H  2.  Discharge  at  once  into  Huumnf^  Water. 

IRill  new  works  of  this  df^scriptina  are  now  prohibited,  and  tlie  plan  will 

E"  ly  ultimfttely  cease  in  this  coimtry.* 
3.    Discharge  into  the  Sea, 
outlet  pij:>e  must  b«  carried  t-o  low  water,  and^  if  possible,  sboultl  }>e 
under  water.     A  tide  tiajj  oiituiiug  outwards  is  usually  provideti     If 
der  water  coiistjmtly,  aptjcial  care  must  be  takf*n  to  prevent  the  wind 
g  up  the  sewers.     The   tide  will  fill  the  outfall  sewers   (which  ju'e 
generally  made  large)  to  the  lev^f^l  of  high  wat^?^J  aud  tu  that  extent  will 
check  the  discharge,  and  in  the  sewers  tilled  with  the  mixed  sea  water  and 
Bewage  there  will  be  dep^mit.     To  remove  this  special  attention  is  nee-esmiry. 
I       If  the  sewage  cannot  be  got  well   out  to  B(>a,  and  if  it  ksues  in  narrow 
ehaimela,  it  may  cause  a  miisance,  and  may  require  to  be  pun  tied  Ix^fore  dis- 
dlArge.     In  the  Rivers  Pollutions  Act  (1876)  power  is  given  t^i  prtjhibit  dis- 
\  into  the  sea  or  tidal  waters  under  certain  ciicumstauces^f 


Hrhe 


4,  Precipitaiitm. 

Another  plan  ia  not  to  pour  the  whole  sewage  into  rivers,  but  to  precijjitate 
the  sobd  part,  or  the  greater  portion  of  it,  and  then  to  allow  tbti  liquid  to 
pass  into  the  stn^am  or  over  the  land. 

lliis  is  sometimes  done  by  simple  subsidence,  the  sewage  being  received 

into  8t?ttHng  resc^rvoii's  or  trencheai,  with  atrainers  to  arrest  the  How  to  some 

extent.     When  the  solid  matter  him  coDected  to  a  cert<aiu  amomit,  the  sewage 

IB  tiimed  into  another  reservob*,  and  the  thick  part,  being  mixed  with  coal 

or  street  sweepings,  is  sold  as  manure, 

be  thin  water  wbicb  runs  oti*  must  be  almost  as  dangerous  as  the  sewage 

"  when  poured  int-o  streama,  and  consequently  the  prohibition  k>  dif^K'harge 

fewer  water  extendi  to  it  also. 

^^Iii  order  to  produce  greater  purification,  the  sewage  in  the  subsiding  tanks 

•  When  Mwor  water  paMes  into  a  river  it  ntidergoea  conside^raljle  fjurifioatinn  by  flubsi'lvnc^p 
tiY  tbe  induenoe  of  water  pliLhU,  and  in  a  hsser  degree  bjr  nxidation.  AUhoiigh  f^onw  oxidation 
ol  uttrogmotu  organic  matterft  into  nitniu.'i  ami  nitric  acids  and  amtriynia  must  take  placu,  it 
ippcan  from  Franklin 'm  experimentftt*  tlmt  in  the  river  Irwell,  whith  receives  the  sewago  of 
llaiicbestAr,  after  a  run  of  11  miles,  ajid  lallingover  aix  weirs,  there  ia  no  formation  of  aitritea 
•ad  Ditrateii,,  and  there  iH  even  an  Incrt'OitL'  in  the  organic  nitrogrn  {?),  tlLough  the  Auspcmled 
mntters  are  less  (from  2'8  to  lAi  parts  per  lO.CMX))  tlmn  at  firiit,  Avemgp  Ijondon  s«w*g« 
dilated  nith  9  parta  of  water  and  ayphoued  from  one  vetutel  into  another  so  &»  to  repneaetit  a 
ttow  of  96  and  192  milea,  f^ve  a  percentage  reduction  in  the  organic  nitrogen  of  2^  4  and  S3.3 
'  ivcpectively.  The  oxidation  of  sewage  appears,  then,  from  tht«e  experiment*,  to  take  place 
tfowl^r.  I>r  Lelheby  conaidersi  however,  that  oxidation  takes  place  more  rapidly^  and  that  if 
mtWBgi^  18  mixed  with  20  timeii  ita  bulk  of  water,  and  tlow»  tor  9  mika,  it  will  lie  perfectly 
ftFldiaed.j'  Of  course,  it  ia  clear  that  ova,  and  solid  parta  of  tha  body,  like,  epithelium,  might 
im  totally  unchanged  for  long  perioda,:^  ^^*^  ^^  ^<iy  conclude  that  oxidation  of  eewage  in 
.VHU^ag  water  cannot  he  depended  on  for  jh  rfect  safety. 

^  The  word  "  srtream  ^  outo  whidi  aewage  is  not  to  he  jKUKsed)  h  defined  hy  aectioii  20  of 
file  Act,  tbut : — *' Stream  includes  the  sea  to  such  extent  and  tidal  waters  to  anch  pomi,  is 
may,  after  local  inquiry  and  on  sanitary  gronnda,  be  determined  hy  the  Local  Oorentmeut 
Board,  by  order  publiithed  in  the  London  Gaiette.  Save  aa  aforesaid,  it  indudf^  rivers, 
•treama,  cansk,  lakea,  watei-eoursea,  other  tlian  waterconraea,  at  the  paaaing  of  thia  Act, 
mainlr  naed  aa  aew«r%  and  eiu|}tving  directly  into  the  aea  or  tidal  waters,  which  hare  not 
htmi  aetemiiiied  to  be  stnamt  wiiain  the  meaaiag  of  thia  Act  by  anch  order  aa  aforeaaid." 

•  Riepnrtt  of  the  C/nrnnlJulOTiRn  n]:ipnintL-^1  to  Inqtihe  Into  tlm  Polliitl^vn  of  Rivera^  t87t>,  t»1».L  \L  and  IH, 

f  Heport  otVjuit  London  Wat^r  BUI  CotJinilitot*  (l6<iT).  p.  WO,  question  7a'2-4. 

1  Ab  formerlj  TnentloDe<t,  J  have  fouml  unctiAngrd  eplthelltim  in  unflltered  Thame*  water  after  a  trantlt 
bi  a  bamrl  of  SO  mttea,  and  afUr  keeping  for  ire  montht.  It  wu  ver/  tranapaKut  and  warn,  hul  qolte 
recAgnlMb)«. 
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is  now  ufiuaUy  mixed  with  some  chemical  agency  which  may  proctpitj 

suspended  matters, 

iriimerous  substances  have  been  employed  as  precipitants.* 

Lirtw  )S^(/^^.— Quii'klime  (proportion  8  to  12  grains  per  gallon),  or 
limo  for  600  gallctns  uf  se-wage  (iiearl}') ;  chloride  of  lirae  which  is  a<i 
quicklime  in  the  pro  jwrtion  of  about  j^th  part  of  chloride  to  1  of  lime;  gaIqc 
Iihosphate  dissolved  in  fciulphuric  acid,  or  a  mixture  of  mono-  and  di-^tkic 
phospliate  with  a  little  hmc  (Whitthr^'s  patent),t  are  said  to  be  goodpiv- 
cipitant«,     CliluridB  of  ualeium  has  been  also  recommended. 

Alhanmwus  Suhnfattreif, — Aluminous  earth  mixed  mth  sulphuric  acid  ( 
process)  ;  impurti  sulphate  of  ahi minium  (Anderson's  and  Link's 
refuse  of  alum  works,  either  alone  or  mixed  with  lime  or  charcoal ;  clay  i 
\Wth  lime  (Scott's  cement  process)  ;  natural  pho8]>hate  of  aluminium  dissoli 
by  aulphuric  acid  and  mixed  mth  lime.     In  all  these  cases  the  amount  of  tif 
substance  adcled  is  from  50  to  80  gruins  per  gidlun  of  eewer  water. 

Mafjnmfm  SalU  mixed  with  lime  in  the  fonu  of  auperphoephatea  (Blrtli); 
impure  chloride  of  magneaiunL 

Oarhou  in  the  shape  of  vegetable  charcoal ;  peat ;  seaweed  charcoal ; 
bonised  tan  j  bj^oiite  ;  Boghead  coke.     On  a  small  scale  charcoal  answers  faidyf| 
and  the  residue  ia  a  valuable  manure, 

IviM  in  the  Blmpe  of  sulphate  ;  perchloride  (Ellerman^s  and  I>ale*s  lit|ia«J);l 
the  sulphate  is  sometimes  mixed  with  lime  and  coal  dust 

Ma nganese.  — ^Condy *8  il uid» 

Zinc  sulphate  and  chloride. 

The  deposit  obtained  from  any  of  these  processes  is  collected  and  dried  It 
ia  naufdly  dried  on  a  hot  floor,  a  stream  of  hot  air  being  allowed  also  to  pw 
over  it     Them  in  some  little  difticidty  in  dry^ing  it,  but  this  is  now  beiBf 
overcome.     Of  these  various  precijiitants  the  best  appotir  to  l>e  the  aluxninoM 
lireparations  ;   the  crude  sidphate  of  alumina  prepared  by  Dr  Andetscia  d 
Coventry  ;   the  solution  patented  by  ^Ir  Lenk  ;   the  A,  B,  C  process  of  Mi 
Sillar,  which  consists  of  alum,  blood,  cbm-coal,  and  clay ;  J    and  Mr  ForW 
sulphmric  acid  solution  of  natural  phosphiite  of  alumina.     All  produce  npii 
fliibaidence  of  the  suspended  matters,  and  clarify  the  hquid  to  a  very  giisat  ex- 
tent    The  sulphuric  acid  also  tends  to  prevent  decomposition  of  the  dfipcflii 
In  using  these  substances  the  sewage  water  ia  received  into  a  tank  or  weD,  tai 
there,  ctr  on  ita  way  thither,  receives  the  precipitating  agent,  which  ia  geoefftttjT 
mixed  by  me^ns  of  a  screw  or  turbine,     ^yter  thorough  mixing,  the  pitcipi- 
tat*?  is  allowed  to  subside,  and  the  superalmndant  water  is  run  off.     The  i^- 
posit  18  then  dug  out  and  drietl     After  drying  the  deposit  appears  to  -pumm 
some  agricultimil  value,S  and  to  be  sidcable  at  a  price  which,  in  some  ca»M| 
le^ives  a  small  profit.     The  profit  is  never  large,  and  in  some  insflaticses  iheit 
has  been  even  a  loss.     The   clear  w^ater  from  all  these  prooeaaea  contBOi 
ammonia  and  oxidisable  oigauic  matters,  as  well  as  phosphoric  add  (In  moit 

*  An  h)terej(ting  accautkt  of  tbe  precipitating  prooeoaes  is  given  in  a  book  cdM  Hi 
Sewnge  Question,  the  niithor  of  which  has  had  the  adviutage  of  Dr  LsUfteby^  wAm  ml 
onalyaeA.  A  Hit  of  no  less  than  67  processes  ar  proposala  ia  given  At  {i«g«  38»  tiom  whk^  II 
appears  that  the  first  prtK^ipiUut  wfu  proposed  by  DehoiMieu  so  long  ago  •»  170^  and  «■■• 
mixture  of  acetate  of  Jead  mid  proto-Aailphatc  of  iron, 

t  Thia  patf^nt  ivas  foiind  to  give  good  reaulta  in  removinf  sufloend«d  matten  And  oipBic 
nitrogen,  and  the  Cktiniciittee  of  the  Britiflh  Asaocialion  conjioered  the  protieM  drntcmH 
**  further  inveflti^tion/'    It  appeara,  however,  to  have  come  at  present  to  a  ataadatHL 

t  The  prc>portioati  are  staieu  to  he,  0  grains  of  alnm^  ^  grain  of  bloody  20  gimiiia  of  ol«7,  inA 
6  graias  of  charcoal^  to  10,000  grains  of  wswer  water.     Bometimea  a  little  lime  ia  addid. 

§  Thia  never  exceeds  one  third  of  the  theoretical  or  chemical  value.  Thus  th»  prodMlbj 
Anderjjon'fl  proceaa  at  Coventry  in  e^iliniated  Uk^ortiicaliy  at  16*,  9|tl.  per  ton  ;  tlM  jwpttfiw 

value  ia  only  fie.  6il,  to  8*,  4d.    See  Dr  Voulcker's  lieport*,  in  the  Report  of  a  '^        

Town  Sewage,  (1876),  p.  Ix.  el  stq. 
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^^b)  and  potash,  and  it  would  thus  appear  that  a  considerable  part  of  the 
^^■tenees  whicli  give  fertiliaiiig  power  to  aewfige  neinaiii  in  the  effluent  water, 
^^^^■caiifttic  lime  proeess,  when  pR>perly  appliedn,  appears  also  to  he  a  power* 
^^^^kipitant,  hut  the  dejiosit  has  no  agricultunil  value. 
^^^^B^xnetaliic  precipitanta  of  various  kinds  (iron,  zinc,  manganeae)  are  more 
^^^^plve  and  le^s  tiBefuL  Myth's  magne^ian  process  wob  unfavourably  re- 
^^^ra  on  by  Mr  Way. 

^^hrbeti  the  sewer  water  is  cleared  by  any  of  these  plans,  is  it  fit;  to  he  diB- 
^^Kgecl  into  streams  ?  In  the  opinion  of  some  authoritiee,  if  the  precipitate 
^^p  good  one  it  may  be  so,  and  it  appears  t:ertain  that  in  many  easc\s  it  is 
^^■mcally  a  tolerably  pure  water,  and  it  will  no  longer  silt  up  the  bed  or 
^^Be  a  nuisance.  But  it  still  contains  in  all  cases  some  organic  matter,  as 
^HQ.  as  ammonia,  potash,  and  pliosphoric  acid.*  It  has,  thcrcfoi'e,  fertilising 
^Brers  certainly,  and  possibly  it  lias  also  injurious  powers.  No  pr^of  of  this 
^H  been  given,  hut  also  no  dispr^iof  at  present,  and  when  we  consider  how 
HBall  the  agencies  of  the  specific  diseases  probably  are,  and  how  likely  it  is 
tliat  they  remain  suspended,  we  do  not  seem  to  be  in  a  position  to  exfn^ct  that 
^Omb  water,  after  tlie  suhsidence  of  the  deposit,  will  be  safe  to  drink.  We 
iKKOBt  adopt,  I  believe  hen^,  the  plan  which  is  thp  safest  for  the  community  ; 
QXid  the  effluent  water  should  therefore  1^  used  for  irrigation,  or  be  filt^mnl 
>*before  discharge.  The  clear  fliud  is  well  adapted  for  market  gardens  ;  the 
plants  grown  as  vegetables  for  the  table  are  6(»me times  injured  by  irrigation 

ith  unpurified  sewer  water,  hut  they  thrive  with  the  purified  effluent  water. 

|In  arranging  any  processes  for  precipitation  everything  must  be  m  simide 
sihle  ;  there  is  no  mm^n  for  expenditure  on  compHcated  arrangements. 

Sewage  CemeiiL 

of  using  the  dried  deposit  as  manure,  General  Sc^^tt  has  proposed 

cement,  and  for  this  purpose  adds  lime  and  chiy  to  the  sewer  w^ater. 

HJflit  contains  so  much  comhustihle  matter  that  it  requires  less  coal  to 

it  than  would  otherwise  be  the  case,  and  the  saving  thus  effected  enables 

i  supjxjsed)  cement  to  be  sold  at  a  remunerative  rate.     If  this  should  turn 

,  to  be  the  caae,  the  sewage  cement  process  has  the  advant4ige  of  destroying 

\  firet  everj^thing  which  might  be  injurious  in  the  deposit,  while  the  effluent 

which  contains  rather  more  than  two-thirtls  of  the  chlorine  and  thi'ce- 

ths   of  the   dissolved    nitrogen^  has  some    value  as   an   in-igator.     At 

Meaent  the  pecuniary  results  of  the  procesa  cannot  be  properly  detemiineii 

menil  8c4>tt  also  proposes  to  use  the  burnt  material  as  manure  to  lime  the 

itl  in  some  cases. 

5.  FiUration  through  Earth,  Chareo^Al,  ^e. 

5y  filtration  through  earth  is  meant  the   bringing  of  sewer  water  upon  a 

nparatively  smfill  area  of  porcms  soil,  which  is  bi*nken  up  and  cnmmiuut^^d 

and  is  deeply  undertlnum^d,  so  that  the  sewer  water  may  j>ass  through 

and  issue  by  the  drains,    Mr   Dyke,  in   expkining   the   system 

bployed  at  Merthyr-Tydvilf  by  Mr  Bailey  Dentrm,  lays  tlown  the  following 


I 


Many  uulyfieN  are  given  ia  tlie  Fii^t  and  Becond  Fteporta  of  tlia  Rivers  Pollution  CTom* 
doners,  from  vhicli  it  appears  that  on  un  nvurogt^  the  cbemicn]  prooessea  remove  89*8  p^x 
.  of  the  susi>HtidHd  inattera,  bnt  only  3ti'6  i>er  ii'nt*  of  the  organic  nitrog«n  disaolved  iu  tbc 
niil.     Mr  CrookeV  analysej  hLow  that  the  A  B  C  procea*,  when  well  carried  out,  removes  all 
^^    rtc  acid.     Vc»drk«r'ii  analyfiia  of  the  elflnent  water  treated  by  tlie  acid  phoaphat* 
ot  iitains  more  amniooia  than  the  original  jm^w^t  water,  less  organic  nitrogen  by  oae- 

bu;  -  phosphoric  acid  ;  it  ia  ptirt  enough  to  be  diacbarged  into  prtwaras. 

t  On  the  Downward  Intermittent  Filtration  of  Sewage  at  Merthyr-Tydnl,  by  T,  J.  Dyke, 
l^.lLC.a  Eug. 
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coQiiitions  ; — Tliere  should  be — 1«#,  a  porous  soil ;   2d^  an  effltieni 
ly^ss  than  6  feet  frotn  tht;  atirface  ;  3t/,  proper  fall  of  land  to  allow  th<?  ««^ 
to  spread  over  the  whole  land  ;  and  4/Aj  division  of  Altering  area  into  Um 
part^j  each  part  to  receive  sewage  for  aix  hours,  and  to  have  an   inleinlgl 
ei^bteLin   hours.     He  considers  that  an  acre  of  land  would   takis   100, 
galloTiH  per  day,  though  this  «eema  a  rather  larj^e  amount*     The  b«?st  foil 
filtnition  ap|)ears  to  be  a  loose  marl,  containing  hydrated  iron   oxidt 
ahiiiiin;!,  hut  sand  and  even  chalk  produce  exc^illent   results.      But  in 
that  titration  shall  be  socc^assfid  it  is  necessary  that  the  amount  of  filteiaf 
material  shall  he  large  ;  it  ijiuat  not  he  less  than  1  cubic  yard  for  S  gaQoitt4 
sewage  in  24  hours,  f  and  in  tho  case  of  some  8oils  muat  be  monp.     If 
drasBB  are  6  feet  below  the  surfaces,  then  an  acre  will  contain  9680  cubic 
of  filtering  material,  ami  at  8  gaUons  por  yard  an  acre  would  suffice 
gjilloni?.     Cn)pB  may  be  grown  on  the  lantl,  and  indeed  it   is  desixal 
they  flhonld  be, 

SVhen  the  filters  are  too  small,  they  fail  to  do  much  good  ;  and 
given  analyaes  which  prove  that  small  hltera  may  be  nearly 
appears  undeairable  to  use  charcoal  filters  on  this  account,  and  all  filtiila(Xi 
thi'ough  charcoal  has  been  a  failure.     Spongy  iron  has  boen   lately  tax 
strongly  i^ecommended. 

Filtration  may  he  downwards  or  upwards,  but  the  former  kind  ie  moA 
more  eihcacioua      Up  wan  1  nitration  may  be  said  to  be  now  abandoned. 

Cfm^h'tion  of  the  EjUufnt  Jl^i//rr.— -When  5-6  gallons  of  fiewago  iroi 
filkired  in  twenty -four  houra  through  a  cubic  yard  of  earth,  it  was  foufid  Inr 
the  Hivera  Pollution  Commissioners  that  the  organic  carbon  was  reduced  ftma 
4*386  parts  to  '734,  and  the  organic  nitrogen  from  2*484  parts  to  '108  ptfti 
in  100,000.  Tho  whole  of  the  sediment  was  removed-  Nitrates  and  nitrite^ 
winch  did  not  exist  before  filtration,  were  found  afterwards,  showii^  onUr 


tion. 


6.  Irrigaiwn.X 
passage  of  sewer  water  over  and 
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By  irrigation  is  meant  the  passage  of  sewer  water  over  and  throtidi 
soil,  with  the  view  of  brii>ging  it  a^  speedily  as  possible  under  the  infliii 
of  growing  plants.  For  this  purpose  it  is  desirable  that  the  sewer 
should  he  brought  to  the  land  in  as  fresh  a  state  tis  possibla  In  some 
as  at  Carlisle,  ciirhohc  acid  in  small  quantities  has  been  added  to  tbf*  mwwef. 
in  its  flow  for  the  purpose  of  preventing  decomposition,  and  the  plan  appc^n 
to  be  eflectiml.  The  sewer  wat-er  is  usually  wanner  than  the  air  at  aU  tma, 
and  vnll  often  cause  growth  even  in  winter. 

The  effect  on  growing  plants,  but  esjHJcially  on  ItaHan  lye^grass,  is  rm 
great ;  immense  crops  are  obtained,  although  occasioQally  the  grass  is  rank  anil 

*  At  Merthyr-Tydvll  20  &ci«ii  of  Uad  w«Fi  dirided  into  bedn,  which  sloped  tmnnlitfciiBBit 
dmin  by  a  full' of  I'm  150.  Tho  surfftoe  wuplooglied  in  rkieet,  oo  which  TegietAblM  w^n^ni 
the  sewage  (fltrained)  poiuied  from  a  cAirior  along  the  raiflea  margin  of  eacn  b«d  tntio  tfc*lll^ 
TOWS.  This  el!hi<!tit  wator  wua  stated  to  be  pure  enough  to  he  naed  for  drittk.  State*  ISSt 
thpi((^  flIter-bL*dj»,  as  wid]  a8  280  acrejt  iif  othur  portions  of  the  land,  have  been  uaad  m  iinlii| 
iirignttuii  ^mind.     The  effluent  water  remain*  bright  and  pure.     (Report  on  Toim  StWIgM 

t  The  Rivers  PoUutinn  ConimiRsionera  ^ivea  MmalWr  amount,  \\t.  5j  |B;aJlaiis  per  cqMv  jwl; 
but  some  of  their  experiments  iK>em  to  show  that  we  niUfst  increase  the  amount.  For  maq#% 
the  aoil  at  BerldiaRton  was  found  hy  them  to  have  a  remarkable  power  of  nitnficatiott  np  to  tW 
extent  of  7 '6  gallons  per  cubic  yard  in  twenty-foor  hours.  But  when  thia  rata  w«s  SmiMw? 
nitrification  ceased,  and  tha  soil  became  dogged.  The  best  soil  expeiimeiiitd  cn  (Dviil^ 
soil)  containing  43  of  atlica  and  18  of  oxide  of  m:>n,  purified  9*9  gallons  in  lwsB|jrs|;Bar  t 
per  ci]1>ie  yard.     But  a«  fewsoUa  would  he  so  good^  the  limit  of  8  gallona  ia  teleotBd  ia  1^ 

X  On  the  application  of  sewage  im  land  many  worka  have  been  published.     Dr  * ' 
work  on  the  Treatment  and  UtiltMatiou  of  Sewage,  2d  edition,  and  th^  Report  of  tlie  C 
of  th($  Britiiih  Assrx-iation,  187'i,  give  the  beet  sumuiary  of  the  subject.     AXw»  iiie  \ 
the  Comraittee  on  Town  Bowage,  1876, 
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^^MlMt  imiory.  For  cereals  and  roots  it  is  also  well  adapted  at  certain  poriods 
of  growth,  aa  well  as  for  market  vegetables  when  the  \iscid  jmiU  aiv  sc»j>ttrat€M:L 
When  the  sewer  water  j»e.mieates  through  thti  soil  then^  o<:cur^l>7,  a 
Biechamcal  amjst  of  suspended  matters  ;  2d,  an  oxidatkm  pn>du<!ini^  uitrilica- 
UonK,  both  of  which  results  di*j>efid  on  the  porosity  and  phynitiil  attmction  of 
tfia  Kill ;  and,  Sd^  chemical  interchanj^'es.  The  last  action  is  important,  in 
agricultvre,  and  has  been  examined  by  Bisehof,  Liebig,  Way,*  ilennelaer^ 
Warriiigtoii,t  and  othera  Hydrat^^d  ferriti  oxide  and  alumina  ahsurlj 
fihoi|illotic  acid  frcmi  its  salts,  and  a  highly  basic  compound  of  the  acid  and 
fliftlKn  oxide  is  formed,  Tboj  act  more  powerfully  than  the  silicates  in 
lliis  way.  The  hydrutetl  double  silicates  absorb  bases.  SUiciitt^R  of  aluminium 
mod  Cidcium  alisorb  ammonia  and  potansiuui  from  idl  the  m\t»  of  thosu  ha^i% 
tod  ft  new  hydmted  double  silicate  ia  ff>riiied,  in  which  calcium  is  mor*i  or  less 
peifccUy  lepkc^d  by  potassimn  or  ammonium.  Humus  also  forms  imwluble 
eompouncb  with  these  bases.  Absorption  of  potash  or  ammonia  is  usually 
•tliiDded  with  separation  of  lime^  which  then  takes  carbonic  acid. 

The  soil  must  be  properly  prepared  for  sewage  irrigatiun  ;  either  a  gentle 
akpeir  or  a  ridge  with  a  s^entle  slope  on  each  aide  of  about  30  feet  wide^J  with 
ft  eonduit  at  the  summit,  or  flat  biisiua  surrounded  by  ridges,  are  the  usual 
pknsL  The  aewer  water  is  allowed  to  trickle  down  the  slope  at  the  mt^j  of 
ftbout  d  feet  per  hour,  or  is  let  at  once  into  the  flat  basin.  The  water  pass3s 
through  the  soil,  and  should  be  carried  ofl"  by  drains  from  5  to  6  feet  deep, 
and  thence  into  the  nearest  water-course. 

The  sewer  water  should  reach  the  grrtund  in  as  fresh  a  state  as  possible^  ;  it 
18  usually  nm  through  coarse  strainers  to  arrest  any  large  Bubstances  which 
find  their  way  into  the  sewera,  and  to  keep  back  the  grosser  parts  which  fonn 
ft  actun  orer  the  land  ;  it  is  then  receivwl  into  tanks,  whence  it  is  cjirrie<l  to 
the  laud  by  gravitation,  or  is  pumped  up.  The  **  carriers  "  of  the  sewer 
walCT  are  either  simple  trenches  in  the  ground,  or  brick  culverts^  or  concreted 
channels^  and  by  means  of  simple  dams  and  gatea  the  water  is  directed  into 
one  or  other  channel  as  may  be  r6r|uired.  Everything  is  now  made  as  simple 
and  inexpensi%*e  as  possible — ^undergrtiund  channels  and  jets,  hydrants,  hose 
and  jets,  are  too  expensive,  and  overweight  the  plan  with  unnecessaiy  outlay. 

The  amount  of  land  required  is,  on  an  average,  1  a«?r«  to  100  peraons;  tliis 
is  ei)ual  to  a  square  of  70  yards  to  the  side,  and  will  take  2000  gallons  in 
twenty-four  hours. 

The  sewer  water  is  applied  intermittently  when  the  plants  are  growing  ;  but 
in  winter  it  is  sometimes  naad  constrmtly,  so  as  to  store  up  nourishmi-nt  in 
the  noil  for  the  plant-growth  in  the  spring.g 

The  amount  of  aewer  water  which  can  be  applied  will  vary  with  the  kind 

*  Jcmmal  of  Royal  A|^<mltara]  Society,  toL  xi. 

f  Cbemieal  Kevs,  Mny  1870,  Warrington's  paper  girea  *  good  resamfi  of  the  sabjeet,  and 
SDMiirorifiiULl  experimentM,  and  can  be  oonMuIt«u  for  full  details. 

^  Tbiii  U  the  airangement  of  Mr  Hope's  farm  at  Rom  ford. 

$  See  aa  intiiraiting  paper  on  the  utiltRAtioa  of  ihe  S«wage  of  Parifl,  by  Sand  ford  3ifoor«, 
RA^  Aiiibt. -Surgeon,  Ith  Dnmoon  Guards  (Medical  Timea  and  Qaxette,  June  1870).  In 
like  mammtr  **  arroAaf^  **  is  practlaed :  the  laod  is  ploughed  in  niTTOWS  and  ridm,  and  the  water 
i»  a0orwttd  lo  flow  into  the  lurrows,  and  not  allowed  to  wet  the  Tegetables  wtiieh  are  pi  a  tc<l 
mt  Mim  Hfim.  fn  winter  "  oolcnatage  **  is  had  Te<M»nr»€  to  ;  %\m  ndgot  are  levelled  and  the 
mH^ttf  flnr&oe  U  sabmif rged  under  aewage  water.  The  Kewen  of  Paiia  receive  only  a  ftmnl  I  part 
offlibi  aolid  fljccreia  (thoni^h  mofftof  the  urine),  but  tlie  fluid  U  highly  fertilising.    Pn^cipita- 

oo  with  alum  was  alto  formifTly  had  recourse  t<J  in  Pana,  but  haa  now  been  atkundoned. 

Vm  detailed  infomtation  see  tbe  Report  of  the  Prefecture  of  the  Seine,  "Sur  raasainisae- 

mttt  de  la  iSeiiie.'*  An  abetract  ts  given  fn  the  Annalee  des  poutA  et  Chaua«ees,  and  ii 
tnii*tati«d  hy  R  Manning,  M.LC.E.,  (E.  and  F.  N,  Spou.)  1876.  Similar  works  are  in  pro- 
wam  at  Bcrttn  and  an  d«ecrihefl  in  the  same  paper.  At  Bmssela,  the  Senne,  during  its  paaaige 
fkrtQpl^  the  dty,  is  no  longer  uj»ed  aa  the  ninin  wwer,  and  although  the  sewage  is  stiU  pouroi 
Mo  H(il  a  li^wer  point,  it  wiB  nlttroately  be  dispoeed  of  by  irrigation. 
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of  grouad,  the  amount  of  mia,  and  the  season  of  the  year.  In  the 
1871,  it  appears  that,  on  the  Lodge  farm  at  Barking,  622,324  tons  of  8ew«g» 
were  applied  to  163  acres  (nearly),  or  about  3800  tons  per  acre.  In  the  ai- 
teen  months  ending  December  1872,  the  average  quantity  was  3342  toofiper 
acre  annually.  On  the  most  ponjus  part  of  the  farm  as  much  m  9$Q  im 
have  bet^n  applied  in  twelve  hours.* 

Condition  of  tlie  Effluefit  Water  after  Irrigaiian, 

When  the  sewer  water  passes  over  and  not  through  the  soil,  it  is  oflSt 
pure,  and  even  suspended  mattera  of  comparatively  large  size  (sudi 
epillielium)  have  been  found  in  the  water  of  the  stream  into  which  it  Aiit 
It  rtH^«irt3s,  therefore,  that  care  shall  be  taken  in  every  aewnge  farm  that  the 
water  shall  not  escape  too  soom  Dr  Letheby,t  whose  authoritr  on  suck  i 
question  no  one  can  doubt,  rate-s  the  cleansing  power  of  soil  much  lower  thta 
the  Rivem  PoDution  Commissiooers  or  the  Comimttee  of  the  British  Awf^o* 
tjon,  and  hi»  analyses  make  it  at  any  rate  quite  certain  that  the  proper  panfi- 
cation  of  the  sewer  water  demands  very  careful  pn'paration  of  the  gnuiDd  is 
the  first  instance,  and  constant  care  afterwards.  But  the  chemical  erideoct 
of  the  goo«l  effect  of  irrigation  is  too  strong  to  ailmit  a  doubt  to  exut^  as  irifl 
be  seen  from  the  folio  wing  table,  % 

Tuhh  from  the  EepoH  of  the  Rivers  Pollution  Commimcnen* 


fi«tii]t«  of  Inif^Atlon,  in  piutt  per  100,000. 


On  fttllovp  knd  at  Chorley  (adhesive  loam), 
At  Edinburgh  (bath  aand  aad  elay), 
Barking  (gravelly  soil),      ♦ 
Aldcraliot  (Hglit  aaud), 

lk»»t  rt'fiiilt^ 

Worst  reault,  , 

Avenige'resiilt, 
Carliale  (light  loam), 
Penrith  (light  loam), 
Rughy  (adhtisive  soil), 
Banbary  (principally  clay 

Best  result,     , 

Worst  result, 

Aventge  result, 
Warwick  (stiff  cliiy), 
Worthitig  (loam),  , 
Bedford  (MJght  gmvelly  soil). 

Average  result,  , 

Norwood  (tlay), 

Average  result,  » 

Croydon  (giuFelly  soil), 

Best  result, 

Woiat  reamlt, 

Arera^  reralt, 


Ferc«nUee  of  diiaolved 
OrMiiinIc  Ponutloo  r 


Orguilc 
C«-boiL 


62 -S 
45  3 
65  S 

dl'S 

80  g 
77*9 
75*0 
72S 

87*8 

641 

76- 

717 

427 

71*6 

65*0 

7a*2 
616 
67-4 


Organle 
Nitrogen. 


70^ 
81*1 
d6*i 

87*3 
82*9 
851 

69-8 
77-2 
92  9 

91  S 
80-1 
857 
89-6 
88*5 

81*3 

75*1 

93*2 
90*4 
91-8 


OrsMto 


100' 

iw>- 


These  results  are  much  bettor  than  those  of  any  chemical  precipitant,  thi 
hest  result  of  the  lime  proce^  giving  a  removal  of  only  65*8  per  otsok  of  tbe 

*  Mr  Morgan's  Report,  quoted  la  Fomi,  Air,  uid  Water,  Dec.  187L 

t  The  St^wa«e  Qiie,'«tioii,  187*2,  pn.  S-27. 

t  Tbe  ssUnrlanl  of  purity  which  the  effluent  water  flbould  have  haa  not  yet  been  ix«d.  IW 
propos4Hl  by  the  Rivers  PollutioD  ComiuissiouuTO,  which  is  based  on  tlis  method  of  iMrf"^ 
proposed  by  Dr  Frnnklondj  and  which  is  not  yet  universally  admittKi»  was  as  lbllov«  :— > 
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nititij^n,  and  the  bast  regult  of  Billar's  (A,  B,  C)  plan  giving  only  it 
of  ^"0.     Tliey  are  not  quite  so  good  as  th©  downward  filtration 
but  the  cUiferenee  is  not  grout. 

'  Sewage  IrrujaJtion  Fartm  HffeH  ifui  FuhJie  IJ^dlh  or  Public  Chm/Qvi  f 

li»f  sewage  fnrma,  if  too  near  to  houses  and  if  not  carefidly  conduct«d,  may 

JRnr  off  ciisnpiM^nhle  effluvia,  is  certain  ;  l)ut  it  is  also  clear  th.it  in  sunje  farms 

lUui  18  vpiy  trifling,  and  that  when  thp  eewer  water  ^'et>*  on  the  land  it  soon 

cetsee.     It  ia  denied  by  some  f*t»r8on8  that  more  nuisanie  is  exritc^d  than  by 

^  my  other  mode  of  nsinj^  manure.     As  ivi^ar^la  health,  it  has  been  alle^^ed  that 

^Ki^  fsruiji  may — 1>^^  Uive  off  effluvia  whieh  may  products  etit><^nc  fever,  or 

P^aecitery^  or  some  allietl  att'ectiou  ;   or,   2f/,  Aid  in  t!ie  8[tread  of  entozoic 

fti9««flv«  ;   orr,  3f/,  Make  gronntl  ewampy  and  marshy,  and  may  also  poiaon 

yttU^  aofl  thus  atfc^t  health. 

^HTbe  evidence  of  Edinbiirjjfli,  Crt»ydon,*  Aldershot,  Rugby,  Worthing, 
^knlord,  the  Sussex  Lunatic  At*ylum,t  is  very  strong  against  any  influ<'iiee 
in  the  production  of  tvphoid  by  »ewage  fanns'  e^uvia.  On  the  other  hand, 
Dr  Cloufiton's  recoM  of  the  outbreak  of  dysentery  in  the  Cumberland  Asylum 
(see  page  131),  is  eounter-ovidence  of  weight,  and  so  is  one  of  the  ca^es  noted 
by  Xjetbeby,J  of  typhtad  fever  outbreak  at  Copley,  when  a  meadow  was  irri- 
gated with  the  brook  water  e4>ntaining  the  sewage  of  Halifax. 

"'  k  evidence  is,  however,  so  strong  as  tr»  justify  the  view  that  tbe 
?ell-managed  sewage  ffirm  ilo  nt»t  [>roduce  tv]>lioid  f«ver  or 
djeen^iy,  or  any  affection  of  the  kind.  In  a  case  at  Etrai,  in  which  some 
emtm  of  enteric  fever  were  attributed  to  the  ettiiivia,  Dr  liuchanau  discovered 
that  the  fewer  water  had  been  drunk ;  this  was  more  likely  to  have  been  the 

nth  xcgard  to  the  second  point,  the  spread  of  entoiioic  diaease^a  by  the 

1 0/  Mivgn  PfMuition  Oommixtion^n.    Mftxim  um  of  Impurity  pf.rmissibU  in  litO^  000 
parU  hjf  weight  of  the  liquid. 
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Anenlo. 
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fiUlpliBtO. 


-  ~  nf  AcMity'  or  alkftlinity  is  aUo  orrltiYil  sot  to  be  surpAsaed.     In  the  discun- 

lleftith  Bill  m  tbe  Honae  of  Comi»ong,  thia  standard,  which  h)vl  beea 

j],  was  stnick  out,  and  the  standard  is  l^ft  to  b«  hereafter  detennined- 

^ivcn  in  the  Rivers  PoUution  Act  of  187G.)    The  ohjection  to  the  plan  k  not 

ibt  al»oat  the  smhHtniincses  reprtsRented  by  ori^Anic  carbon  or  nitrom?n,  hiit  also 

^ndarii  does  not  take  into  consideration  the  volume  of  water  into  which  t}»e  loul 

0i>w««    The  Thamaa  CouBerviwcy  Comndaaionem  adopt  a  standard  for  etRuent  !»ewage 

Most  ncH  excceil  tn  70,000  parts. 

imatten,  3    jmrta. 

I  sciltda,  .        .  ,        .        .        ,       70        „ 

Orgaoie  carbon,  .        ,        ,        2       „ 

,^     ttiirof^n,  .  ,        .        .        0'75  „ 

Diair,  rarioQs  papers  uu\  e^H.iy^  ou  tUi&  &iilje«t  drawn  from  the  experience  of  Ooj« 
ji  Farm, 

PW.  WilUnms  Brit  Mci  Journal,  lIlU  May  1872. 
iTbe  8ttwa^r  Qaeation,  p,  190. 
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carriage  of  the  sewer  water  to  the  land,  has  been  thouglit  probable  by  Cobboli 
tbougb  as  mAld  excretji  from  to wiii*  have  been  for  some  years  largely  rmpbyed 
as  manure,  it  is  doiibtful  whether  the  liquid  plans  would  be  more  dBngtuvm. 
The  special  entozoic  diseases  which,  it  js  feared,  might  thus  atisu,  are  T«^ 
worms,  Roundworms,  Triohina,  Bilbarzia,  and  Distoma  bopaticnim  in  ihw 
Cobboltra  latest  obaervations  show  that  the  emliryos  of  Bilhamji  die  so  mpiil 
that,  even  if  it  were  introduced  into  England,  there  would  be  little  dan^ 
The  Triehina  disease  is  only  knnwn  tit  pr<:fseiit  to  be  pro<liiced  in  men  hf  1 
worms  in  the  tle.sh  of  pigs  which  is  eaten,  anil  it  seema  drmbtful  wbeth^ir  pi| 
receive  them  from  the  land.  Then?  remain,  then,  oidy  TapewojTns  and  IW 
worms  for  men  and  Diistoma  bepaticum  for  isheep  to  be  dreaded,  AfTiti;  i 
gard  to  thejse,  the  evidence  at  pi^^sent  is  negative  ;  and  though  mooh  wis 
must  be  attached  to  any  opinion  of  Cobbold's,  this  argument  Oji^ainst 
irrij^ation  must  be  admitted  to  want  evidence  from  experience.* 

The  thiixl  criticism  appears  to  be  true.  The  land  may  become  swrnpyv 
and  the  adjacent  wells  poisoned,  and  diseaj^e  (aguef  and  perhaps  didcrTbaMtfM 
dysentery)  be  thuE  produced.  But  this  is  owing  to  mismanagement,  iiiul  w\m 
a  sewage  farm  is  properly  arranged  it  ia  not  damp,  and  the  wella  do  notuife 

Objections  to  Sewers, 

The  main  objections  are  as  follows  : — 

1 .  That  as  undei^ound  channels,  connecting  houses,  they  allow  tia 
of  elhin^a  from  place  to  place.     The  objection  is  based  on  giKtd  evid 
it  mnat  be  said  in  reply  that,  if  proper  traps  are  put  dowTi,  and  if  ttir-diactfl- 
nectiou,  in  addition,  ia  made  between  the  outside  tlrains  and  the  liouiie 
such  transference  ia  impossible.     The  objection  is  reaUy  agaiost  -an  ermt 
cDnatraction,  and  not  against  the  plan  as  properly  carried  out     Besidfii^ 
objection  is  equally  good  against  any  kind  of  sewer,  and  yet  such 
conduits  are  indispensable, 

2.  That  the  pipes  break  and  contaminate  the  ground.     Thi«  ifi  a  grefti  e' 
and  it  requires  care  to  avoid  it.     But  such  strong  pipes  are  now  infide,  tliat 
builders  would  be  more  careful  to  make  .a  good  bed,  and  to  connect  the  j 
firmly,  there  would  be  no  danger  of  leakage,  as  far  m  the  pipe   droins 
concerned,  and  not  much  drtnmge  of  the  main  brick  sewers.     At  great  deptl 
also,  the  pre8sun3  of  the  Bml  water  will  rather  cause  entry  than  exit  fjwm  ^ 
Bcvvers. 

3.  That  the  wat?r  supply  is  confstantly  in  danger  of  contamination,  Thii 
also  is  true,  and  as  long  as  overflow  pipes  from  cisterns  are  carried  into  sewto. 
and  buihlers  wU]  not  take  care  to  make  a  complete  separation  between  wala 
pipes  and  refuse  pipes,  there  is  a  soui-co  of  diuiger.  But  this  is  again  clearly 
an  error  in  constructive  detail,  and  is  no  argument  ag^ainst  a  proper  *it^t^ 
ment 


dejlQffli^H 


■  Wj 


On  the  Infldkncb  the  Construction  op  Sewers  uaa  had  ox  the  dS 

Rate  of  Towxs. 

Eeferencc  has  already  been  made  to  the  possibility  of  sewers  being  ll» 
channels  by  which  ent^^ric  fi?verB  ami  ch«:>lera  have  been  prof)iigu.tQd  bam 
house  to  house,  and  from  which  emamitions,  causing  diarrhu-a  and  olber  cem- 
plaints,  may  arise.     Admitting  the  occasional  occurrence  of  aueh  mnrri  it 


•  CSobboH  bfts  since  withdrawn  bi«  objection, 

f  Th(*r»  is  no  aguD  or  Any  uthtir  diseuie  tmceabk  to  the  MWig«  lrTig0ii0H  «|  i 
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lains  to  be  Been  wbether  the  sanitary  advantages  of  sewers  may  not  greatly 
ttiterbidjincti  their  defects.  The  difficulty  of  pro\Ttig  ibis  point  fttati^tically 
Biste  in  the  number  of  other  conditions  affecting  the  hciilth  of  a  town  in 
litioii  to  tbos^  of  sewerage,  Dr  Buchamm*  hns^  however,  given  some 
■able  evidence  on  this  point,  which  hm  been  well  commented  on  by  Mr 
kpiL  He  inquired  into  the  total  death  mte  fiNjm  all  causes,  and  the  death 
bfiBDm  Some  jnutieular  iliaeases,  in  twenty-five  towns  before  and  after 
^H^  improvementfi,  which  oonaisted  principally  of  bettar  water  8up|:dy> 
■Sge,  and  tcjwn  e^mscfi-vancy.  The  geneml  rt^sult  ia  to  show  that  these 
klory  improvements  have  ri'sulted  in  a  lowering  of  the  death  i-ate  in 
leteen  out  of  twenty-hve  towns^  the  avenige  reduction  in  these  nineteen 
ms  being  10  "5  per  ctnit.  The  reduction  in  typhoid  (enteric)  fever  was 
ireTnely  mfurked,  and  orcurrf  d  in  twenty -one  towns  out  of  twenty -f<  mr^  the 
n^  reduction  being  45*4  per  cent,  in  the  deaths  from  typhoid*  In  three 
b|there  was  an  augmentation  of  typhoid  fever,  but  this  was  manifestly 
i^  to  im[>erfection  in  the  sewerage  arrangements  ;  and  these  wiac^s  atfortl 
client  instances  of  the  unfavourable  part  badly -arranged  sewera  may  play 
this  directioii-t 

Pimrhcjea  has  been  also  reduced,  but  not  to  such  an  extent ;  and  in  some 
rns  it  li!L8  increfLsed,  while  tj'phoid  fever  has  simultaneously  diminished,  { 
It  the  h^rm  diarrhcea  is  so  loosely  used  in  the  returns  as  to  make  any 
duction  uncertaim  Cbolem  epidemics  Dr  LSuchjinan  considers  to  have  been 
lldeivd  "  practically  huioless."  The  immense  significance  of  tliis  statement 
U  be  at  OQce  appreciated.  Wlxether  the  n^sult  is  owing  solely  to  the 
pretrnge  or  to  the  improved  water  supply^  which  is  generally  obtained  at  the 
bie  time,  is  not  certain.  Phthisic,  which  I>r  Buchanan  and  Dr  Buwditchg 
Id  to  be  so  much  intluenced  by  dampness  of  soil,  dot^s  not  ai)pear  to  have 
im  affectAid  by  the  rrsraoval  of  excreU  per  M'j  at  lea^t  towns  such  as  jUnwick 
d  BeyiimawT,  which  are  thoroughly  drained,  show  no  lowering  in  the 
jhthisical  mortality.  Nor  could  Dr  Buchanan  trace  any  effect  on  the  other 
ses  of  tbe  lungs. 
far  as  can  be  seen,  the  effect  of  good  sewerage  has  therefore  been  to 
luce  the  g(^neml  di*ath  rate,  es|K;cial!y  by  the  itiduction  of  deaths  from 

boid  and  fr*:»iM  chol<?ni  (and  in  some  towns  from  diairha^a),  but  partly,  in 
probability,  by  geneml  improvement  of  the  health.     The  action  has  been, 
i^p  fact,  very  much  in  tlie  ilirertion  we  might  have  antici]>ated.|| 

It  m/iy  be  obsi^rved,  that  this  inquiry  by  Dr  Buchanan  do^s  not  deal  with 

question  as  Ix^tween  sewers  ami  efficient  dry  methods  of  removing  excreta 

which  point  we  posseas  at  present  no  evidence),  but  between  sewerage  and 

old  system  of  cesapooli. 


Ninth  Report  ottha  Medical  Officer  to  the  Privy  Council,  p,  12  eiseq.  and  p.  4ft. 
'  See  the  case  of  Worthing  (p.  46),  for  a  striking  iiiHtanr«  of  thi*  spreafl  of  typhoid  through 

Virchow  lia«  lyiUed  attention  to  tlie  les«w;iiiii>2f  of  typhoid* 
I  Ninth  aM  Tenth  Hi?|w>rt*«  of  the  Mi?<lit^al  Otficera  to  tUe  Privy  Council     See  eipecklly  Dr 
Buchanan's  Report  in  tbfi  hist-nAmfd  work,  p.  57.     ^ee  ako  cliapt^r  on  Soil,  p»  it31- 

I  The  case  of  DmitrJiLf  is  a  good  illnstrntion.  In  tiie  niii«  ywarn  from  lyi>3  to  1S71,  l>eft>ra  the 
rn  wn»  drained  and  anpplied  witli  pnre  water,  the  death -mte  woh  36  9  pr  lOoiJ,  ahnoat  the 
D  M  in  the  previous  38  yeftTs  {Wl5-^'2l  Mb.  in  ilw  five  yeai^,  1872  to  1876,  when  the 
dmiiu^?»  ikwl  watcr-worku  were  in  fidl  operation,  it  was  only  28 '5 ;  thuB  there  wma  an 
•Tent  saving  of  3156  lives  during  that  perio^l*  Cholera  li&»  attacked  Daiitzi^  eieven  tinj<iH, 
^^iwdly  severely,  and  in  18iJ^  it  killeriOliH  persom.  it  retunitjd  in  IH73,  hut  wrw  unal^le 
,„k  iniiii  »  fotiting,  ooly  91  pei-sonA  falling  victinia  to  it.  Children  being  usnaily  the  most 
deliCAte  imlic»tora  of  disefltse»  it  w.i«  found  that  in  the  first  periofi,  before  the  drainaRo,  there 
die^l  out  of  evi^ry  lOCKJ  inhahitjints  13  04  children  ;  in  th*  second  perioil^  after  the  druinaRe, 
iioiy  10  77;  or  the  lives  of  856  children  were  saved  during  the  sfrcond  periotl.  (Dauzigo 
Zcitung,  fiuoted  in  Deutsche  Viert^ljuhrachaft  t  off.  C:k^s.  9ter,  BO.  2tc8.  Hit.  p.  aSO). 
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MorHFIPATIONS  OF  THE  WeT  MeTHOD  OF  HbMOVING  EXCRITI. 

Ths  Separate  Sydem. 

Ey  thia  tenn  is  rac^ant  the  armngement  wliicli  carries  the  min-Wtt!*:'?  1 
separate    chfiniiels    into   the   iijoat     coTivenirtnt   wakT-<?Miire€*,*     Mr   Wa 
celtihratod  phnise  **  the   rain  to  the  river,  the  sewage  to  the    goii,*'  i^ 
principle  of  tbi^  phiu.     Ita  advantages  iiro  that  the  sewers  can  W  s 
that  the  amount  of  sewer  water  to  he  dealt  with  at  the  outflow  is  much  Id 
in  quantity,  more  regular  in  ilow,  and  richer  in  fertilising  ingredients^  and  i 
therefore,  more  easily  and  chenply  disposed  of.     The  grit  and  debrU  ni  \ 
roads  also  are  not  carried  into  the  sewers;   and  the  storm  waters  oevttrl 
the  houses  in  the  low  parts  of  the  town. 

Tlie  diaadvantagea  are^  that  separate  t-hamiek  and  pipes  have  to  W  pmvid 
for  the  rain  ;    that  the  rain  frc»m  sill  Lirge  cities  carries  from  roofs  and  fn 
streets  mueb  organic  dehris  which  pollutes  strBOma,  and  that  the 
effect  of  the  rain  on  sewers  is  lost. 

The  adoption  of  one  or  other  system  will  prohably  depend  on  IocaI  couj 
lions.      If  a  town  in  Europe  hea  low,  and  it  \&  expensive  to  lift  9eWd|Lfe ; 
land  eamiot  he  obtLiined  ;    or  if  the   naturtd  contour  of  the  gnjuinl  id  vm 
favoundde  for  the  flow  of  rain  in  one  dirt^ction,  while  it  is  ccmvenittut  to  i 
the  80Wag<3  in  anoth<?r,  the  separate  systcqn  would  be  the  besL     So  also  in  1 
tropics,  with  a  heavy  rainfall  and  a  long  dry  season,  the  providing  of  si^wi 
large  enough  to  carry  off  the  rain  would  he  too  expensive  for  all  i^xw^pt  \ 
richest  cities,  and  tlie  disposal  nf  the  storm  wat^er  would  lie  iliffiriilt 

In  all  cases  in  which  rain  enters  the  sewers,  some  plan  ought  to  be  i 
for  storm  waters,  t     If  irrigation  is  the  plan  carried   nut,  the  jsi'Wer  wiirr ' 
hecomea  so  dilute  and  so  large  in  quantity  in  storms,  tliat  the  apjdicaliaii  W 
land  is  usually  suspend&il,  and  the  sower  water  is  allowed  to^pass  at  ontf 
streams. 

In  this  way  the  evil  which  irrigation  is  iritemled  to  |»revent  is  [»n~iduo 
though,  doubtless,  the  sewer  water  is  highly  dilute.     In  Lontlon,  tho 
waters  are  allowed  to  flow  into  the  ThameSj  special  openings  being  piov 

The  Inierfcpih/n  System, 

In  many  of  the  continental  cities,  the  fluid  and  solid  exert^t.i  fall  into  I 
receptiicle  with  perforated  sides  or  bottom,  so  that  the  fluid  part  drains  u 
ntnl  the  solid  is  retained,  and  is  removed  from  time  to  time.      Such  a 
may  keep  the  st^wers  free   from  deposit,  !iut  hfis  the  gre^t  diit^idvtinta^l 
retaining  large  collections  of  excreta  close  to  and  iu  many  en-  "      * 

under  or  in  the  celLirs  of  houses,  and  no  ventilulion  can  cut 
effluvia. 

An  improvement  on  this  plan  is  a  method  proposed  bv  Mr  Choeshiit;  4 
Birmingliam.  He  places  outside  the  house,  in  any  plice  whertj  ticccas  U  €«9f« 
a  rompamtively  small  box,  coiinectcil  by  trtipjwd  pipn^  with  the  vratc*r-i*lo 
at  one  end,  and  the  sewer  at  tho  other.  The  lid  of  the  box  is  fixed  du 
%vith  concrete  or  putty,  so  that  the  access  of  air  is  8top|>ed,  AcMsa  uiw?  i 
of  thf^  box  is  a  single  or  double  strainer,  which  allows  the  urine  and  water 
pass,  but  retains  the  sohds.  From  time  to  time  the  box  is  lifted  out,  mt 
away,  and  another  is  inserted.  The  solid  matter  is  almost  free  frum  oda 
as  the  limited  access  of  air  hinderB  putrefaction. 

*  On  thiB  subject  the  work»  of  Mr  Heniies,  wbo  first  d^cribed  thU  plati,  mad  of  i 
Ewnrt,   R.E,  (Report  on  the  Dniina^e  of  Ojtford,  Eton,  Windsor,  and  Abingiloti,  19$$)^  1 
he  found  very  useful. 

t  PlniiK  for  thfa  purpose  are  fifcur«d  And  described  iu  the  works  on  Saaltftr^r 
by  Baldwin  Latb&m,  and  Bailey  Denton. 
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cUfticultj  about  this  plan  is  the  CKJcasional  blockage  of  the  stmiiier,  sa 
the  aolhl  matters  ifHiain  wet,  raid  may  eooo  Jill  the  box,  ao  that  the  lid 
be  forced  otf.  T\\\\  liquid  which  i^owa  from  tho  bux  ia  of  course  Idglily 
ire  with  excreta^  but  the  reteutiou  of  tho  aohds  prevenUs  blotkii*>e  of  the 
At  present  it  can  ouly  be  said  tliat  this  pLiu  has  uot  been  yet 
iy  eatabliahed  oo  tho  large  scale,  but  is  well  worthy  of  extended  trial, 
culai'ly  in  cases  where  the  difficulties  of  irrigation  ata  gnmt, 

Wdter-Closets  and  Water 'Troughs. 

VtUer-Cflmets. — The  pan  of  the  closet  is  usually  a  cone  in  earthenware 
icli  is  ljK?tti?r  tlian  metal),  and  a  syphon  or  liap  valve  below.  In  addition, 
are  numerous  contrivances  for  flushing  the  pan  and  8y]:>hoii,  and  for 
entiniP  the  I'scnpe  of  the  air  from  the  soil-pipe  into  the  house.*  The  soil- 
is  usually  of  east  lead  ;  but  both  lead  and  iron  are  easily  eattm  tlrrough, 
Isbown  by  J.)r  Fergus,  and  L-aithenivare  \A\mi^,  if  stnjng  and  wtU  joined, 
5uM  he  J Ji-L^f era blc.t 
t  ^  The  points  to  he  looked  to  in  examining  closets  are — l«rf,  That  the  pan  is 
^B^rly  a  cone,  and  not  a  half  circle  with  a  iiat  btitt-om  ;  2^/^  That  the  amomit 
^^B  force  of  water  is  suHieient  to  sweep  everything  out  of  the  syphon ;  3r/, 
^^bi  the  soil  pi])e  is  ventilated  below^  the  Hyj>hon,  by  being  tyirried  up  to  the 
^H  of  the  hoiLs^e ;  4/7^  That  the  junction  of  syphon  and  sctU-pijie  an<l  the 
^H^bs  of  the  soO-pipe  are  perfect. 

^RWith  respect  tu  water,  a  j*i|pe  fri>m  the  house  cistern  frequently  leatis  to  the 
r closet ;  but  if  so,  there  is  souie  danger  of  gas  rising  thi'ough  the  jii|)e.  There 
3uld  he  a  special  small  cintiirn  for  the  use  of  the  clcfset.  What  are  ternaed 
Br-waste  preventers  are  now  commonly  used,  either  fed  by  a  risti  XTi  or  by 
ant  supply.  They  imi  boxes  which  are  emptied  by  a  valve  into  thf  pan^ 
,  are  then  slowdy  retiHetL  There  are  many  kinds,  and  most  of  them  dis- 
*ge  frtim  |  to  1  \  gallon  at  a  time.  The  amount  should  not  be  less  than  a 
gallon,  ami  the  fall  shoidd  not  tw?  less  than  3  or  4  feet^  so  as  to  insure  thorough 
scouring  of  the  soil-pipe.  |  In  an  ingenious  aiTangemeiit  by  Mr  Commons 
(basi'd,  T  belime,  tui  an  idea  of  Mr  Hollind's),  the  water  is  stored  in  iiii 
inverted  in>n  1  Kittle,  th*^  air  in  which  is  eom pressed  by  the  water.  lYhen  the 
jjalve  is  opi'ii»_^d,  the  coniprissed  air  ilrives  down  the  water  w^ith  great  force. 
lie  ventilation  of  the  soil-pipe  is  a  matter  *>f  im- 
nDce,  as  tlie  water  from  the  pan  suddenly  ilisjdace^ 
body  of  foul  air,  which  rises  tlirough  the  syjdion 
lie  water  tiows.  A  suitdl  pipe  below  the  syphon, 
ing  to  thf  outer  air  and  diseharging  at  some  point 
'  from  windows,  seems  the  best  arrangement,  Bui 
ought  always  to  he  another  opening  to  the  air, 
which  air  may  l>e  drawn*  so  as  to  create  a  current 
may  be  done,  either  by  a  grated  trap  below,  or 
in  lianni'r's  ])lan)  by  drawing  air  fmm  another 
ft  carried  up  the  house. 


Fig.    98. -Moleaworth'n 
The   eun-euts  in  the  two  Panaoa  VentilatioaofS^^^ul 


Its  are  determined  by  reversed  cow  Is. § 


Pip«. 


"•  Mr  Eas«i«'A  work,  **  Healthy  Hounes,"  gives  a  good  account  of  the  vnrioui!  kinds  of  closeU, 
■^  In  h in  work  cm  Sanitary  ArrangemeriU  for  Dwellings,  Mr  Enafiie  dews  not  uppt^tvo  of 
*»«»+!,.  f. ware  pip*^^,  pivfcmng  tb«*  strivngest  cost  lea^l  to  any  othtr. 

Array  Sanitary  Committee  (Oa  Sanitary  Appliaacea,  Blue  Book*  1871,  p.  17).  state  tlmt 
lilt  of  water  used  in  the  wat^r-cloaet'*  in  the  lirmy  is,  for  Green'."?  closetj  uelwyen  §  gallon 
uii'i  1  ^ilkin  for  eat*h  time  of  use  ;  Underliay's,  Lanibett'H,  and  the  pan-cloiwsti  from  1  to  IjJ  gal- 
lon ;  and  for  Jeiiuin^'i^  closet  usually  the  j^aukj,  or  Jn  some  itAttons  3  enlloua, 

§  For  the  outgoing  pip^  cspecudiy  if  there  be  raurely  a  grating  helow  as  aq  intet,  a  cowl  is 
t»»t  ab*alutfly  ni5cei*Bary,  but  if  requti-ed,  variona  kiaJa  are  applicahle.  Besides  Banner'ij,  that 
oi  Di  Mocduuald  aud  ubo  Boyle's  mi^bt  be  used. 
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Dr  Tajlor  of  Anerley  has  invented  a  trap  on  this  plan,  and  in  wliicb  i 
ecDuring  effect  of  water  is  secured. 

Mr  tTetming'B  closet,  witli  plug  and  water   trap,    lias  the  adTEntage 
effectually  pn^venting  the  regiirgitatioii,  but  the  pLin  is  rather  expcnsire. 

The  position  of  the  closet  i»  a  matter  of  great  moment.      If  jinssibli 
ahoulfl  always  be  in  an  outbuilding,  or  a  projection,  with  thoMUgh  %eDtikti< 
betweeu  it  and  the  house.     In  tw^o-etoried  buQdings  it  might  be  put 
small  third  story  in  thti  roof,  and  well  ventilated  above.     The  windowfe 
a  closet  (^lUght  always  to  open  ((uite  to  the  ceiling. 

Ill  all  c^ases,  a  tube  should  pass  from  the  top  of  the  closet  to  the  outer 
and  J  if  the  closet  is  in  a  had  situation,  shoidd  be  boated  by  ii  gas  jet 

It  is  a  bad  plan  to  have  the  puJl-up  handle  covered  by  the  lid  ;*  it  sboulii 
be  able  to  be  pulled  up  when  the  lid  is  shutj  or  the  shutting  of  tii«  lid  sbotiM 
op<'n  the  water- waste  jtreventer  cistern. 

The  plan  of  placing  closets  in  the  basement  should  be  entirely  given  op ; 
closet  air  m  certain  to  be  drawTi  into  the  houae. 

Wttter-TruH^h^  or  Latruus. — These  are  very  strong  earthenware  or  caflt-i^^a 
receptacles,  which  are  about  half  full  of  water.     The  excreta  drop  hv. 
water,  and  once  or  twice  a  day  a  valve  is  raised,  and  the  water  and  v\ 
pass  into  a  drain.     In  Liverpool,  where  excellent  water-tTOUghs  are  in      , 
there  is  a  receptacle  into  winch  fall  bits  of  bricks,  towels,  or  other  tl  :. 
wliicb  are  thrown  in,  so  that  they  are  stopj^ed  and  iished  out  when  tbi 
is  emptied,  and  do  not  pass  into  the  drain.     The  amount  of  water  r 
wat-erhttrinea  used  in  some  barracks  is  about  5  gallons  per  head  daily,  8'  t 
the  plan  is  not  economical  of  water^  but,  as  it  avoids  all  loss  by  tlie  dr^  ■ 
in  closets,  then?  is  probably  no  great  excess  of  expenditure.     It  is  a  g*^ 
to  have  a  flexible  hose  attached  to  the  water  pipe,  so  as  to  wash  thor'    - 
the  seats  and  partitions  every  day. 

The  chief  objection  to  this  plan  is  the  labour  which  is  necessary  to  eiii|fij 
the  trough  ;  but  the  plan  saves  expenditure  in  repairs  to  water^clooets,  and  in 
this  resjMN  t  there  is  some  compenBation.t 

In  Jud;^iiig  of  the  value  of  a  water-trough^  the  amount  of  "water,  the 
exposed  Uj  evaporation,  and  the  completeness  of  the  flushing,  are  the 
to  look  to* 


Dry  Methods.  J 

The  use  of  sewers  and  removal  by  water  are  in  many  casea  impractkiiUe. 
A  fall  cannot  be  obtained  ;  or  there  is  insulficient  water  ;  or  the  MVCfity  U 
the  climate  freezes  the  water  for  months  in  the  year,  and  removal  by  its  mcaxa 
caDnot  be  attemptcfh  Then  eitber  the  excreta  will  accumidate  about  houj«»^ 
or  nitist  be  n^raoved  in  substance  daily  or  periodically.  Even  wbe^  water  a 
abmidant,  and  sewers  can  be  made,  many  agriculturists  are  in  favour  of  Iht 

*  la  Dt  A1dnrlge*«  patent  the  hAndk  cannot  he  pulled  i&p  until  the  lid  b  that  duwn ;  tkiv 
ia  Jilfio  arnLugentent  for  t^irrymg  o^  fonl  gm  by  me^ans  of  »  pipe  cammaaicatiQg  ivitb  tli*  < 
air,  the  lid  itself  buing  air-tight  round  the  rim  of  the  Beat 

t  In  th6  anuy  twa  kinds  of  latrines  (Macfarlane  t,  of  caat-iroii,  uid  Jetusing's  of  « 
Vf&r^)  have  l>een  m  use  for  about  tirteen  years.     The  Anuy  Sanitary  CommlitM  (On  f 
Appliaitionw  introduced  into  Barracks,  Blue  Book,  1871,  p,  1-1^  state  tlut  oiit  cf  M3 1^__ 
only  53  have  been  charged  with  repaint*  and  the  average  expenditure  orn  these  53  ham  tmn  1% 
per  barrack  annually  for  Macfarlane's,  and  iSs.  1^1.  per  barmck  for  Jenniiig's  latrtM^  i 
the  whole  of  thiae  expi^nses  buve  been  eaused  by  articles  thrown  cutsleivly  i«to  tim  ' 

X  On  tht^  dry  ini^thodH  «f  rernovnl  a  very  good  paper  haa  beenpiiblialied  by  Br  Bo 
Mr  RadclifTe  (Twelfth  ReMrt  of  Ibe  Medical  Offloer  to  the  fnrj  Comncil.  l$Cf(k 
111) ;  al«o  another  by  Mr  Netten  Kadclfffe,  Report  on  cei'taintneaat  of  preneDtltig 
Nuiaancea  ia  To  was  and  Villagea  (New  Seriea,  No.  2,  1874). 
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f  MB  giving  a  more  valuable  fertiliBing  product ;   and  yanous  plana 


»m 


It  is  not  ncicdseary  to  consider  here  the  employment  of  cesspools,  deadwelk, 
&c.,  as  such  plans  tuiiat  he  eoiiBidered  quiU^  unsanitary,  and  should  h^  iuvari* 
ably  discontinue*!.  If  excreta  are  ever  allowed  to  accumulate,  it  should  he  in 
{nopeeiy  prepared  receptacles,  and  after  admixture  with  deoduraiitB, 

Removal  mtkoid  Admixittre, 

In  some  ciisea,  the  solid  and  lii|uid  excreta  pass  into  hoitm  or  tanks,  which 
are  emptied  daUy,  or  from  time  to  time,  and  the  sewage  is  at  once  applied  to 
land  without  further  treatment.  In  tilasgoWj  the  excreta  from  one  part  of 
fclie  town,  containing  80,000  people,  are  now  removed  every  day  without 
admixture,  except  with  the  garh^ge  from  the  housed,  and  ai'e  sent  long 
distances  at  a  profit*  If  the  removtd  can  be  made  daily,  the  phm  is  a  good 
one  ;  the  manure  should  not  be  applied  in  the  imnicdiati^  neighbourhood  of 
dwellings^  and  the  Barrack  Commissioners  have  ordered  that  it  shall  not  be 
piat  on  land  nearer  barracks  than  500  yards. 

Id  BcmiQ  towns  in  the  Xorth  of  Enghmd  (Sidford,  Halifax,  Nuttinghaiu), 
tha  leoaptacLBS  are  lined  with  fionie  absorb**nt  material  (refuse  of  cloth  manu- 
factuna)  intended  to  absorb  the  urine  (iJoux  8jst(?m) ;  in  other  cases  the  urine 
la  c»med  off  by  a  pipe  into  a  dniin  ;  the  inteution  being,  in  both  eases,  to 
make  the  fiecal  matter  drier,  and  to  delay  decomposition. 

In  otheia,  the  soil  being  removed  dudy,  or  at  short,  intervals^  is  taken  to  a 
nminfartaiy,  and  there  subjected  to  manipidations  which  convert  it  into  a 


Under  Ibe  term  *^  Poudretto,"  manufactories  of  this  kind  have  been  long 
cankd  on  in  Fiance,  though  they  are  said  not  to  he  very  profitable,  f  At 
pfeaent^  however,  a  portion  of  the  nitrogen  of  the  urea  is  cunvert^-^d  into 
ammonia,  and  is  united  with  sulphuric  acid,  and  comes  into  the  market  as 
aiiIphaU\  In  England,  aha^  there  have  been  several  manufact^jries,  such  as 
the  "  Hyde  Patent  Manure  Eureka  Comfmny,"  who  reduced  the  8<jil  to  one- 
seventh  of  its  bulk  by  the  application  of  heat,  and  obtained  a  good  manure. 
Aciknia  lor  nuiaance,  on  aceouiit  of  the  eilluvia,  and  the  expense  of  the  pro- 
ceas,  cansed,  however,  the  company  to  wind  up. 

There  have  been  great  discussions  as  U)  tlie  salubrity  of  the  French 
poudretto  manufactories,  and  the  evidence  is  that  they  are  not  injurious  U*  the 
workmen  or  to  the  neighbourhood,  although  often  incommodious.  But  the 
poudiette  can  take  on  a  kind  of  fermentation  which  renders  it  dangerous,  and 
Parent-Duchitelet  has  recorded  two  cases  of  outbreaks  of  a  fatal  fever 
phoid  I)  on  board  ships  loadi^  with  poudrette.  In  the  caae  of  the  Eureka 
apanj  no  bad  effect  was  produced  on  the  health  of  the  suen. 

Admixture  wUh  Deodoritfiug  and  AtUi-pHt reticent  Sabdaneea. 

ffhowewetf  some  deodorising  substance  is  mixed  with  the  excreta 
'•  IffB  removed  from  the  house,  and  they  are  then  at  onc^  apjilied  to 
without  further  preparation,  Mr  Moule's  advocacy  of  the  use  of  dried 
earth  has  brought  into  prominent  notice  the  great  deodorising  powers  of  this 
vnhataiioei  and  parhapa  no  suggestion  of  late  yeats  has  had  more  important 

*  At  C«j-brabe^  Maniiheini,  Rftitoilt  And  Bruchsal  the  excreta  are  removed  in  bo^es  botdiag 
aboat  116  cubic  feet  (Prouian)  evtry  evening.     From  an  cxjiericnee  of  eighteen  years  (1851- 


leaSl,  tha  exciTia  of  6861  men  (mean  stffngth)  retumeci  J&h  florinn  p«r  annnm,  or  aboat  li, 
lid.  feQJdfeli  mtnusy  p«r  head.  In  Brucbsa]  it  wua  la.  Id,,  and  in  Mann'  '  "  "^  ^  ^ 
ma  HSl  muLtin  haa  converted  the  aandy  wai^teii  into  fertile  com-fielda. 


t  Nearly  all  tha  aolid  excreta  of  Patia  ore  dealt  with  in  the  aame  way,  at  th«  gn^  depot  of 
CUcfay  Vaiviuiei 
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onsequences.     The  various  Hubstances  employed  to  prevent  odour  aod^iflcaD- 
sition  are  as  follows  : 

1.  Ooal  ami  Wood^  Ashes. — lliis  is  a  common  practice  in  the  nnrth 
of  England,  and  closete  are  made  -vvitli  hiuge<l  Haps  or  ee^la,  so  that  xht  ml 
aahey  may  be  thrown  on  the  sewage.  Sometimes  screens  aiis  used,  eo  tint 
the  hirge  cimlers  are  held  back,  and  mn  be  again  used  for  Bring,  In  nam 
towns  there  ai-e  receptacles  (middens)  intended  both  for  excreta  and  aibtt , 
sometimes  these  are  cemented^  but  are  usually  porous^  and  there  nmjr  be  i 
pipe  leadin^r  into  a  sewer  so  as  to  dry  thom,  Tlie  midden  «y«tem  is  aUA 
one  ;  even  with  every  cire,  the  vast  lieuj»8  of  putrt^fying  mat<*riiil  whiflt 
a'jcumniate  in  Bome  of  our  tol\^ls  must  have  a  very  deleterious  influe]ic«<  on 
the  beallh,  and  the  sooner  jill  middens  are  abolished  the  bettor.  The  dtoio- 
rising  etfect  of  cotd  ashea  is  very  slights  The  mixtiu«  of  coal 
exereta  usually  fimls  a  sale,  but  the  profit  is  much  greater  if  no 
mixed  with  it  Wood  niches  are  far  more  powerfid  as  df*oflonseiia^  Iml 
not  easy  in  this  country  to  have  a  proper  supply. 

2.  CftartuiftL — There  is  no  better  deodoriser  than  charcoaL*  AnimiJ 
i'oal  is  too  expensive,  and  peat  chareofd  is  cheaper ;  acwrdi  ng  to  I>aiiclMl], 
ounces  of  peat  charcoal  are  e<|ual  to  1  i  tti  of  earth  ;  and  this  author 
that  the  cost  of  chare^jal  for  a  family  of  six  perst>ns  would  only  be  1«^  6d.  ptf 
month,  A  i>lan  has  been  prf)i>0Bed  by  Mr  Stanfijrd,t  and  is  in  use  at  Glda^«t 
which  may  obviate  the  fiitticulty  of  price,  Mr  Stanford  prnfioses  to  oUajn 
charcoal  from  seaweiLd  ;  the  charcoid  is  cheiip,  and  remarkably  useful  a&  • 
deodoriser.  After  ^t  has  become  thorou^ddy  imprt^iLruat^Hl  with  iaoBm  md 
imne,  the  mixture  is  re  carbonised  in  a  retort,  and  tbe  cfU'bon  can  WljSpil 
used  ;  the  distilled  prodnct«  (ammoniacal  liquor,  contaimng  aeelato  of 
tar,  gas)  are  suHi<:i(^nt  ta  i>ay  tlie  cost,  and  it  is  saitl  even  to  give  a  pcofii 

The  closet  used  with  this  carbon  is,  in  principle^  similar  to  Afoule's 
closet,  with  various  improvements  for  more  thoroughly  mixing  tke 
and  aewaga 

The  advantages  claimed  for  Mr  Statifonrs  proceiis  are  the  complete  d' 
rising  etrpct  ;   the  small  amount  of  charcoal  ref[uired  as  comparwl  %vith  ill 
earth  (thn^c-fourths  le^  roquired)  ;   the  value  of  the  dry  manure,  or  of 
distilled  products,  if  the  mixture  is  rehumt  ;   and^  in  the  last  ciise  (bumiii 
thi?  complete  destruction  of  all  noxious  agencies.     In  using  it  the  mixed  cf 
coal  and  sewage  may  he  store<l  for  some  months  without  CMJour  in  some-  o 
vi'iiient  n'cc^placle  outride,  hut  not  under  the  house  ;  and  Mr  Stanford  stafaM 
tluitall  the  hou8«3  urine  can  be  also  allowed  to  flow  into  this  receptarla     Tk» 
rtOjuriiing  of  the  mixture  can  be  in  a  gas  retort,  or  a  special  retort  is  built 
the  ]airposo  ;  the  charcoal  left  in  the  retort  is  returned  to  the  house 

3.  Earth. — Since  the  Rev.  Mr  iMeule  pointed  out  the  powerful  dtwdo] 
pro]iertie^  of  dried  earth,  many  dilferent  closets  have  In^en  l»t\>p<*se<L 

Mr  Moule's  earth  closet  consists  of  a  wooden  l>ox,  with  a  reoeptacie  bel 
and  a  hojijier  above,  from  which  dried  earth  falls  tm  the  sewa^*  when 
jdug  is  i)ulled  up.  The  earth  is  juvviously  dried,  aud  about  \\  to  li  B» 
the  dried  earth  i>cr  head  daily  is  the  usual  allowance.  Fur  a  singli*  boi 
thi'  earth  can  lie  drii^duver  thekiU^hen  finv;  but  if  a  viUagt*  is  to  he  suppi 
a  small  shed,  littefl  \s'it]i  tiles,  below  wtiich  smoke  pijH?**  from  a  sinall  funui^v 
paws,  is  requirefl  The  earth  used  in  the  closet  is  sufficient  to  deodorize  \hf 
solid  excreta,  and  the  portion  of  the  urine  juissed  with  them  ;  but  the  wet  ol 
the  urine  and  the  house  wat^r  has  to  be  carried  ofl*  in  pipee^,  and  clispo^etl  of 

•  At  KTrilingera  in  HoHftnd,  «  pull  ffffftem  ia  in  uae,  where  ch«r««NU  U  empJo3r«4 
Immiii^  town  rffii»e.     It  appears  to  ]riitld  a  prcxiuct  of  sofEcjeDt  vm)u«  to  p»y  ftsttUl 
t  Chemical  News,  Jtuif'  and  Octoln^r  lS^31»j  nnd  F*jb.  1S72. 
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In  mme  oth<!T  way.  Tlio  rewpLacle  h  emptied  from  time  to  time,  and  the 
iBtxtan*  18  tttc*red  until  it  can  be  upplieiJ  tu  l;mil 

TheafivHatages  of  tliis  plun  are  oltvitma  ;  it**  ijisadvanttipresare  the  necessity 
of  r<:ill»H:ting,  luid  drviiig,  and  storing  the  earth,  which  for  <ujttagers  who  have 
li  ' ,  and  possihly  no  means  of  getting  earth,  ia  a  serioim  mutter.     The 

i^'  1   «lried  earth  to  lai^  towns  is  almost  a  matter  of  impois^ibility,  80 

hajgja  in  ibn  amount  ret[uired.*  Again,  the  attention  necef^sary  Ui  pn^vent  the 
liQaae  wnter  being  thrown  in,  and  to  remove  the  soil  at  suflieiontly  short 
pMiodfli  sometimes  militate  against  the  success.  To  obviate  these  dis- 
Aj!v:*nt«g€«,  «ome  modifications  have  been  intruduccd  into  Moule's  closet :  on© 
f  the  receptacle  may  Iw  covered  with  a  grating,  leading  to  a  pi|)e,  so  that 
iid^  drain  away,  and  the  house  water  can  l>e  thrown  in.  In  another 
IS  in  Taylor  8  improved  closet,  the  urine  is  carried  away  without  mixing 
.11  iui  with  the  solid  cxc'n^tji.  Sometimes  the  urine  thus  separat^^tl  is  ktl  into 
nnother  Wjx  of  c-arth,  and  is  thus  more  easily  disposed  of,  if  there  aje  no 
inisiuifl  of  ttiking  it  entirely  away  ;  or  it  is  luLSfc^ed  into  a  ttink,  and  then  uned 
M  liquid  manure*  In  another  mtidificatiou  (Moaer's),  a  jjartition  along  the 
bout  holds  some  abBorbent  subHtance  (a^iwdust,  straw),  into  which  the  urine 
pmiOBi  and  the  solids  are  thu8  kept  dry.  This  sepamtion  of  the  urine  and 
BolidB  certainly  appears  to  be  an  imj>rovemeiit  I)r  Carpenter  of  Croydon 
reports  well  of  these  closets  (l>aL]y  Denton,  op,  riL  p.  102). 

The  best  kind  of  earth  i»  clay,  marl,  and  vegetable  humus ;  when  dried, 
thts  clay  is  easily  jiowdered.     Chalk  and  pnre  sand  are  of  little  use. 

Tilt?  earth  system  is  coming  into  great  use  in  India,  ami  is  eEirried  out  with 
grniit  atteuiioQ  to  deUiiL  In  those  European  stations  where  water  is  not  pnv 
cumble,  Mr  ifoule^s  invention  has  be^n  a  lKx>n  of  great  value,  and  I  have 
bma  told  by  medic^d  othcers  tlwit  nothing  hss  been  done  in  Imlia  iif  lat>e  years 
wUch  has  cxjntribut4'd  so  much  to  the  health  and  comfort  t'f  the  tueiuf  The 
plan  of  asporating  the  uxine  frt^m  the  £i:eces  has  been  strongly  advoeated  by 
l>r  Cotniah  of  Madras,  and  would  no  iloubt  he  attended  with  great  advantages 
in  India,  if  there  are  means  of  disfKJsal  of  the  urine.  The  chief  difficulty  in 
the  European  barracks  in  India  is  felt  during  the  rainy  seasons,  when  the 
Duxed  excreta  and  earth  cannot  Ije  kept  sulhciently  Lb*y, 

In  ibe  case  of  natives  of  India,  however,  a  serious  difficulty  arises  in  the 
use  of  the  earth  system,  in  consequence^  of  the  universal  use  of  water  for 
^■lUation  after  using  the  clo^^et.  Ever}'  native  takes  with  hijn  a  small  vessel 
H|^]i^]ig  10  to  20  ounces  of  water,  so  tliat  a  large  amount  of  fluid  has  to  be 
Poispoaed  ol  The  usual  earth  closet  does  not  suffice  for  tliis.  Mr  Charles 
Turner,  C.E.,  of  Southampton,  has  contrived  a  closet  suitable  for  the  native 
lamtly  ;\  it  is  unfortunately  too  costly,  and  possibly  a  simple  iron  box,  with 
a  pipe  to  carry  off  the  urine  and  ablution  water,  would  be  better  suited  for 
tlw  poorer  classes. 

It  appears  from  the  observations  of  Mr  Fawcus,  at  the  jail  of  AJipore,  that 
mom  etfth  must  be  used  for  vegetable  than  for  animiU  feeders  ;  the  expri- 
nontB  gave  5'1   lb  avoir.  (2|  seers)  of  imdried  earth  for  the  daily  evacuation 

*'  For  wor^h^^iise*,  piMmt,  burackK  in  country  plBCM,  wber*  there  is  plenty  of  liibotir^  and 

ao  diff '  ^lining  and  afterwards  of  «li.H[H>,sing  of  the  eartli,  tb**  plan  ia  almont  perfect. 

do  ll»4  illaifefl,  if  tome  central  ftiithority  arrangra  for  the  supply  of  earth,  and  for 

***-—•  v«"l  ?»oil.     For  a  goo<i  Ktatement  of  the  advantageti  of  the  earth  ayfltem^  »ee 

the  Report  of  the  Leamington  Congnas  on  the  Sovrogv  of  Towns. 

>.  bA»  a  good  form  of  this  cIo«et. 

iW  Bengal  arrani^eTiieritiiE  will  \m  fotind  in  the  2d  edition  of  Uiis  work,  p.  329, 

J  j  it,  aa  toe  phuit  arc  \*emc  much  altered. 

.  .i<j  at  the  anmation  of  Dr  Niven  of  Bombay.     &fr  Tumei's  doiet  ia  deicrihed 
r  )  Tny  report  on  Hyisiend  for  36^7,  Anny  Medica]  Report  for  186Sj  published  18(18^ 
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of  a  vegetaHe-leeding  Hindoo.     The  urine  disohaige  (f  Ih}  nt^miHhi. 
earth.     The  earth  was  efficacious  mpropK>ition  to  the  Tegeiahlft  ci;9»  Mil 
or  humiiH,     In  the  experiment's  in  this  country  the  clayey  mattoutei 
of  ahimina)  have  seemed  to  he  chiefly  tisefaL      In  Indian  jiDsaiMi 
cantonmimts  the  trench  system  is  ns^d  ;    shallow  (1  to  1^  foot  dM^ttahi 
are  dug  in  a  ii*>ld^  and  earth  is  thi\jwn  over  the  excreta ;   when  tLmlt 
are  lolL,  the  whole  is  ploughed  up^  and  vegetables  are  at  once  pl>iiiiil,twiw 
heing  dug  elsewhere  ;  after  two  or  thrL^e  croi>a  this  portion  of  tbt  Mi  w^jL 
Ufled  again.     Great  iniportatice  is  attached  to  the  early  and  repealidciriM 
of  the  grtiund.*  ^M 

4.  Deodormng  Powders.- — Instead  of  charcoal  or  earth,  M*I>0M^| 
Calvert  s  carbolic  acid  powders  may  l>e  used,  and  this  pliin  biiiilMei^^| 
adoptiul  in  some  Indian  stations.  A  compamtively  small  ijuantit^ii  A^H 
hut  the  smell  of  the  carbolic  acid  and  the  cost  are  somewhat  agsioftll^l 
Dr  Bond^s  preparations  of  Terebene,  viz.,  the  Terebene  powder,  Oq^| 
Ferralum,  &c.,  are  very  effiacious  and  have  a  pleasant  odour.  LsQgtai^| 
Univc^rsal  Disinfecting  Powder  m  inodor<3US,  but  not  very  poweffoL    ^| 

5.  Sawdust  mixed  with  sulphurie  or  embolic  acid.  I  found  tbfi  &i]]tlH 
sidphnric  acid  and  sawdust  to  havt'  httle  effica£!y  ;  the  carholic  iddlH 
disadvantage  of  the  odour  Tvhieh  adheres  to  the  rlothee.  ChkknilaBi|H 
is  ttko  mixed  with  eawdust,  atid  ia  mmlemtely  efficacious.  ^H 

6.  In  (Germany,  Siivem's  *ieijdorisi?r  (a  mixture  of  lima,  '"'f^l 
chloride,  and  coaJ-tar)  is  much  used.  The  Miiller-Schiir  dctoderiaer  iH 
pc^ed  of  100  %  of  lime,  20  Ih  of  pnwdered  wood  charcoal,  lU  %  |H 
powder  or  sawdust,  and  1  Iti  of  carb>lic  arid  containing  60  to  70  perflH 
r»?al  acid.  After  mixing,  the  mass  i^  put  under  cover  for  a  night  k*  i^ 
any  chance  of  Si^If-combustion,  and  wh«m  it  is  dry  it  is  pai!ked  in  bfl 
Liieder  and  L«ndlotFs  powder,  consisting  of  ferric  sulphat^^,  ferrous  s^fl 
calcium  sulphate,  and  a  little  free  sulphuric  acid,  is  also  much  nsed.^ 
moderate  ly  sue  cessf  ii  L 

Arrangement  of  Ciomis  on  ihe  Drj^  P^un, 

As  the  excreta  after  being  mixed  with  the  deodoriser  are  in  nuivt 
for  some  days  or  even  weeks  close  to  the  haus<_%  the  same  rules  m  %u 
and  constniction  of  closets  should  be  employed  i\s  in  the  ej4«e  of  wal 
The  closet  should  never  be  in  the  bast^ment,  but  in  the  roof,  or  bettci  ilil  • 
a  detached  building  or  senii-ch^acheit,  and  with  thorough  ventilation  beiitf 
it  and  the  house  ;  there  should  be  a  jupe  le^iding  at  once  to  the  outer  air 
the  closet,  and  one  from  the  receptacle. 

The  receptacle  itself  is  usually  movable ;    hut  if  not^  it  should  be 
carefidly  cemented  so  that  no  leakage  may  occur. 

With   these  prec4iutions  no  odour  will   be   perceived  ;    but  it  i^  ftilJ 
desirable  that  the  n>moval  of  the  soil  should  be  as  frequent  as  ponifak    Ii 
country  houses  there  is  no  difficulty,  hut  in  towns  the  removal  can  seUiAti 
moi-e  frequent  than  onc^  a  week,  and  oft^ni  is  only  once  a  month- 

llie  forms  of  the  closet  itwlf  are  otimeroua     Those  applicable  to  tlu 
plan  have  been  already  noticed.     Ccdonel  Synge,  RR,  has  j^tentf^  a  eloi^ 
for  Mr  Stanford's  charcoal  process  {the  Alver  api>liiince  for  drj'  deodctfiali^ 
In  Germany  and  the  north  of  Europe,  where  the  dr^"  n>moval^  but  witW 
admixture  with  deodorant  powders,  is  in  much  use^  there  are  varioujs  tM^ 


^  Two  objections  havB  liijeu  made  to  the  dry  (wrtb  system  ;  1.  It  is  alAwl 
get  rill  of  4  certain  nnioutit  of  snielJ,  even  with  dtodoTfmtM.    2,  Tb«  pruiiud  b  not 
ttbk.  aecoTtling  to  Dr  Oilbfirt's  aoAl^sis,  not  so  vnhrablfl  ns  good  gudm 
ea.rth  liaa  be«n  twice  used.    The  cluuf  value  i&  tlierelore  a  unitary  oae. 
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I  in  which  the  urine  and  twees  are  Beparnted,*     The  **  air^closet  *'  of  Mehlhoiise 

I  is  sjiid  tn  be  a  good  arrangement  for  houses.     The  uriiw  nms  into  a  pon'clain 

I  funnel  fixed  on  the  front  wall  of  the  pan,  and  then  into  an  iron  vessel,  from 

■  wkich  it  can  n*adily  Iw  removed  tliruugh  a  valve  ;  the  solids  fall  into  an  ii*on 

"  tiiele  at  the  back  part  of  the  pan.     A  dischaj^  tube  pasy^iea  from  the 

'  ;ind  top  part  of  this  receptacle  into  a  chimney.     Two  openings  in  the 
wall,  which  can  be  closed  by  valves,  can  be  used  aa  iidets  for  the  air. 

^  ttoppr  with  charcoal  or  dried  earth  were  attached  to  this  cloeet,  it  would 

1  be  almost  identical  with  Taylor^s  improved  doaetf 

I  Carbonijfati'orL 

I  In    1869,  Mr  HickeyJ    of  Darjeeling    (i>engal   Presidency)  propcjsc^i  to 

I  carlKinise  the  sewage  in  retorts,  either  with  or  without  previous  admixture 
L  with  charcoal  Alnioet  at  the  same  time  Mr  Stanfoni  §  prt>posed  the  plan 
V^llTeftdy  referred  to,  of^  the  addition  of  sea-weed  charcoal,  and  suljsequent 
'     distillation. 

In  India  the  difficulty  of  obtaining  a  remunerative  price  for  the  ammoniacal 
products,  and  the  large  cost  of  the  apparatus  necessary  for  working  the  plan, 
W  been  unfavourable  to  its  success.  Dr  Macnaniara  of  Calcutta  gives  the 
following  analyses  of  the  products  of  the  carbonitiation  :- — Ix/,  Gas  (viz*, 
hydrogen,  35 '36  ;  marsh  gas,  31*28  ;  oletiant  and  other  heavy  hydro-earbona, 
2*4;  carbonic  oxide,  21*74;  carlxniic  acid,  9,  and  a  tmce  of  idjosphoretted 
hydjTigen  in  100  jmrts).  2(1,  Tar-Eke  stuff,  the  so-called  ^^ligbUiils."  3<^, 
Ammoniacal  litpiid.  4/A,  Residuum  of  aninuil  charcoal,  wbit;h  rendered 
]iiodon>us  an  equal  weight  of  excreta.  Alxjut  120  lb  of  coke  were  used  to 
bum  I  ton  of  the  niixe^i  excreta.  Carbonisation  is  now  being  tried  in  this 
country,  and  may  possibly  be  commercially  auccessfuL  Exy»ericn€e  only  am 
show  if  it  is  so,  hut  if  it  will  return  a  profit,  there  can  be  no  question  that  it 
is  an  excellent  phm  in  a  purely  sanitary  point  of  view.  The  chief  money 
difSculty  in  the  process  is  the  large  amount  of  water  wliich  hiis  to  be  driven 
ofli  which  greatly  increases  the  expense. 

In  Manchester  Fryers  patent  method  is  in  operation,  and  it  is  now  being 
ipftied,  in  whole  or  in  part,  at  Birmingham  and  at  Leeds.  It  consists  of  a 
Deftmctor,  which  reduces  to  slag  all  the  mom  bulky  tuwn  refuse^  such  aa 
CilldfllB  mod  ashes,  brt>keu  earthenware^  and  glass,  which  cannot  be  tlealt  with 
€Xteipi  by  being  accuniulatt^d  in  a  rubbish  heap.  This  slag  is  ground,  mixed 
with  lime,  and  sohl  as  mortar.  The  apparatus  is  so  arranged  that  none  of  the 
beat  is  lost,  while  the  heated  products  of  combustion  pass  over  fresh  portions 
of  material  and  prepare  it  for  combustion.  The  mass  is  reduced  in  bulk  to 
oDe-tbird.  Other  refuse,  such  as  cirndt-mned  fowl,  vegetable  garbage,  street 
sweeping!!,  and  the  like,  are  rf*duc<xl  to  charcoal  in  another  apparatus  called 
the  Carboniften  The  carbon  thus  pr<jduoed  is  used  for  disinfecting  purposes^ 
for  deooloriaing  the  waste  wat^er  from  factories,  &c.  The  excreta  proper  it  is 
pcopoasd  to  collect  in  pails  and  reduce  to  small  bulk,  by  drying  in  a  dosed 
tpfwirilQiB^  called  the  Coucretor;  the  ammonia  being  fixed  by  the  sulphuric 
mM  fames  produced  by  the  other  processes.  By  this  means  the  contents  of 
tlie  pails  are  reiluced  to  one-twelfth,  and  a  valuable  manure  obtained,  which 
may  be  either  in  the  form  of  poudrette  or  mixed  with  a  little  charcoal 

*  Roth  Slid  Lex  (op,  cit,  p.  454)  give  a  good  description  of  these.  See  also  for  some  snod 
f«3Ji«rk4«  Pettenkoffot'a  paper  on  the  Sewerage  of  MIe  (ZeiUich.  fiir  Biologie,  band  iil.  p,  *2!i3). 

t  Dr  Bood  UaA  also  fsTented  a  good  form  of  self-ati^ing  doyet,  which  tit^paratus  the  nrine  and 
fneea.     At  Manchester  and  Solfoid  the  cinder  sifting  closet  of  Mr  Morreil  is  in  u»e. 

t  The  CarboniaatioQ  or  Dnr  DiaidlUtion  System  of  Conservancy,  by  W.  K  3.  Utckej,  C.El ; 
win  a  note  fin  Dry  Sewage,  %  F,  J.  Moaat,  M.D..  Darieeling,  186&. 

I  A  Cbemiat*!  view  of  the  Sewage  Question,  Chemical  News,  June  to  October  18<S9. 


8iiffid€^nt  to  clmw  the  excrpta  tnroiign  tne  tuDes  wita " 
pliiu  has  bwm  trit^il  oil  the  siiifill  st'jile  at  Pra^ie,  Itotter 
Ley  den,  iiiul  Ilaiiau,  iilso  at  iSniirn,  Olmut^z,  aud  St  Ve^U 
opinions  concerning  it  are  very  vai-iniiB*  In  Prague  the  jt 
whole  imfavoumMe ;  in  Hanau  the  ivpnrtof  Virt^bow,  Mai^ggmf,  n 
is  also  not  vorv  luncli  in  fii\^onr  of  the  plan.  While  in  s*>mc  of  < 
action  was  satisfiictorj,  in  others  th(*rR  wero  purtiouH  of  ft^ecal  ma 
to  the  sides,  and  in  t>ne  tulie  then^  was  retlux  of  olfensivt*  g8& 
the  same  plan  l\y  a  deput^ition  from  Frankfort  is  more  fnvu 
Amsterdam,  the  LitTnnr  systeiii  ha^  Ix^en  in  use  in  two  sliv*^! 
1871,  and  in  Leyden  since  Septtniiher  187L§  In  Anifiter 
are  dimbtful  ;  soniB  reiliix  of  f^'as  and  Home  adherence  offvecal} 
of  the  tube  19  not^jd,  and  in  the  syphon  all  ohservors  agr*3i?  that 
of  faeces  and  urine  reraaiuB,  Ciu-e  uu  the  part  of  iiih>iT>itaDt8>, 
sonu3  of  the  tnhes  with  a  small  quantity  of  water,  ap}»ears  to  1 
necessary ;  and  in  times  of  ej^idcniics  disinfection  xxiiuft  al^>  h 
opinions  of  Scliroler  and  Lorent  appear  finally  t4>  be  tlmt,  whi 
can  haixlly  he  ret  om mend r^d  for  hospitals,  aud  in  fact  is  jierha 
genemlly  rc('omniend<Ml,  there  may  be  localities  where  it  can  be  <ui 
used,  as  in  low-lying  marshy  places,  where  irrigation  of  water  a 
bo  used.  It  is  agi\^ed  by  all  that  it  cannot  render  sewers  unneceaa 
not  seen  tliis  system  in  o[K:*mlii>n,  hut  the  eflK't  produced  upon 
reading,'  the  n^ports  ib,  that  it  is  lej*8  simple  and  less  efiit:»ieiouslba] 
plan  of  dry  removal  after  admixture  ^nth  deodoi-ants^  but  thai  it  i 
worked  than  was  auticipat^id.]] 


•  The  Sewftgo  Question,  by  F.  C.  Krfpp,  Lrmilnu.  1867.  This  book  wwi 
pnrpoiiQ  of  hanging  the  Lieniur  plan  before  Uw  public,  and  some  parts  ol  t| 
wito  Hmltfttion.  

+  Dt'utaclie  Vierteljnbrs.  fUr  iilleiitl.  Gesuiidsheitspfl.  huA  iii.  p.  313  (If 

Z  IHi*l.  band  iii,  p/312. 

§  Hrport  of  KaulT  and  E^«er  in  I>eutKche  Viertelj,  fiir  ofT.  Gc«iiii_, 

316.     Tbese  gintltijnon  were  .sent  fioin  HLiilelbiir,;  to  investigate  the  p1aii«  J 
Schroder  and  Lort-Dt  (Ibid,  band  Iv.  j>.  4StJ).     In  tbia  lluport  is  a  ^XKi  ( 
accoiuit 

II  Since  tbiH  wm  written,  Ballot  {Mwlicul  Time*  and  Gazette,  15th  Fefc 
mor»  favooTAbly  of  it,  and  confiidera  it  to  h»ve  been  &  decided  aiic<«6si 
Leyden.     Gori,  on  the  othei-  band  (Med.  Timeit  And  Oiiiette,  Sth  Msreh  11 
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^^^^  CuMPARlSON  OF  THE  DIFFERENT  ^IeTHODS. 

^^■ich  ciJiiti'iivoTsy  haa  arisen  on  this  point,  thoupjh  it  dues  not  appear  that 
^^■ttestion  of  the  lx*stini>de  of  r*3m(jving  i^xc rut ii  ii*  really  a  very  (hlii cult  one. 
^^■simply  out*  whit;h  i"innot  be  always  answeix^l  in  the  same  way, 
^^Kirill  pn(l>Lihly  h*3  a^jt^ed  by  all  that  no  lai'^'H  town  can  exist  without  BCiwere 
^^Kry  off  thefocil  house  water,  some  iiriae  and  trade  products,  und  that  tliis 
^^V  water  must  1>l*  purihed  before  diiichar^^e  into  atreains.  The  only  ([Uc.'ition 
^^Biether  ffecal  excreta  abould  also  pusn  int<)  the  sewers. 
^^B Trill  also  bts  no  doubt,  admitted  that  no  argument  ought  to  ht^  drawn 
^^■ist  sewers  from  imperfection  in  their  constr^ictiom  The  advocate  of  water 
^^■^^  of  8i)lid  exci-eta  can  fairly  claim  that  his  ai-giiment  pni-Hui)posea  that 
^^^^■jliB  are  laid  with  all  the  precision  mul  ]iiiH*auti<m  of  modern  science  ; 
^^HBlioiiseEt  are  thoroughly  secured  fnan  rellux  of  sewer  air  ;  that  the  water- 
^Hw0  or  wat^r-troTighs  are  propH^rly  used  ;  and  tliat  the  other  conditions  of 
^^Bient  water  supply  and  power  of  disposal  of  the  sewer  water  are  also  |ireseut 
^Hpe^e  conditiims  are  fultilleil,  wtuit  reason  is  there  for  keeping  out  of  the 
^^■r  water  (which  luust,  under  any  circuinBtance  of  urban  life,  he  fuul),  the 
^^m  excreta,  which,  after  aU»  cannot  add  very  greatly  to  its  ijupurity,  and  do 
^^KBomi^tbing  to  its  agriculiund  value  ? 

^^pial  it  is  not  the?  solid  excn^^n  alone  wliieli  cause  the  dilticidty  of  the 
^^WRil  of  aewer  water  is  sct-n  from  the  case  of  Birmingham.  Tliat  city  is 
^^Kred;  it  contains  nearly  35U,  UOOiuhabita tits,  and  is  in  the  greatest  di Hi cidty 
^^m  tii  dispense  of  its  sewer  water  ;  yet  the  solid  rxcn^ta  of  only  20,000  persons 
^H|  into  the  aewers,  while  the  solid  excret-a  of  ^^25,000  pei-sons  am  reeeived 
^^B  midilens.*  Tlie  proldem  of  <iisposal  is  as  serious  for  Binninghani  tis  if 
^^ue  excreta  passed  in. 

^Bhet  great  difficulty,  in  fact^  consists  not  so  much  in  Iheeiitmnce  of  the  solid 
^Hleta  into  sewers,  as  in  the  immense  quantity  of  water  which  has  to  he 
^■bosed  of  in  the  case  of  very  large  inland  towns  with  waU^r-closets.  If 
^Har-clcisets  are  not  used,  the  amount  of  wat4ir  supplied  to  towns,  and  that  of 
^Hbt  water,  are  considembly  lessened. 

^HU>oking  to  all  tlie  conditions  of  the  proldem,  it  appears  to  me  tliiit  it  is 
^HN:issible  for  all  towns  to  have  the  same  ]dan,  and  the  circumstances  of  caeh 
»wn  or  village,  must  he  constdea^d  in  det^^nuiniug  the  best  method  for  the 
tiemoval  «if  excret4L  Lon<lon  is  pirticidarly  well  adapted  for  wat-tT  sewerage, 
on  tiiM'ount  of  the  conformation  of  the  gi'oiind  nctrth  of  the  Thames,  of  the 
TiTiinbi  r  of  stn^ams  (whicli  have  all  l>een  converted  into  sewers),  and  of  the 
live  facilitj^  of  gi.dting  rid  of  it^  sewer  water.     The  same  may  be  said 

:  po<d  and  many  other  t*>wns.      In  Birmingham,  on  the  other  hand,  the 

jinlAnd  position,  the  |)riee  of  lan<l,  and  the  eomjiarative  dithculty  of  getting 
water,  seem  to  Hinder  other  plans  moii3  ilesimble.  If  it  had  been  jMiissible, 
lyeurs  ago,  to  act  with  our  j>riiseiit  knowLdge,  and  to  devise  a  scheme  for 
iBirminglmio,  it  would  have  been  Wst,  1  believe,  to  have  taken  the  rainfall 
[into  the  Rca  ;  to  have  had  the  sewers  merely  ft>r  houaeand  tmde  water  (which 
hi  liave  given  a  manageable  amount  for  Jiitmtion  through  Lind) ;  auil  to 
intri>luced  the  charcoal  or  some  similar  deodurisiug  dry  jdan  for  the  solid 
eta,  and  for  a  part  of  the  urine,  with  short  periods  of  ii^iutovfd. 

fin  many  t^iwns  whent  land  is  more  available,  the  immidiate  a]iplication  to 
either  by  filtration  or  irrigation,  may  be  evidently  intlicat<'d  by  the 


I  •  Eeport  of  the  Bimitnglmm  Sewatje  Inquiry  Committee  (1871),  Swtnmar^,  p.  IL  Itslioiilrt, 
liowtver,  bn*  rt'Wed  that  two-tbinlH  oftln^  mi'lilent  rlmiu  intfj  i)w  sewera,  i.e.,  allow  urine  aud 
iome  diJMnent  ftcciil  mntter  to  nax^*  In.     In  1875^  128,51*2  tons  of  mklden  refuse  were  rumored 

I  itkl  *cui  to  Ci)(mtiy  dtipOUij  lo  do  afterwanls  dbpoaed  of  to  fumi«r&. 


398 


BEMOVAL  OF  EXCRETA* 


comlitions  of  tlie  case,  wLile  in  otliers  precipita 
to  Ijt'fore  application  to  liintL     It  does  not  appear  I 
all  eases  ppt^cede  irrii^^ation  or  filtration,  tbough  i 
suspended  matters  is  uecesaii^}^     Tliere  maybe 
the  impossibility  of  getting  water  or  lanfl  may  ne 
dry  removal ;   and  this  is  especially  the  ca^e  viifi 
where  the  exponae  of  good  sewora  and  of  a  good 
as  t*:)  render  it  impossible  to  adupt  removal  by 
said   that,   in   smiill    towBs   in   agriL-ultaral 
properly  carried  out^  will  be  the  best  both  fo 
land. 

The  view  here  taken  that  no  single  system  ( 
ciri'umstances  of  every  loeaUty  must  guide 
between  opposing  plans,  but  is  simply  the 
fiirced  on  ns  by  the  facts  of  the  case.     It  do 
aireiidy  come  to,  that  where  circumstances 
execution,  the  water  sewage  plan  (with  or  wif 
the  best  for  latg^  communities. 

SECTION  n^ 
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DEODORISATION  OF 

Under  the  b<*adings  of  "  Precipitation  of 
the  chief  deodorisers  have  been  noticed,  hy 
recapitulation* 

StTB-SBCTTM 

Avery  great  number  of  substances  1i 
purpose   of  preventing  decomposition  au 

pounds. 

L  Chnrcofd — ^ which  aoon^  hmvever,  gil 
not  nearly  so  useful  when  uscmI  in  thi:^ 
Sillar's  preparation  (the  A,  B,  C  dendoi 
blood,  day,  and   alum  refuse.     Messrs 
process. 

2.  Drj/  emi\  especially^  as  already  w 
effect  is  similar  to  churuual,  but  it  is  not 
tion  is  ferrugincius  clay  moistcnetl  with 
pulverised.     It  is  said  to  have  a  good  e!! 

3.  QfticMime  is  si>rinklod  over  the  8. 
added  to  sewer  water,  in  pro|iortinn  alnu 
a  clear  fluid  above.     This  is  cbiefly  vjw 
salt^  by  union  with  carbonic  and  phospl 
down  the  suspended   matters.     Tli- 
sulphide,  which  remains  in  the  8U| 
Tlie  potash  salts  remain  in  the  linuid.      1 
in  tlie  piHi^cipitate,     No  orj4flHic  matter  . 
The  solid  deposit  \m»  little  value  as  raani 
prtn^ent  the  subsequent  decomposition  of 
and  as  the  calciiuai  sulpliide  easily  decomn 
liable  to  Ih5  again  set  fi-ee  from  the  clear  fl 

Tlie  pr<*cess,  though  simple  and  cheap, 
tion  of  charcoal  to  the  hme  does  not  mater 
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ion  on  fermentiug  liquids  ;  and 
cni  dejesctions^  either  alone,  or,  as 
.'hieh  will  not  be  acted  on  by  the 
also  beon  recommended  to  mix  it 

acid  (phenol   or  phenic   acid, 
ita,  and   creaylic  acid  (cresol  or 
xtures,*    These  substances  are  all 
of  putrefaction, 

ordinary  development  in  the  manu- 

arbolic  acid  is  now  obtained  in  great 

I  a  liquid  form.    All  the  preparations 

hree  divisions  of  cry  stale,  liquids^  and 

\ss  pure,  is  the  only  substance  under 
in  water  that   it   is  not   so   useful 

rbolic  acid  m  slightly  sokUe  in  water 
,  l^Tien  mixed  with  sewage  it  acta 
jier  kinds.  When  exposed  to  the  air 
to  the  air,  and  la  then  supposed  to  be 

less  impure,  dissolved  in  water,  simply, 

Acid  (cresol),  forms  the  liquid  carbolic 

1  fdmost  colourless,  or  highly  coloured, 

I  90  per  cent  of  phenol    Cresol,  though 

%  m  usually  found  in  the  market  as  a  dark 

«  m  moat  samples  of  carbolic  acid.    Owing 

iice  with  the  sewage,  the  liquid  acids  are* 

I  acid,  and  restrain  putrefaction  for  a  long 

not  act  oo  sulphuretted  hydrogeUj  though 

produce  it 

•  i  are  sold,  which  are  only  impure  tar-oils, 

jg  power.     Some  times  a  nauseous  sulphur 

J  rules  in  order  to  determine  the  presence  ot 

liible  in  from  20  to  70  parts  of  water,  oris 
^  tic  8odi%  while  oil  of  tar  m  nearly  insoluble, 
^    be  increased,  some  remains  undissolved 

t^aapoonful  of  the  carbolic  acid  in  a  bottle, 

^<^T^  and  shake  the  bottle  at  intervds  for  half 

'''^sidue  will  show  the  impurity  j  or  dissolve 

^    of  warm  water,  and  shake  it  up  with  5 

^jre^  the  residue  will  show  the  amount  of 

t*4r  oik  have  been  used  as  adulterants,  but 
^ists  of  a  mere  solution  of  cm^bolic  acid  in 
^^^B  eulpho-carbolic  or  sulpho-cresyUc  acids, 

»«M»^*  j^*>d.  creaol,  which  are  nther  alcohols  than  acidB, 
.    X     mT-Z^^  •cids.    If  the  terma  pheuol  aud  cresol  could  be 
^«  thooght  it  better  not  to  abandon  at  present 

^  •     Carbolic  acid  can  be  distinguished  from  creosot 
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amount  of  t\m  is  small,  and  ni  it  fmlls  ^tli  Ui^  i 

8.  Liu'di't   and   Ltidhff^s  pmrdrr  consists   («ciH>Min^ 
analysis)  of  feme  stilplialCj  36  p^r  cent,  ;  ferrous  sulphate, 
ttcKit  4  ;  rrilcium  aulphtiti?  and  other  «nl>st4UK"es,  44.     Itbl 
tnendetl,  but^  from  fxpbrimente  mnde  at  Xptk^y,  U  dfx»5  not 

9.  Lnad  Xftraff,  or  LtidufjfH^H  Fluids  is  matle  by  dissol 
in  about  7  ounces  of  stTc»ng  nitric  acid  ami  2  jp;uUous  nf  m 
water  is  mixed  with  the  litharge  ;  the  acid  18  gra<lually  i 
rest  of  the  water.  This  quantity  will  deodorise  a  nioiiem 
acts  rapitUy  on  gulpharetted  hydrogen,  and  can  be  dep* 
purpose* 

10.  Zin^^   Chlotitie. — Burnett's  fluid  cont-aina  23 
dniehm  ;   1  pint  is  added  to  a  gfiUon  of  water  (1  to 
deconijtose  sulphuretted  hydroj^en  until  the  aoluiion^ 
at^titm  ci'iisf's  ;   but  Ilofmarin  fiuiU  that  it  do«AS  not  act 
hydroireu,  hut  on  amuioniuni  sulphide^  forming  zinc  sulj 
c}ilr>rido.     It  destroYB  tunnioniacai  compounds*  and  orjg^ai 
phatea  of  zinc  and  cojiper  decompose  free  ^ulp burette 
tion  of  metal  He  stdpbide  and  waU>r. 

Burnett's  fluid  delays  decomposition  in  eewaf^e  for  \ 
the  acidity  of  urine  ;   but  a  very  pectdiar  odour  is  giv< 
some  chan*(e  is  goiujyj  on.    A  good  eilect  is  produced  on  ei 
by  a  mixture  of  7in<*  and  ferrous  sulphates  {Larnaudi*8* 
leasena  for  the  time  the  pciuliar  sewiirje  sraclL  ^m 

11.  Zinc  Siil/>hafe. — This  forms  part  of  the  UruverBjH 
(Ltingaton-^Jones'  patent),  along  with  Coojx^r's  salta,  viz., 
cHorida     This  powder  has  the  advantage  of  bt'ing  inodo 
strong  demlorant.     It,  however,  gets  rid  of  fajcal  odou 
effir^icious  agiiinst  Jlji. 

12.  Potagsimn  pf  rwnnijanate  prevent.s  putrefaction  fo 
removes  the  odour  from  putrefying  sewage,  but  it  reqniwi 
quantity.  It  haa  bi-cn  proposed  to  use  it  and  ferrous  snip 
and  then  to  restrain  alkali uity ;  the  way  of  doing  thia  ia^ 
ate  to  the  aewa^fe  ^.rst  and  let  it  oxidise  oa  far  as  it  eaaH 


t  act 
e  sulj 

orjg^ai 

ir  soH 


BEODORISATION  OF  SEWAGE. 


401 


daodomnti  ft  Ku  oertainly  a  considerable  action  on  ff?niieTitmg  liquids  ;  and 
it  might  be  iiseful  to  tr}^  its  effect  with  cholera  dejections^  either  alone,  or,  aa 
KiiiiQe  reconimenda,  with  fvnie  stilpbato,  wkLcb  will  not  bo  acted  cm  by  the 
pennanganate  like  the  j^reen  vitriol  It  has  alao  been  recomin ended  to  mix  it 
with  chloride  of  socIh  sohition. 

13.  Pepsimtione  from  ctMil-tar ;  carbolic  acid  {phenol  or  phenic  acid, 
or  phenyl-alcobo!  (Cj^H^O)  ) ;  cofd4ar  creai^ote,  and  crc^ylic  acid  (cresol  or 
cmTl-nlcohol,  (C-IlmO)  )»  in  various  admixturt?8.*  The^e  substances  are  all 
(excellent  sewage  de^xloranta  and  arresters  of  putmfaction. 

The  lost  few  yenra  have  seen  an  extraonlinary  lievelopment  in  the  manu- 

IWcttire  of  the«e  substances.     Phenol  or  carbolic  acid  k  now  obtained  in  great 

parity,  and  is  sold  in  crystals,  and  also  in  a  hquid  form,    AH  the  pre]}anitionB 

!>e  conveniently  claased  under  the  three  divisions  of  crystals,  liquids,  and 

^       ■■  ■  I'.TS. 

{ti)  Crt/i^ah. — ^Carbolic  acid,  more  or  hm  pure,  is  the  only  substance  under 
this  he^Ml  ;  it  is  so  shghtly  soluble  in  water  that  it  is  not  so  useful 
as  a  deotlorant  aa  the  impiirer  kind.  Carbolic  ficid  is  shghtly  soluble  in  water 
in  the  proi>ctrtion  of  about  5  per  cent.  When  mixed  with  .sewage  it  acts 
nlowly  and  not  so  pt^rfectly  m  the  impurer  kinds.  When  exposed  to  the  air 
it  lifiuefiea,  and  is  slowly  given  out  into  the  air,  and  is  then  supposed  to  be 
itjsef ttl  sa  an  air  purifier. 

(h)  Liqnufiit.-^M'hoVm  acid,  more  or  less  impure,  dissolved  in  water,  simply, 

or  with  a  little  alcohol  and  cresylic  acid  (cresol),  forms  the  liquid  carbolic 

Acitls.      In  the  market  they  are  found  almost  colourless,  or  highly  coloured* 

Thf  \^irious  hquidi*  ci>utain  from  10  to  90  per  eent.  of  phenol     Cn^iMjl  though 

tiline  and  colourless  when  pure,  is  usually  found  in  the  nuirket  ob  a  dark 

,  :  i.  Some  of  it,  no  iloubt,  exists  in  most  samples  of  carbolic  acid.  Owing 
probably  to  the  way  they  mix  at  once  with  the  sewage,  the  liquid  acids  are' 
ZDore  deodorant  than  the  crj'staliised  acid,  and  restrain  [>utrefaction  for  a  long 
Ijine,  Carbolic  acid,  however,  does  not  act  on  sulphuretted  hyilrogen,  though 
it  will  restniin  the  processes  which  produc*  it. 

Samples  of  &CM!alled  carbolic  acid  are  sold,  which  are  only  impure  tar-oik, 

id  almost  destitute  of  deodorising  power.  Sometimes  a  nauseous  sulphur 
compound  is  also  present. 

Mr  Crookesf  gives  the  following  rules  in  order  to  determine  the  presence  ot 
tiie  tar  oils  : — 

"  Commercial  carbolic  acid  is  soluble  in  from  20  to  70  parts  of  water,  or  in 
twice  ita  bulk  of  a  solution  of  caustic  soda,  while  oil  of  tar  is  nearly  insolulde, 
bot  if  the  amount  of  carbolic  acid  be  increasetl,  some  remains  undissolved. 

**  To  apply  the  teste— L  Put  a  tesisfMxmful  of  the  carbolic  acid  in  a  botth?, 
pour  on  it  half  a  pint  of  warm  water,  and  shake  the  bottle  at  interv^als  for  half 
an  bonTf  when  the  amount  of  oily  residue  will  show  the  impurity  j  or  dissolve 
one  part  of  caustic  soda  in  10  parts  of  warm  water,  and  shake  it  up  with  5 
partB  of  the  carbolic  acid*  As  before,  the  residue  will  show  the  amount  of 
tmpnrity. 

"  These  tests  will  show  whether  tar  oils  have  Ijccu  used  as  adulterants,  but 
to  afioertiiin  whether  the  liquid  consists  of  a  mere  solution  of  carbolic  acid  in 
water  or  alkali,  or  whether  it  contaiuB  sulpho-carbolic  or  sulpho-cresylic  acids, 


•  It  b  perhcipf  nnforttuute  that  phenol  and  cresol,  which  are  rather  alcohols  tlian  adds, 
Aomldl  ha?e  h««ii  ttrmtd  curboUe  and  ert^ylic  acids.  If  the  i^rms  pheuol  aud  crojiol  could  be 
owl  inalead  it  wrmUl  be  better.  But  I  hare  tlio  tight  it  Ijetier  nnt  to  abandoa  at  preaenl 
tamu  whkJi  have  ^  into  general  tiAe. 

t  Third  Report— Cattle  Plaffoe  Commbsion.  Carbolic  acid  can  he  diatinguiahed  frora  oreoAOt 
by  Its  eolabLlity  io  glycftiioo  (MonooK 
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pn>portions  of  common  siUt,  Bill' 
Cihitiriue,  wlum  diseiigagod,  sh-  * 
nut  very  tb'li^ih^sceiit  sub?' 
is  formed,  wliidi  c?an  be 
this  ^yay,  is  £'2,  7s.  per 

The  pemhkfride  act/ 
both  cases  eettiiig  fre^ 
of  ammonium.  ^ ' 

OT»jet'tioiifi  hare 
the  amount  of  tb 
to  be  dangerous 

andyHiH)  of  f^ 
acid,  4 ;  cali 
mended,  bv 

9.  Ltai 
in  alioul' 
water  ' 
rest  o' 


■liy  of  tb^e,  atnl  tbe  iftio\ubi\^^ 
/n  tbis^case  proceni  ?u*  iAkiwt 
,  r  U\steil  in  a  Inittle,  ami  ^*vai  on  V^ 
I  r  part  "       ~ 
with  litimis 
j'jihf>-acidfi  ; 
nsrd  ius  a  solvent'* 
J I  ijiis  t<i  b»^  «Astimiit4?d  from  a  Hqiiui  lii 
ifjire.     Carbolic  acid  boils  at  184'  C  («3 
.;^7'4  Fabr*) 
:;^X  J  part  is  mixed  with  50  or  100  of  watet; 
^v'  ai'id,  and  thrown  down  drains  or  into 
,  ;(ian  over  dung-heaps. 
\\\M  princiiml  carbolic  acid  powders  are  M*Doug»ll*8  sad 
w  several  others  in  the  market  known  under 


iteil  in  a  Inittle,  ami  ^*vai  on  V^  ^^ 

rt  dissolves,  it  is  a&  ailulteT*\*;A  V^ 

.mils  paper ;    if  *tT»>Ti;^\y  vAA,  tt  V 

,  ;  whilst  if  alkaline,  it  iriil  ^%  \ 


tttioa     ^1 
alkifinjB 


put 


^^\  Calvert's  powdeis  are  widely  different  in  compoetti 

],  5tmngly  alkaline  from  lime,  and  makes  the  sewiigie 

'  iN>ut  33  per  cent,   of  carbulate  of  lime  and  59  per 

1'  sia,  the  rest  being  water. 

V.  l«r  18  carbolic  acid,  about  20  to  30  percent.,  mixed 

\''  f^-}\\\  jdum  works,  and  some  silica. 

^j^iiantity  of  these  jireparations  which  must  be  nsed  depends  cm  tk 

^ 0^  duration  of  tleodoririWLtion  wished  for.     For  the  daily  solid  cjtcn;! 

•*rjt^)  of  an  adidt  at  least  from  30  to  70  j^'raius  of  the  cry8tAUisf*d  nd 

.;'  /^^ps  of  the  strong  liquid  (90  per  cent,  of  acid),  or  \  ounce  of  the 

,  \\c  acid,  8old  at  Is.  per  pint,  are  netieasary,  if  the  sewage  is  to  be  kept  ii 

•  Jtered  state  for  10  to  20  days,  but  a  smaller  amount  is  sufficient  for 

^^diiys,*     Dr  Sansom,  who  doe«  not  rate  the  effect  of  carlwlic  add 

"^i^l^  as  a  deodorant,  also  tinds  that  nnich  larger  quantities  must  be 

^lin  is  usually  stated  {up.  cii.  p.  203).     Half  an  ounce  of  eitli^ 

][f<Doiigall*a  powder  for  4  ounces  of  sewage  has  a  preservative  t 

SO  days ;  \  ounce  or  le«d  is  eflectual  for  3  or  4  days,  bat  if  the  stook 

urine  uiiich  more  is  necessary. t 

Hmaller  quantities  can,   however,  be  used,  if  diminution,  but  not  entot 
removal  of  smeU  and  putrefaction  is  ilesired.     Quicklime  5  parts,  and 
acid  1  part,  make  a  good  deodorising  fluid.     If  bydn:)chloric  acid  b 
and  then  water,  the  lime  ia  deposited,  and  the  carbolic  acid    floats 
surface,  and  its  amount  can  be  determined. 

14.  TliG  Silveni  Deodorant — The  water  flowing  from  sugar  factomt  liii 
long  been  a  source  of  annoyance  and  ill-health ;  it  contains  quantltlai  A 
vegetable  organisms  {OMullaria  alba  or  Beggintoa)^  which  act  like  femieo^ 
and  rjipidly  docom[>ose  the  sulphates  in  the  water,  and  liberate  sulfiimxettid 
hydrogen.  Herr  Siiveni,  to  remedy  this,  proposexl  a  preparation  ol  ooa]*lH 
thus  prepared.  {  A  bushel  and  a  hjjlf  of  gowl  <[uickhme  are  put  in  a  oade  «al 
slaked  i  it  is  well  stirreil,  and  1 0  %  of  coabtar  are  thoroughly  mixed  mlh  it, 
so  that  the  coal-tar  may  be  thoroughly  divided,     Ffteen  |x>und8of  mii^rsium 


*  See  mv  eiperinients  in  the  Arm^  Meditml  Depirtmeut  R«port»  vol,  viii  p. 

+  Dr  Joiin  Day  (of  Geelotig)  publisli&il  a  paper  in  tbi-  -1  tisirijlum    V 
1874).  on  th«  conipamtive  value  m  4im\UclAnU  of  caHjoHc  a*iil  ai>  i 
gnmjiene  an<l  kcrcMicne-    He  prefers  gasolene,  and  finrls  it  njj«y  bv  n^ 
niniitMret  clothhig,  and  (Mooring.     It  must  lie  used  with  cantion  n^ar  UgUtft^  s 
fiantniaMe.     Br  Day  attributes  iU  action  to  itJ  strong  oxidising  brnjitirttes ; 
ever  with  it  givn  the  reaction  of  peroxide  of  hydrogen  nfUr  more  tcaa  i  yttf. 

t  Trautmsn,  Die  ZerietzungHgaae,,  Ib^,  p.  35. 
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in  hot  water  are  then  thoroughly  mixed  with  the  mass,  and 

water  is  added,  sufficient  to  make  a  mass  of  just  sufficient 

wly  from  a  stick  inserted  in  it  and  then  pulled  out     The 

le   forms  deliquescent   calcium   chloride,  magnesia  being 

is  found  that  this  prevent«  the  caking  of  the  deodorant  and 

pij)os.     This  deodorant  has  come  into  considerable  use  for 

'rains,    &c      The   Miiller-Schurr  deodoriser    has  been   already 

F.  T.  Bond  (of  Gloucester)  has  introduced  a  new  deodorant  in  the 

'  powder  and  liipiid,  consisting  essentially  of  metallic  salts,  alum,  and 

ene  (a  hydrocarbon  derived  from  turpentine  by  treatment  with  sulphuric 

L)  Terebene  has  a  pleasant  odour,  and  so  far  is  superior  to  carbolic  acid  : 
its  deodorising  powers  are  very  considerable.  The  preparations  in  the  form 
of  powder  are  various,  the  chief  being  Ferralum  and  Cupralum^  the  latter 
bemg  most  frequently  employed.  It  consists  of  copper  sulphate,  alum,  a  little 
potaanom  bichromate,  and  terebene.  It  is  a  very  powerful  deodorant,  coun- 
tencting  ammonia  and  sulphuretted  hydrogen,  and  at  least  masking  foical 
odour  as  much  as  carbolic  acid."*^ 

16.  The  remarkable  power  shown  by  Sfjlicylic  acid  in  arresting  fermenta- 
tion, and  its  value  in  the  antiseptic  treatment  of  wounds,  would  seem  to 
indicate  it  as  a  good  agent,  but  it  is  at  present  too  expensive  for  use  on  a 
laige  scale. 

General  Conclusion, — It  must  be  remembered  that  deodorisation  is  only 
possible  within  certain  limits,  and  that  in  a  number  of  cases  only  partial 
nsnlts  can  be  obtained,  unless  very  large  quantities  of  the  deodorant  are 
iised.f  The  most  effectual  appear  to  be  the  terebene  preparations,  especially 
the  cnpialun],  and  carbolic  acid  and  its  preparations.  Of  these  the  cupralum 
has  the  advantage  of  destroying  sulphuretted  hydrogen  and  neutralising 
amtminift^  which  aiB  only  mask^  by  the  others.  Chloride  of  lime  and 
chloride  of  soda  are  also  powerful,  but  have  themselvea  a  sickly  odour,  very 
disagieeable  to  many  persons.  The  Suvem  deodorant  is  probably  the  next 
besti  and  after  that  the  ferric  chloride  (FeClg  or  feCl). 

*  The  •nbtUnoe  advertised  as  '*  Snnitas/'  is  a  hydrocarbon  derived  from  the  resin  of  the 
Mmeatffim  OlobtduB  (Blue  Gum  Tree). 

4>  Ib  eiperimenting  with  the  very  offensive  infusion  of  linseed,  it  was  found  almost  impos- 
aiUB  to  get  rid  of  odour  without  using  very  Urge  quantities  of  the  deodorants.    [F.  de  C] 


CHAPTER    XL 
WARMING   OF   HOUSES. 


Thb  lieat  of  tbe  hiiinan  1)ody  mn  be  preserved  in  two  ways  i — 

L  The  heat  generated  in  the  body,  which  is  continuftUy  radiating  mud  betfif 
rnrried  iiwuj  by  moving  air,  can  be  retained  anil  w.ononiiised  "by  clotbeo.  fi 
the  food  be  snfficient,  and  the  ekin  can  thns  he  kept  warm,  theirt  b  no  «laaU 
that  thy  body  can  develop  and  T^Amn  its  vij^our  with  little  external  wvibIIl 
In  fact,  provided  the  degree  of  external  cold  be  not  too  gre^it  (when,  hi>w<p 
it  may  act  in  i>tirt  by  rendering  the  procuring  of  food  diffirtilt  and  pn^'ono 
it  woulil  seem  that  cold  does  not  imply  deficiency  of  bcKli]y  health,  for  i 
of  the  most  vij]^oro;is  mem  inhabit  the  cold  countries.     In  tt-mjif irate  _ 

there  is  also  a  p;eiieral  impression  (and such  generalimpressions  are  often  right) 
that  for  healthy  athilta  external  cold  is  invigorating,  provided  focxl  b©  suflicuiit, 
and  if  the  internal  warmth  of  the  body  is  retained  by  clothing. 

2.  External  heat  can  be  applied  to  the  body  either  by  the  heat  of  the  i 
(the  great  fountEiin  of  all  pbysicfil  force,  and  vivilier  of  life),  or  by 
means,  ttnd  in  a!l  cold  countries  artificial  warming  of  habitations  i^  Used. 

The  points  to  determine  in  respect  of  habitiitiona  are — 

J^t,  What  degree  of  artificial  warmth  should  he  given  ? 

2(1  J  What  are  the  different  kinda  of  warmth,  and  how  are  they  to  be  j 

SECTION  L 
DEGREE  OF  WARMTH. 

For  Health  f/  Persons, — There  appears  no  doubt  that  both  infants  and  (  _ 
persons  require  much  artificial  warmth^  in  addition  even  to  abundant  dotto 
and  footL     The  lowering  of  the  external  temperature,  especially  w  ht*n 
acta  very  depressing! y  on  the  very  young  and  old  ;    and  when  w©  ; 
the  extraordinary  vivifying  effect  of  warmth,  we  cannot  be  surprised  \ 

For  adult  men  of  the  soldier's  age,  who  are  properly  fed  and  cJotheti,  : 
probable  that  the  degree  of  temperature  of  the  bouse  is  not  very  material^  i 
that  it  is  chiefly  to  be  regulateil  by  what  is  conifortal)le.  Any  temf 
over  48"  up  to  60^  is  felt  as  comfortable,  though  this  is  dependent  in  p«it  i 
the  temperature  of  the  external  air.  It  seems  c-ertein  that  for  healthy,  w^J- 
clothed,  and  well-fed  men  we  need  not  give  omrselveB  any  great  oonoem  akooi 
thf*  precise  degree  of  warmth. 

For  children  and  aged  persons  we  are  not,  I  believe,  preparcfl  to  fix  inj 
exact  temperature;  for  new-bora  children  a  temperature  of  65'  to  70*,  or 
even  more,  may  be  necessary,  and  old  people  bear  with  benefit  a  still  K^g^ 
warmth,  * 

For  Sick  Perions, — The  degree  of  temperature  for  sick  pefsons  It  a  i 

*  It  iti  singnUr,  bowever,  that  in  aome  i>!d  people  tbe  tempemlttre  of  th*  body 
thnn  nofftial  (John  Davy)*  la  there,  ttieOf  a  diileroiice  in  the  amoimt  of  ext«iiml  hniii 
in  did^ereut  persons  f 
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of  t^at  imfiortaiice^  which  requires  more  investigation  than  it  haa  received. 
TLfjre  seem*  a  sort  of  genenil  rule  that  the  air  of  a  Biik-ixxim  or  boapital 
fthouid  be  about  60^  Fahx.,  anil  in  most  Continental  hospitjils,  warmed 
artiticiidly,  this  is  tho  contract  temperature  ;  but  the  propriety  of  this  may  be 
quei^tionwL* 

Til  ere  are  many  diaeasee  greatly  benefited  by  a  low  temperature,  especially 
all  thcK^f  with  preternatural  heat  It  applies,  I  believe,  almost  without 
excejaion  (scarlet  fever  1}  to  the  febrile  Ciisv^  m  the  ai3Ute  stage,  that  it  is 
dmrable  tu  have  the  teiupjrtiture  of  the  air  as  low  as  50"^  or  even  45°  or  4(1*", 
Cold  air  moving  over  the*  body  is  a  cooling  agent  of  great  jKJwer,  second  only, 
if  aixsuud,  to  cold  affusion,  nor  is  there  danger  of  hml  results  if  the  movement 
ia  not  too  greaL  The  Auatiian  experiments  on  tent  hospitals  f  show 
eOQclosively  that  even  considerable  cold  ia  well  borne.  Even  in  the  acute  lung 
tfiiQciions  this  is  the  casa  Pneumonia  cases  do  best  in  cold  wards,  provided 
there  ia  no  great  current  of  air  over  them.  Many  cases  of  phthisis  bear  cool 
•tr^  and  even  transitions  of  temperature,  well,  provided  there  be  no  great  move- 
medit  of  air.  Un  the  other  band,  it  has  api>C'ar»?d  to  me  that  chronic  heart 
fJBWMfiB  with  lung  congestion,  emphysema  of  the  lungs,  and  disi^ases  of  the 
ttme  class,  require  a  warm  air,  and  perhaps  a  moist  one,  'With  resjiect  to 
Ibe  inflammatory  aifections  of  the  throat,  hirynx,  and  traeliea,  I  have  no 
deciddd  evidence  of  my  own,  and  have  been  able  ti:»  find  nothing  decisive  in 
anthurs  on  this  point;  but  the  spasmixlic  atfections  of  both  larynx  and 
bn»nchial  tubes  seem  benefited  by  warmth. 

In  the  convalescence,  also,  from  acute  disease,  cold  is  very  biidly  borne ;  no 
doubt,  the  body,  after  the  previous  rapid  metamorphosis,  is  in  a  state  verj- 
attsoeptible  to  cold,  and,  like  the  body  of  the  infant,  resists  external  iidlueuces 
badly.  Convalescents  from  fever  must  therefore  be  always  kept  warm.  This 
ia  jnob^bly  the  reason  why  it  is  found  inadvisable  to  transfer  febrile  |>atient8 
in  a  permanent  hospital  to  convalescent  tents,  although  jtatienta 
from  the  first  in  tents  have  a  good  convalescence  in  thcin,  m  if  there 
uething  in  habit, 

SECTIOI^  IL 


DIFFERENT  KINDS  OF  WARMTH. 

Heat  is  communicated  by  radiation,  conduction,  and  t^mvectioiL  The  latter 
term  is  applied  to  the  conveyance  from  one  place  to  another  of  heat  by  means 
of  maaiea  of  air,  while  conduction  is  the  passage  of  heat  from  one  jiartiele  to 
another^ — a  very  slow  pri>cc8s.  Practically,  condnction  and  convection  may 
be  both  considered  under  the  head  of  convection. 

Radiant  heat  has  been  considered  by  most  ^niters  the  best  means  of  warm- 
ing ;  it  heats  the  body  without  heating  the  air,  J  and  of  course  there  is  no 
posaibility  of  impurity  being  added  to  the  air. 

*  h  »  owTDg  to  this  rule  thmt  in  Fretich  bosptUla,  nrtificiaHy  vetitCUtod  and  WAmied  by  hot 
mktf  the  fttuoant  of  air  is  lesM!n«d  and  iU  tumperature  hetghtenra  in  cnder  to  keep  up  the  con- 
inict  l«inperfttur«  of  15*  C.  (-fid"  F.)  Tb«  «ir  in  ofti'ii  then  cIom  and  disagreeable.  A  sale 
saneiml  raJ«  ia  neTer  to  sacrifice  freao  air  to  tt :  except  Id  the  roost  extreme  caiics. 

Of  ocNiiM,  oold  durentit  of  air  are  to  be  avoids  I  ,  but  it  is  safer,  aa  a  rale,  to  let  tha 

fMMral  tcropcTature  go  dowti|  rather  than  dim:n.  ..  .  Uujigv  of  air.  In  most  cases  it  can  be 
compeosated  for  by  additional  coreiiag. 

f  See  Report  oo  Hypeue  ia  the  Armj  Medical  Report  for  1862,  bj  the  author.— ^atf  Bo&h, 
IS$4.    The  PtUKsiaiis  hare  also  Utelr  made  great  use  of  tents  in  the  summer. 

%  My  fHoid,  Dr  Sankeyi  has  made  experimenta  which  show  that  the  tempefaturo  of  thn 
•Ir  of  a  voom  heated  by  radiant  beat  ia  really  lower  than  the  indicated  tempeFatnre  of  the  air, 
baeaoae  thebttlh  is  warmed  by  radiation*  When  thia  ia  prereated  by  aacfoaing  the  bulb  in  a 
hHghi  tin  cattc  the  thermometer  falls* 
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The  disaii  vantages  of  radiant  heat  are  its  cost,  and  its  f  eebleneas  at  anj  in 
tance.     The  cost  can  ^w  lesscneii  by  proper  arrangement,  but  the  hm  of  ' 
by  distance  is  irremodiable.     Ttie  effect  lessens  a&  the  square  of  the 
— te,,  if,  at  1  foot  tlifitance  from  tho  fire,  the  warming  effect  is  said  to 
equal  to  1,  at  4  feet  distance  it  mil  be  aixteon  tiuxee  leas.      A  loug  kx/bl 
tbeit^fore,  can  never  be  warmed  properly  by  radiation. 

It  has  been  attempted  to  calculate  the  fimount  of  air  wanned  by  a 
space  of  incandescent  firo,  and  1  square  int  h  has  been  supjiosed  suftii 
warm  84  cubic  feet  of  air.     But  much  di  jiends  on  the  walls,  and  whetto 
the  rayfl  fail  on  them  and  warm  thijm,  anvl  the  air  paissixig  ovei*  tbeto. 

Badiating  gratee  should  be  so  disposed  m  that  every  ray  is  throw  out  wto 
the  room.     The  rules  indicated  by  3)esaguliers  were  applied   by  BumfimL 
Count  Biiinfurd  ma^le  tho  mdlh  of  the  hack  of  the  grate  one- third  the  widtlk 
of  the  hearth  recess;  th<3  **idcB  then  sloped  out  to  the  front  of  the  recede; 
depth  <jf  the  grat-e  from  before  backwards  was  made  equal  to  the  width  o* 
back.     The  sides  and  back  were  to  be  made  of  non-conducting  nmti^rial ; 
cluniney  throat  was  contmcted  »o  as  to  lessen  the  draughty  and  insure 
complete  combustiim.     The  grate  was  brought  as  far  forward  as  poastblc^ 
still  under  the  thix>at. 

The  o];>en  chimney,  which  is  a  neceaeity  of  the  use  nf  radiant 
great  an  atl vantage  that  this  is  per  se  a  strong  argument  for  the 
kind  of  warming,  luit,  in  addition,  there  can  be  little  doubt  that 
is  really  the  healthiest. 

Still  the  immense  U>r8  of  heat  in  oiir  common  English  fire-placc*  moBi  }mi 
to  a  modification,  and  radiant  heat  must  he  supplemented  by 

Co  f  wed  km  and  Condition, 

The  air  is  heated  in  this  case  by  passing  over  hot  stones^  earthemwaift,  ti 
or  copper  plates,  hot  water,  steam,  or  gas  pijwj*.     The  air  in  the  ruum  : 
heatetl,  or  the  air  taken  frozu  outside  is  wnrmt^d,  and  is  then  allowt^d  U>  [ 
into  the  room,  if  possible  at  or  near  the  tioor,  so  that  it  may  properly  mil: 
with  the  air  already  thei-e.     The  heat  of  the  warming  surface  should  notl 
great,  probably  not  more  than   120"*  to  140"  Fahr. ;   there  should  be  a  I 
surface  feebly  heat-ed.     Tlie  air  also  should  not  be  heated  aliov©    75'  or 
Falir,,  and  a  large  bo<iy  of  air  gently  bentt^l  should  lie  preferretl  to  a  amaUcf 
btKly  heated  to  a  greater  extent,  as  more  likely  to  mix  thoroughly  with 
air  of  the  room. 

It  does  not  matter  what  the  lrin<l  of  snrfiw^e  may  be,  provided  It  i»  not  1 
hot.     If  it  is,  the  air  acquires  a  peculiar  smell,  and  is  said  to  be  burnt; 
has  been  conjecturtMl  to  bo  from  the  charring  of  the  organic  uiattrr. 
have  supposed  the  smell  to  be  caused  by  the  eflfect  of  the  hot  nir  no  th* 
mucous  meralirauo  of  the  nose,  but  it  is  not  perceived  in  air  heateil  by  ' 
sun.     Such  air  m  also  i^latively  very  dry,  and  absorbs  water  eag^erly^  fn>m  i 
substances  which  can  yield  it 

If  the  air  is  less  ht^at-ed  (not  more  than  75*)  it  has  no  smell,  and  the  i>pI 
humidity  is  not  lessened  to  an  appreciable   extent     Haller's  ext>er* 
carried  on  over  six  years  with  the  Meissuer  stove  common  in  Germajiy,  i 
that  them  the  nilative  moisture  is  not  lejjsened  with  moderate  warming,*  UkI 
I  ha\'e  found  the  same  result  with  the  Galtou  stoN'es.     On  the  utheT 
when  the  plates  are  too  hot,  ttie  air  may  be  really  too  much  driinl,  and 
Sankey  informs  me  that  while  he  never  foimd  the  difference  betwf**-*^^  ♦^^  • 
and  wet  bulbs  in  a  room  warmed  bv  radiant  heat  to  he  more  th;» 


*  Die  Liiftimg  uiid  ErwiiLrmiLng  der  Kinderstubc  und  dea  KnuikeiiiimmeriL  rtm  U,  C  i 
I860,  pp,  29-3a. 
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ht  hm  noticed  in  rDoma  warmed  by  hot  air  a  diffoR^nce  of  15"  to  17"  Fahr.^ 
which  implies  a  rektivo  humidity,  if  thw  ti^mpemtiire  be  60*,  of  only  34  piT 
etTit  of  ttatuiHtiun,  which  is  much  too  dry  fur  heiiltk  In  this  ca.w  the  air  is 
always  unpleasant^  and  must  bu  moisteiiod  by  passing  over  wat<^,r  b(.^foi«  it 
enters  the  room,  if  possible ;  som*.'  heat  ia  thus  h)st^  but  not  raiioL  Of  the 
▼ariou?*  means  of  heating,  water  is  the  best,  as  it  is  more  under  control,  and 
ll^i  in  b<^  carried  everywhere.     Steam  ia  equally  gootl,  if  waste  steam 

Ci  lihsed,   but   if   not,  it   is  more    expensive.     Hot-water  pipes   are 

of  twu  kinds :  pipes  in  which  the  wati'r  is  not  heated  above  200'  Fabr,»  and 
which,  therefore,  are  not  subjected  to  great  pressure ;  and  pijif j?  in  which  the 
miter  is  heated  to  300"  or  350°  Fahr,,  and  which  are  therefore  subjected  to 
gPBftt  pressure.  Thtjse  pipe«  (Perkin's  patent)  are  of  small  internal  calibre 
(about  ^  inch),  with  thick  walls  made  of  two  pieces  of  welded  iron  ;  the  ends 
ii  the  pii>cs  are  joined  by  an  ingeniouBly  contrived  screw.  In  the  1  ow- press urt^ 
pipei  there  is  a  boiler  fr«>m  which  the  wat^r  c insulates  through  the  pipes  and 
mams  again,  outlets  bein^'  provided  at  the  highest  points  for  Uw  exit  of  the 
tte.  In  Perkin's  system  there  is  no  boiler;  one  portion  of  the  tube  paases 
thtough  thtj  fire. 

Mr  Hood  states  that  5  feet  of  a  4-inch  pipe  will  warm  1000  cubic  feet  in 
a  public  mom  to  55'.  In  dwellin^'-bousea  for  ever>*  1000  cubic  feet  12  feet 
c»l  4-inch  pipe  should  be  given,  and  will  warm  to  65°.  In  shops,  10  feet, 
sad  in  workiooms  6  feet,  per  1000  cubic  feet  are  sufficient  If  Perkina' 
ptpet  aro  used^  as  the  hcMitiug  power  ia  greater,  a  less  amount  do4)s,  prtjbably 
about  two-thiids,  or  a  little  more. 

Hteam  piping  is  now  also  much  used,  and  in  some  cases  is  more  c^myenient 
ewmk  than  wat^r.  The  Houses  of  Parliajnent  are  wanned  by  steiini  jiipes  in 
a  chamber  tinder  the  floor ;  the  mdiatiug  surface  of  the  pipes  is  inereaseil  by 
•oldenng  on  to  tbem  at  intervals  a  numl)er  of  zinc  or  (preferably)  sumll 
copper  plates.  If  it  is  w^ished  to  lessen  the  amoimt  of  beat,  the  pijiee,  where 
firOTldad  with  thin  pilates,  are  simply  e4jvered  with  a  woolk^n  clotk 

The  easy  storiug  up  and  c^anveyance  of  heat  Uj  any  piart  of  the  room  or 
houae  by  means  of  water  pij)es,  the  modenite  iempemture,  and  the  facility  of 
^duttaaion  of  external  air  at  any  ptnnt  by  psuising  the  fresh  air  over  coils,  or 
traler  learea,  make  it  certain  that  the  plan  of  wanubig  by  hot  wat*,^r  will  bo 
greatly  used  in  time  to  come,  although  the  open  fire-piace  may  be  retained  for 
comfort 

ifr  George  has  devised  a  gns  stove  (called  the  Calorigen),  which  apj>ear8  to 
be  a  decided  improvement  on  the  common  gas  stove*  Cras  is  burnt  in  a 
small  iron  box,  and  the  products  of  combustion  an^  carried  U>  the  oj»en  air  by 
a  tube.  Another  coiled  tuU'  nins  up  through  the  box  ;  this  c^inmimiicatea 
hejow  with  the  outer  air,  and  alxive  upens  into  the  roems.  As  the  fresh  tur 
paoaes  through  this  tubtt  it  is  warmed  by  tht^  lit^at  of  the  gas  stove.  Mr  Eassie 
speaks  very  well  of  this  stove^  which  he  has  jmt  up  in  sevend  places.  Ha 
aays  he  has  known  one  to  be  persistently  capwible  of  registering  hfteen  degrees 
aboTe  the  external  temjiemture  during  a  very  severe  winter,  and  that,  too,  in 
a  room  of  over  1700  cubic  feet,  with  the  roof  and  three  sides  conatructed  of 
glasa^     A  coal  calorigen  is  also  made  which  seems  t€  answer  well. 

A  plan  which  was  propostid  130  years  ago  by  De&aguliora  is  now  coming 
iaio  geil«fal  use^  viz.,  to  have  an  air  chamber  round  the  back  and  sides  of  a 
Tidiating  grate,  and  to  [lass  the  external  air  through  it  into  the  room.  Thus 
a  great  economy  of  heat,  and  a  considerable  quantity  of  gently- warmed  air, 
I  into  the  room.     In  Captain  Gtilton's  grate,  and  in  the  plan  proposed  by 


*  Sanitary  ixmngemcnts  for  Dwelliugn,  167i,  p.  IKl 
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Mr  Clififlwick  for  cottages,  the  lower  part  of  tbe  cliimney  is  also  i 
The  advautajj^e^  of  these  grnU's  are  that  they  cuiuhine  a  good  amoant  of  cheej- 
fill  open  tire,  rsidiant  heat^  aod  ehunney  ventilation^  with  suppleuientarj  warm- 
ing by  hot  air,  so  that  more  value  is  obtained  from  the  fuel,  and  larger  scpaoe^ 
eaii  be  more  cfPt^ctually  warmed.  A  great  number  of  patente  have  been  fcakeo 
out  for  grates  of  this  kind.  The  air-chamber  should  not  be  too  smmll^  or  the 
air  is  uudidy  hoatx^d  ;  the  hf^att'd  surfac<^  should  be  very  lai^e  ;  tirc^aj 
tinier  giviis  a  peculiar  odour  to  the  air,  which  iron  does  not  do  if  the 
of  iron  be  very  large  and  dii*poaed  in  gills  ;  a  combination  also  of  iron  md  1 
clay  is  said  to  be  good,  and  Ut  give  no  odour.  The  conduit  leading  to  the 
chamber  should  be  short,  and  both  it  and  the  chamber  should  be  able  tt> 
opened  and  cleaned,  as  much  dust  gets  iit  The  room  opening  of  tht 
c:hamheT  jsbould  be  m  far  up  that  the  hot  air  may  not  be  at  onc«  bivatl 
and  there  should  be  no  chance  of  its  being  at  once  drawn  up  the  chimneii? 
The  action  of  all  8kive«  of  the  kin<l  is  liable  to  considerable  variation  fium  Uif 
action  of  the  wind ;  and  sometimee  thu  current  is  even  reversed,  and  liol  air 
driven  out. 

Attention  has  been  lately  directed  both  in  France  and  America  to  the 
of  the  compamtive  ea**e  with  which  gases  pa^^s  through  red  hot  cast-irtia  Mr 
Gniham  haa  shown  that  iron  heated  to  redness  wOl  absorb  4*15  timM  lis 
volume  of  carbonic  oxide,  and  the  exi>eriment^  Ijy  I^IM-  Deville  and  Trocti^ 
made  at  the  request  of  General  Morin,  prove  that  in  a  cast-iron  stove  heateil 
with  common  coal  t!iere  passed  through  the  metal  in  92  hours  689  C.C 
honie  oxide,*  or  from  "OHl  to  -132  per  cent  of  the  air  which  was 
passed  over  the  hot  surface.  In  America,  Dr  Derby t  has  directed 
attention  to  this  point,  and  ha;?  adduced  very  «tn>ng  reasons  for  belie vii^ 
the  decidedly  injurious  etiects  produced  by  some  of  the  plans  of  wi 
houses^  csfiecially  by  air  passing  over  a  cast-iron  furnace  heate^l  with  antliracii^ 
is  due  to  an  admixtui'c  of  carhonic  oxide.  Professor  Coulier  of  the  Val  df 
Grllce^t  has  contended  that  the  amount  of  carhonic  oxide  paasiiig  through  m 
the  experiment.s  of  Deville  and  Troost  is  really  so  smal!^  tliat  if  niixud  wiiL 
the  air  of  a  room  which  is  fairly  ventilated,  it  would  be  quite  innocufju*  ;  ami 
he  believes  (from  direct  experiment)  that  the  headache  and  oppressive  feeding 
pro<luced  by  these  iron  stoves  arc  really  owing,  as  was  formerly  believed,  Vi 
the  relative  dryness  of  the  air.  But  evi<lence  is  adverse  to  this  now.  The 
gas  passes  with  much  greater  difficulty  through  wrought-iron,  or  through  slo 
lined  with  fire-clay.  § 

A  great  number  of  grates  and  stoves  have  been  proposed,  which  it 
im|K*s8ible  here  to  notice.  In  Germany  many  excellent  stoves  ate  now  issedL 
which  not  only  economise  fuel,  but  warm  the  outside  air,  which  is  admitt^ 
round  or  under  them.||  The  medical  officer's  advice  will  he  sought,  fix»t»  at 
to  the  kind  ;  and  second,  as  to  the  amount  of  heat.  He  will  find  no  difficulty 
in  coming  to  the  cnnclusion  that  in  mfjst  cases  both  methixis  (radiation  and 
convection)  should  he  employed  ;  the  air  wjirmed  by  plates  or  coils  of  water 
pipes  being  taken  fresh  fKim  the  extt^rnal  air  arid  thereby  conducing  to  venti- 
lation. He  will  he  also  called  on  to  statue  the  relative  amoant  of  radiant  ami 
convected  heat,  and  to  determine  the  heat  of  the  plates,  and  of  the  air  oomifig 
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*  Compteii  Retidiifl  de  FAe^il.  Jan.  1868.    These  experimeata  were  fint  it&d«rUJtai  in  ona* 
neqiH'tice  of  A  AUtemeat  by  Dr  Carrel^  tb&t  in  the  department  of  Haute'Saroie  oa  epidei&ie 
u'urrt'tl  which  aflected  per»oiiA  only  in  the  houaes  where  iron  stoTes  were,  and  not  paTOelii&, 
-*■  Anthrnclte  ami  Hiatth,  by  G.  Derby,  M.D.,  Professor  of  Hygiene  In  Uairant  Uiiif«ni|j* 
»fem.  (1«  Med,  MIL  Si'pL  186S,  p.  250, 

recomiiM'uded  A  ooating  of  siliCAie  aa  a  preventive  Against  the 
*«  throuftb  an  iron  itove, 
ant  in  Koth  and  Lex'a  work  (dp.  di,  pw  8<56.) 
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'4  thmii,  and  the  degree  of  humidity  of  tho  air.  The  thormometer,  and  the 
'^7  and  wet  bulbs,  mrill  give  him  all  the  information  he  wants  on  these 

.:  a  Mr  Chadwick  has  lately  called  attention  to  the  old  Roman  plan  of  the  Hypocaust,  where 
;  m  floor  bf  the  room  ia  warmed  by  pipes,  or  by  carrying  smoke-flues  under  it,  and  he  has  con- 
"ifod  MNDe  iiu;enioa8  plans  to  carry  out  the  idea.  There  can  be  no  doubt  of  the  great  comfort 
t  tUi  plan,  althongh  it  appeani  to  be  expensive.  Attention  has  been  called,  of  late  years,  to 
.Mtiqc  on  the  whole  house  system,  and  there  can  be  no  duubt  that  this  is  au  excellent  plan,  if 
tapmfy  oarried  out  and  carefully  supervised.  Drs  Drvsdale  and  Haywatd  in  this  country 
fltoaltii  and  Comfort  in  House  Building,  London.  1872),  and  Dr  Griscom  of  New  York, 
\aefm  doviwd  insenious  plans  for  the  purpose.    In  older  countries,  such  as  Russia,  the  plan  is 

•  gmnml  use,  but  apparently  with  little  or  oo  regard  to  proper  supply  of  fresh  air,  or  carrying 
.wajofftmlair. 


CHAPTER    XII. 
EXERCISE. 


A  FEBFECT  state  of  health  implies  that  every  organ  has  its  due  ahaiecf  t 
cise.     If  this  is  cleficient^  niitritiou  sufiers,  the  organ  lessens  in  eice,  and  i 
tually   more  or   hs&   degenerates.      If    it   be  excessive,    nutrition,    at   firet 
ftpparent!y  vigoroitB,  hecomes  at  last  abnormal,  and,  in  many  cases,  a  degene 
tion  occurs  which  is  us  complete  ae  that  which  follows  the  disuse  of  an  oi- 
Every  organ  has  its  special  stimiilns  which  exciter  its  action,  and  if 
stimulus  is  perfectly  nonmd  as  to  quality  and  quantity,  perfect  health 
ncce.ssarily  the  re^^ulL 

But  the  tenn  exercise  is  usually  employed  in  a  narrower  senae,  and  €at- 
pre^ses  merely  the  action  of  the  voluntary  muscles.     This  act  ion,  t! 
absolutely  essential  to  the  exercise  of  other  organs^  is  yet  highly   i 
and    indeed,  in    the    long   run,  is   really    necessary  ;    the    heart    e^pt^i'i 
is  evidently  aflected  by  the  action  of  the  voluntary  muscles,  and  this  nmy  1 
said  of  all  organs,  with  the  exception  perhaps  of  tlie  bmin.     Not  onh"  the  * 
cuhition  of  the  hlootl,  but  it^  formation  and  its  destruction,  are  profoundly 
liueoced  by  the  movement  of  the  voluntary  muscles.    Without  this  muscnii 
movement  health  mu«t  ioevitably  be  lost,  and  it  becomes  therefore  impor 
to    detormino    the    eft'ects    of  exercise,    and    the    amount   which    ahou 
he  taken* 

SECTION  L 

THE  EFFECTS  OF  EXERCISE. 

(a)  On  the  Lump — EUminaiion  of  Carbon, — The  most  important  effecl  ( 
muscular  exercise  is  produce*!  on  the  lungs.  The  pulmonar}^  circulation 
greatly  hurrie<l,  and  the  quantity  of  air  inspired,  and  of  carhunic  acid  expi 
is  marvellously  increased,  Dr  Edwtird  iSinith  lias  carefully  invesLigu  ^ 
first  point,  and  the  following  table  shows  his  main  results.  Taking  tb  ^ 
position  as  uiuty,  the  quantity  of  air  inspired  was  found  to  be  as  foUowi  :- 

IVidking  and  carrying  63  Ih,  3*84  \ 
„      118  1b,  4«  I 
,>       4  miles  per  hour^       5 

p?       ^  »  *" 

Hiding  and  trotting,       *  4*05 

iSwimming,  .  »  .  i'33 

Treadmill,    ...  5*5 
„         and  can-ying  54  lb,  3 '5 

The  great  increase  of  air  inspired  is  more  clearly  seen  when  it  Is  put  i 
this  way  :  under  ordinary  circumstances  a  man  draws  in  480  cubic  incba*  i 
minute  ;  if  he  walks  four  miles  an  honr  he  draw*  in  (480  x  5  «=  )  2400  enbte 
inches  ;  if  6  miles  an  hour  (480  x  T  = )  3360  cubic  inches.  SimtUtonooitst?, 
the  amount  of  carbonic  acid  in  the  expired  air  is  increased  (SchAsiing  sBii 
many  others). 


Lying  position,     . 

1 

Sitting, 

118 

Standing,     . 

1-33 

Suiging, 

126 

Walking  I  mile  per  hour, 

1-9 

2 

2-76 

11         3            ,, 

3-23 
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Tbc  most  reliable  obeerratinnB  in  tbis  direction  are  those  made  by  E.  Smith, 
Kim,*  Si)eck,t  and  Pettenkofer  ami  YoitJ  As  there  is  no  doubt  thiit  the 
p?caliar  means  of  investigation  n^ndiT  the  experimetite  of  thf;  liMjt-mjnjt'd 
•atbors  ii»  accurate?  as  possibli?  in  tbb  prvsent  sldtt;  of  science,  I  give  tbeiu 
briettjr  ^  the  fallowing  table.§ 

Almof^ion  and  Elimination  in  Mesi  and  Exereim. 


Gntniuiei. 


EUtDlttfttton  Ln  Grsmniei  ( 


Cttrtionlc 
Add. 


WttiV. 


Urea. 


Work-diy, 


708 -» 
954-5 


1284-2 


828-0 
2042-1 


37-2 
67 


Excess  on  work-diy  (with  exception  ; 
ofunst),     , 


246-9 


3727 


1214  1 


^-2 


Ib  other  wonia,  during  the  work-day,  3804  grainB  or  8 -69  ounces  of  oxygen 

^   Mfbed   iu  excess  of  the  rest-day,  and  »'j750  grains  or   13  ounces  in 

(mrlMinic  acid  were  evolved.     Expressing  this  us  earlK>n,  an  excess  of 

r  3'58  ounoed  were  eliminat*;d  in  the  work-<luY.     There  was  an 

.elation  of  carbon   equal   to   34*6   per  cent.,  and  it  must   be 

Kiijr-iiib<ired  that  the  sc^c^illed  "  work -day  "  includiHl  a  jK^riod  of  rest  j   the 

vrrk  ^Tt=5  done  only  during  working  hours,  and  was  not  excessive* 

'  lie  oli&erved  from  these  experiments  that  a  lai*ge  luiiouut  of  water 
mated  during  exercise,  while  the  una  was  sHghtly  le^ssenciL 
It  i>^ms  certain  that  the  great  formation  of  carbuiiic  acid  takes  place  in 
the  muscles  ;||  it  is  rapidly  carried  off  from  them,  and  if  it  is  not  m^  it  would 
leom  highly  pndiable  that  their  strong  action  becomes  impossible.  At  any 
mte,  if  the  pidmonary  circulation  and  the  elimination  of  carbonic  acid  are  in 
any  way  impedofl,  the  power  of  continuing  the  exertion  rajiidly  lessens.  The 
wftlery  vapour  exhaled  from  the  lungs  is  also  largely  increased  dunng 
eacuHioti* 

Hu0ca!ar  exercise  is  then  clearly  necessary  for  a  sufficient  elimination  of 
fattbcm  from  the  body,  and  it  is  plain  that,  in  a  state  of  f»rolonged  rest,  either 
the  carbijuiferous  food  must  be  lessened  or  carbon  wOl  accumidat*!. 

£xct36sive  and  badly  arranged  exertion  may  lead  to  conjestion  of  the  lungs 
and  even  haemoptygis.  Deficient  exercise,  on  the  other  hand,  is  one  of  the 
Gftuses  which  produce  those  nutritional  alterations  in  the  limg  which  we  ck^ 
as  tuberculous. 

Certain  rides  flow  from  these  facts.  During  exercise  the  action  of  the 
}an^  must  be  perfectly  fre^^  j  not  the  hast  impediment  must  be  ottered  to  the 
frmt  play  of  the  chest  and  the  action  of  the  respiratory  muscles.  The  dress 
and  accoutrements  of  the  soldier  should  \m  planned  in  reference  to  this  fact^ 
at  tbers  is  no  man  who  ia  called  on  to  make,  at  certain  times,  greater 
And  yet,  till  a  very  recent  date,  the  modem  armies  of  Europe  W6te 

Ladwii^i  PhTi,  2il  edit,  bund  i.  p.  748. 

im  TUT  wifts.  He  ilk.  band  vl.  pp.  286  ftsd  289. 


t  Archiv 


.le,  bftnda  ii.  Mid  Hi.,  &tid  Kanke's  Phyit.  dm  Menacben,  pi  551. 

u  bv  Hirn  sod  dp«ck  are  very  iccordAOt ;  they  will  be  foaod  qtioted  in 
'  \  ork»  if  it  19  wished  to  refer  to  thfm. 

rn  of  Valeutin  and  others,  iLiid  especiallv  the  ejrperinicnts  of  Sczelkow 

^'•  .1,  i.yi3,  band  xvti.  p.  lO^j,     The  amount  of  f'<>    -  -  "^  '■ Mntracting 

ii ''•■'■  -4  io  great,  and  ao  much  in  exoeaa  of  the  O  i  ■■  was  t^«ii. 

j'vt  rooiiic  acid  muat  have  be«n  formed  during  coiu  ♦?«  neb  in 

<a.}^t:ii  fxucl;  a«  fofouc  acid),  or  that  oxygen  muat  haw  httea.  obLoiucdQtbcrwLiii  than  frum 
iatpLraticm* 
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dressed  and  accoutred  in  a  fasliion  wliich  took  from  tlic 
dugrce,  that  power  of  exertion  for  which,  and  for  which  aloao.  I0 
and  trained. 

The  action  of  the  lungs  should  he  watched  when  men  are  being 
r  exertion  ;  ns  soon  as  the  respirations  become  laborious,  and  esi 
f  be  sighing,  the  lungs  are  becoming  too  congeated,  and  rest  is  w 

A  second  pi^iiit  is,  that  the  great  increase  of  carb<:»Q   eii 
increase  of  fiirl>on  to  be  given  in  the  footL     Thert^  8€*ems  a 
among  physioltigistB,  that  this  La  best  given  in  the  foim  of 
Btari^h,  and  this  i^  confirmed  by  the  instinctive  appetite  of  a 
exertion,  and  not  restmined  in  the  choice  of  food. 

A  third  rule  is,  thfit  m  spiritjs  lessen  the  excretion  of  pi 
lacid,  they  are  hui'tful  tiuring  exercise  i   and  it  is  perhaps  for  this 
I  well  as  from  their  deiideniiig  action  on  the  nervea  of  volition,  tliit 
Itake  spiiit4i  are  incapable  of  great  exertion.     This  is  now  well  trnda 
trainers,  who  allow  no  spirits,  and  but  little  %vine  or  beer.     It  li 
fact,  stated  by  Artmnnn,  that  if  men  undergoing  exertion  take 
ttike  leas  fat     Possibly  in  reality  they  lessen  the  amount  of 
tbt^refore  require  hsa  iid,     \X&U^r  alono  is  the  best  fluid  to  train  00. 

A  fourth  rule  is,  that  as  the  excretion  of  carbonic  acid  (and  f 
pulmonary  organic  mutter)  is  so  nuich  increased,  a  much  huger  1 
pure  air  is  necessary  ;  and  in  every  covered  building  (as  gjTnnaai 
schools,  *frc.)  where  exercise  is  taken,  the  ventilation  must  be 
gi'eatest  jKjssihle  extent,  60  soon  does  the  air  become  vitiat«?<L 

(If)  Ofi  the  II f  art  tthd  Vessels. — ^The  action  of  the  heart  rapidly 
in  foriM'  and  frequency^  and  the  flow  of  blood  through  all  parts  of 
inchidiug  the  heart  itself,  is  augmente<L  The  amount  of  increasi> 
from  ten  to  thirty  beats,  but  occasionally  much  more.  After 
heart*s  action  falls  below  its  normal,  MUioimt ;  and  if  the  exerdae 
exceedingly  prohmgod  and  severt;,  may  fiill  as  low  as  fifty  or  forty  pi 
and  became  intermittent  During  exertion,  when  the  heart  is  not  C 
its  bests,  though  rapid  and  forcible,  arc  i*egular  and  e4|uable ;  bat" 
becomes  embarrassed,  the  pulse  becomes  very  quick,  small,  and  th&t 
and  even  at  last  in'egular,  WTien  men  hiive  gone  through  a  goal 
exertion,  and  then  are  called  upon  to  make  a  sudden  efibrt^  I  have  k] 
pulse  become  very  small  and  <^uick  (16Q-170)»  but  stLLl  retain  iU 
There  seems  no  harm  in  this,  but  such  exertion  cannot  be  long     ~ 

The  ascension  of  heights  greatly  tries  a  fatigued  heart     The 
of  the  heart  to  great  exertion  is  probably  connected  with  the  eii^ 
blood  through  its  own  structnro. 

Excessive  exercise  leads  to  atfoction  of  the  heart  ;  rupture  (in 
cases),  palpittition,  hyi^ertrophy  in  a  gootl  many  cases,  and  mure  ransly 
disease.  These  may  be  avoided  by  careful  training,  and  a  due  propD 
rest  Injuries  to  vessels  may  also  result  from  too  sudden  or  prol 
tion.  The  sphygraographic  observations  of  I)r  Fraser*  un  the  puka 
after  rowing,  show  hi>w  much  the  pressure  is  increased. 

I  )ehcieut  exercise  leads  to  weakening  of  the  heart's  action,  and 
dilatation  and  fatty  degeneration. 

In   commencing  an   unaccustomed   exercise,  the   heart    must   be* 
watched  ;  excessive  rapidity  (120-140),  inequality,  and  then  irreguli 
lK>int  out  that  rest,  and  then  more  giiidufil  exercise,  is  necessary,  in 
the  heart  may  be  accustomed  to  the  work. 


*  Joamal  of  Physiology,  Not.  18^^ 
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f  fo)  On  the  Skin, — The  skin  becomes  reti  fruin  turgescence  of  the  veasels, 
ma  perspiration  is  increased  ;  water^  chlnride  of  sodium,  and  acids  (pmbiibly 
in  part  fatty),  pass  oH'  in  great  abundance?.  It  was  fomjerly  supjxised  that 
QTM  also  passe^l  oil'  in  this  way,  but  this  is  not  the  case.  No  gaseoufi  nitKfgen 
given  off  in  healthy  men  from  tbo  skill. 

The  amount  of  fluid  passing  off  is  not  cortaini  but  is  very  great,  Speck's 
periments  show  that  it  is  at  Iciist  dijubled  under  ordinary  conditiona 
Pettenkofer  an*l  Voit's  expenmt'nta  show  even  a  larger  inercast^.  The  usual 
latio  of  the  urine  to  the  lung  and  skin  <?xcreta  is  revnrsed  Instead  of  being 
1  to  0*5  or  0-8^  it  become43  1  to  1-7  or  2,  or  even  2 '5.  This  evapuration  re- 
duces and  regulates  the  heat  of  the  body»  which  would  otherwise  sixm  become 
fricifinmYTt  ;  so  that,  as  long  ago  iiuint^d  uut  liy  l*r  dobn  Davy,  the  body  tom- 
pumtiire  riaes  little  above  the  ordinary  tempeniture.  No  amount  of  external 
cold  fleems  to  be  able  t<^  hinder  the  pasHfige  of  fluid,  though  it  may  partly 
check  the  rapidity  of  evapordtion.  If  anything  check  evaporation,  the  }>ody- 
heat  increae^,  and  8o<in  languor  comes  on  and  exertion  becomes  difficult 

During  exertion  there  is  little  danger  of  chill  imder  almost  any  circum- 
Stinces ;  but  when  exertion  is  over,  there  is  then  great  danger,  becau^^e  the 
hmH  of  the  body  rapidly  declines,  and  falls  below  the  natural  amoimt,  and  yet 
eraporation  from  the  skin,  which  still  more  reduces  the  heat,  continues. 

The  roles  to  be  drawn  from  these  facts  are — that  the  ^kin  shoidd  be  kept 
extremely  clean  ;  during  the  perit»d  of  exertion  it  may  be  thinly  clothed,  hut 
immediately  afterwards,  or  in  the  int-ervals  uf  exertion,  it  should  be  covered 
sufficiently  well  to  prevent  the  least  feeling  of  coolness  cd  the  surface. 
Flannel  is  best  for  this  purpose. 

(d)  On  the  Voluntary  Mu^des.^-T\ie  muscles  grow,  become  harder,  and 
leepond  more  reailily  to  volition.  Their  growth,  however,  has  a  limit  ;  and 
a  aiilgle  mnstde,  or  group  of  muscle8,  if  exercised  to  too  great  an  extent,  will, 
alter  growing  to  a  great  size,  cummence  to  waste.  But  this  seems  not  to  be 
the  case  when  all  the  muscles  of  the  body  are  exercised,  probably  because  no 
mnade  can  then  be  over-ex ercij^nl.  It  seems  to  be  a  fact,  however,  that  pro- 
longed exertion^  without  sufficient  rest,  damages  to  a  certain  extent  the  nutri- 
tion of  the  muscles,  and  they  become  soft. 

The  rule^  to  l>e  drawn  from  these  facts  are,  that  all  muscles,  and  not  single 
groups,  should  be  brought  into  play,  and  that  periods  of  exercise  must  be 
1  alternated^  esi>ecially  in  early  training,  with  long  intervals  uf  rest 
^t^  (e)  Oi  //*€  NervtmA  Sijdenu — The  effect  of  exercise  on  the  mind  is  not  clear, 
^Vjt  has  been  supposed  that  intellect  is  less  tit^tive  in  men  w^ho  take  excessive 
^Baxercise,  owing  to  the  greater  expenditure  of  nervous  force  in  that  direction. 
^rBnt  there  is  no  doubt  that  great  bodily  is  quite  consist^ent  with  extreme  mental 
activity  ;  and,  indee<l,  considering  that  perfect  nutrition  is  not  possible  except 
with  bodily  activity,  we  should  infer  that  auflicient  exertjise  would  be  necessary 
I  for  the  perfect  performance  of  mental  work.  Doubtless,  exercise  may  be 
^^^ pushed  to  such  an  extreme  as  to  leave  no  time  for  mental  cultivation ;  and 
^■fhis  is  perhaps  the  explanation  of  the  proverbial  stupidity  of  the  athletie. 
^"  Deficient  exercise  causes  a  heightened  sensitiveness  of  the  nervous  system,  a 
sort  of  morbid  excitability,  and  a  greater  susceptibility  to  the  action  of 
external  agencies. 

J(/)  On  the  EHfjestmB  %«<«m.— The  appetite  largely  increases  with  exerciae, 
aspecially  for  meat  and  fat,  but  in  a  le«s  degree,  it  would  appear,  for  the 
carbohydrates.  Digestion  is  more  perfect,  and  absorption  is  more  rapid- 
The  circulation  through  the  liver  increase's,  and  the  abdominal  cinnilatiou  is 
carried  on  with  more  vigour.  Food  must  be  increa^d,  especially  nitrogenous 
anbataticeai  fats,  and  salta,  and  of  these  especially  the  phosphates  and  the 
I 
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chlorirfes.*     Tlie  effc>cts  af  exercise  on  digestion  are  greatly  increaied  if  it  ba 
taken  in  the  free  air,  ami  it  is  then  a  most  vahmble  remedy  for  msmB  font^M 
of  dyyip«'j>»in.      (plfimes  lilake^  Parijic  Medical  and  Snrffical  Jtmmal^  186(K^I 
Conversely,  ileticit'nt  exercise  lesspni*  both  appetite  and  dige^tiire  jiamm, 

(ff)  Chi  the  Oem'Tfitim  Organs, — It  hai*  been  aupjKised  that  pabflrt3r  il 
delayed  by  physical  exertion,  but  perhnps  the  other  oircumstances  liaf«  not 
b£3en  allowed  full  weight  Yet,  it  would  apj>ear  that  very  strong  exsrom 
lessens  aexual  desire,  possibly  because  nervous  enei^gy  ia  turned  in  a  ^edal 
direction. 

(h)  On  fh€  Kidfitfifs. — The  water  of  the  urine  and  the  chJoride  of  aodium 
often  leaaen  in  consequence  of  thi:*  increased  passage  from  the  dkin.  TTm 
lirea  is  not  much  tihfin^Hl  (see  aftf^r).  The  nri<s  acid  increnses  after  gnal 
exertion ;  so  ako  apparently  the  pigment ;  the  phosphoric  acid  iA  not 
augmented  ;t  the  sidyihuric  acid  is  moderately  increased ;  the  fit?o  carboiii 
acid  of  the  uriuo  is  increased  ;  the  chlorides  are  lessened  on  accmini  ( 
outflow  by  the  stkin  ;  the  exact  amount  of  the  bas4?s  has  not  been  deter 
but  a  great-er  exi  ess  of  soda  and  potash  is  eliminated  than  of 
magnesia ;  nothing  certain  hi  known  as  to  hippnric  acid,  sugar,  or 
sub^tanee8.f 

(/)  ihi  the  Bowth. — The  effect  of  exercise  is  to  lessen  the  amount*  partly, 
probably  from  lessened  paaeage  of  water  into  the  intestines,  Tbp  nitipgciD 
does  not  appear  to  be  much  altered. § 

{k)  Oil  the  E! hit i nation  of  Nitro*jrrL — A  great  nnmher  of  experimentB  hiff 
been  made  in  the  amount  of  nitrogen  passing  olT  by  the   kidneja 
exercise.!!      The   amount  of   urea   hiis   been   usually   determined, 
nitrogen  has  l>een  calculated  ivom  this  ;   Meissner  has  determined  the  i 
of  the  cnnitin,  and  the  creatinine  ;^  while  Fick,  and  Wislicenus  have  cob 
the  total  nitrogen  (by  soda  lime  in  the  manner  of  Voit)  as  well  as  the  i 
nitrogeaj  and  I  hiive  rti'p^ati^d  their  experiraents,**     The  experiments 
been  usually  carried  on  by  determining  the  nitrogenous  excretion  in  twenty- 
four  hom-a  with  and  without  exercise ;   but  iJi  some,  the  fierio*]  doling  which 


carboaii 

lime  Q^H 
or  olbi^ 

nitipgfgi 
entsbin 

them^H 
<nts  haf^l 


•  It  is  yet  uncertain  what  kind  of  diet  should  be  allowed  during  long  mftrch»  in  t^e  trufka, 
Dr  Kirk  hu  informed  me  that  iu  South  Africii  (10^  to  17''  S.L.K  during  Or  Liritig)itoii«*»  M^ood 


expeditiont  a  Uiige  quantity  (21h)  of  animal  food  wan  found  to  lie  t^sscDtial  ; 
thoufh  iiuy  quantity  of  mi  lie 


.  t)ii«  WM  j>relerf«dS, 

illetH  and  leguiiiinojice  couM  tiave  heeu  procured.  Fat  wm  ttkm  fai 
large  quant  it  jesi.  It  wfin  found,  also,  thnt  boiled  woa  Ix^tter  thau  roast  meat,  bocaate  tiMBM 
oonid  ent  more  of  it  No  bad  effect  whatever  was  traoeable  to  the  ua«  of  this  great  ^iwifM^M^  if 
meat,  evmi  in  the  in  tensest  heat.  M 

+  f  bell 01^6  r  can  be  certain  of  thk  from  my  own  experimeiita.  ■ 

X  In  the  careful  oliservatioua  made  hj  Dr  Pavy  on  Weston  the  mdestriaD  (Laiifiet,  l>et  187fL 
the  foEowing  cbangcH  were  found  ;  taking  the  amount  excreted  during  rest  at  I :— 


Const  Itac  II  u. 
Urea    . 
Uric  acid     . 
Chlorine 
Stilpbnric  arid 
Phosphoric  acid 
Boda    . 
Potash 
Lime    . 
Maj^nesia 


1 
1 
1 
1 
1 
1 
1 
1 
1 


Walkfae 
1743 

1  287 
•478 

1  '^SS 
-  "_> 

I 
•9S9 


I 


All  th«  couKtitueutti  thus  appear  to  he  increafled^  except  the  chlorine  and  the  sod*,  whidl  m 
notably  dimiuishwlj  especiaUy  the  chlorine  ;  the  magnesia  is  also  diTiiiuuhed^  bat  In  m 
lesH  deg^ree.     In  these  ezpedmenta,  however,  the  diet  waa  not  uniform. 

§  Proce©dinf5M  of  RoyJ  Society,  No.  H  18^7,  p.  52. 

Ij  For  a  statment  of  the>te  exp«jriments  up  to  1  $60,  I  ma^'  refer  to  my  work  On  tlia 
position  of  the  Urine,  1S<S0,  p,  85.    Since  this  time  the  chief  ejcperiinAQtJi  ha v«  been  hfY* 
Pettenkofer,  J,  Haiike,  £.  Smith,  Han^htoo^  Fick  and  WhilioeQus,  fiyaason*  Noyea»  M<  ' 
Pavy,  aud  others, 

U  Henlo'*^  Zeiteehrift  f^ir  rat.  Med.  baud  xxjciL  p.  283. 

••  Proceedings  of  the  Royal  Med.  Society.  No.  8d  (18(57)^  and  No,  fM  (18<S7). 
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Vork  was  aottially  performed  wa§  compared  with  previous  and  eubseqiient 
^[ual  TViRt  perii^ds.  Some  r^xporiinents  were  performed  on  num  why  took  iio 
nitxogen  m  food  ;  others  were  on  men  on  a  constimt  diet,  &o  that  the  variation 
ppodiicetl  by  the  altering  ingress  of  nitrogen  wiis  avoided  as  far  us  possible. 

In  this  place  it  is  impossible  to  ^i\e  an  account  of  these  long  researches, 
and  I  mxLst  venture  on  a  short  aimimary.  (1.)  When  a  period  of  exercise  is 
compared  aft^r  an  interval  with  one  of  re«t  (tbe  diet  being  without  nitrogen 
or  with  uniform  nitrogen),  the  f4imination  of  nitrogen  by  the  kidneys  is 
decidedly  not  increased  in  the  exereise  perio^l  The  experiments  on  this 
point  are  now  so  nimxerous  that  it  may  be  stated  without  douhL  It  is 
poesible  that  the  elimination  may  even  be  less  during  the  exercise  than  during 
Ibe  work  period  This  would  appear  in  jsart  from  some  of  Iianke*s  and  Fick 
AQrl  Wif^licenus'  experiments  ;  from  Noyes,  as  for  as  regards  the  urea ;  and 
from  Meissner'a,  as  far  as  the  creatin  (or  creatinine)  is  concerned  ;  while  I 
found  a  decrease  both  in  the  totrd  nitrogen  and  in  the  urea,  Tlie  decrease  in 
my  exj>eriment8  was  not  incouftiderahla  Additional  observations  are,  how- 
over,  much  wanted  on  this  point 

(2.)  A\Tien  a  day  of  rest  is  compared  with  a  day  of  work  (i.e.,  a  day  with 
some  hours  of  work  and  some  hours  of  rest),  the  amount  of  nitrogen  is  almost 
or  quite  the  same  on  the  two  days  ;  if  anything  there  is  a  slight  increase  in 
the  nitrogen  on  the  rest  day.  In  a  day  of  part  exercise  and  part  rest, 
it  is  quite  possible  that  there  may  be  compt^nsatory  action,  one  part  balancing 
the  other,  so  as  to  leave  the  total  excretion  little  changed. 

(3.)  "When  a  period  of  great  exercise  is  immediately  followed  by  an  equal 
period  of  rest,  the  nitrogenous  elimination  is  increaiwd  in  the  ktter, 
Meisme/s  observadons  show  tliat  this  is  in  part  owing  to  increased  dischai-ge 
of  creatin  and  creatinine  ;  my  observatioas  &\m  show  an  iiit:reus«  of  non-uroal 
nitrogen.     But  the  urea  is  also  slightly  increased  in  this  period, 

(4.)  When  two  days  of  complete  rest  are  immediately  followed  by  days  of 
eommon  exercise,  the  nitrogenous  elimination  diminishes  during  the  &rst  day 
of  exercise.* 

f>n  the  whole,  if  I  have  stated  the  facta  correctly,  the  effect  of  exercise  is 
certainly  to  influence  the  elimination  of  nitrogen  by  the  kidneys^  liut  within 
narrow  limitai,  and  the  time  of  increase  is  in  the  period  of  rest  succeeding  the 
exervise  ;  while  during  the  exercise  pi^riod  the  evidence,  though  not  certain, 
lioints  rather  to  a  lessening  of  the  elimination  of  nitrogen. 

It  would  appear  from  these  facts  that  well-fed  persons  taking  exercise  woiUd 
re«juire  a  little  more  nitrogen  in  the  food,  and  it  is  certain,  as  a  matter  of  ex- 
perience, that  persons  undeigoing  laborious  work  do  take  more  nitrogenous 
food.  This  is  the  caao  also  with  animals.  The  possible  reason  of  this  will 
appear  presently. 

(t)  On  the  Temperature  of  the  Binly, — As  already  stated,  the  temperature 
of  the  bo*ly,  as  long  as  the  skin  acts,  rises  little^  Dr  Clifford-Allbntt,t  from 
observations  made  on  himself  when  climbing  the  ^Vlps,  X  found  his  temperature 
%aAf  unifonn  ;  the  most  usual  effect  was  a  slight  rise,  compensate<i  by  an 

*  Thit  fact  at  preMtita  refttfl  only  upon  my  ohA«rrntions  ;  it  ha.9  uti  tniportatit  liearing  on  th« 
^UrpniUtiua  or  tkw  factji  oonnocted  with  the  elimiiLalioa  of  nitrogeDt  aad  I  hope  obaervatiotii 
by  otnern  will  woon  confirm  or  dUprove  it, 

f  Alpine  Jourmil,  May  1871. 

X  In  tbff  experinieats  made  br  Dr  CalherU  *  and  bia  two  glides*  durinj^  their  ascenti  of 
Monte  Roaft  and  the  Matterhom,  in  Anturnft  1874,  no  ilepreMiaos  were  found  as  hfive  been 
l«69rded  by  other  ob«ervers.  In  none  of  the  three  persona  did  the  temperature  ever  fall  below 
8«-  4C  (-97-5  WX  or  riw  above  37-8  C.  (-HW"  PJ  Dr  Thoma*  of  Leipdc,  in  aacente  in 
SaToy  and  Dauphin^  (3,500  and  B,7dO  metres)  rould  also  find  no  lowering  of  temperatare. 

t  AivbiT  der  Hellkiuide,  187A,  p.  976^ 
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earlier  setting  in  of  tbe  evening  f alL    On  two  occasions  he  noticed  two  c 
depriisBions,  araountiDg  to  no  leas  tlian  4°^5  Falir. ;  he  believes  these 
to  want  of  food,  and  not  to  exercise  per  se.     In  experimentB  on  soldkm] 
mardiiiig,  I  have  fonnd  no  diiference  in  teTn|)erature  ;  or  if  there  wi 
slight  rise,  it  was  snliweqnently  rampensatoi  for  by  an  equal  fall,  m 
mean  daily  tcfiipeniture  remained  the  sama*     A  decided  rise  in  tem] 
during  marfliing  would  then  show  lessening  of  skin  evaporation^ 
possibly  be  an  impurtant  indication  of  impending  sunstroke. 

Chaut/e^  in  the  Mmcles. — The  cliaciiseion  on  this  hemi  involved 
obscure  physiological  points,  that  it  would  be  out  of  place  to  pnrsne  it  hew 
any  length.  The  chief  changes  during  action  appear  to  be  these  : — There 
a  fouBidcrable  increase  in  temi>emture  (Helmholtji)  which^  up  to  a  cvftiii) 
]inint^  is  prtiportinned  to  the  amount  of  work.  It  is  abo  j>ro|x^rtioiied  totki 
kind,  being  less  when  the  muscle  is  allowed  Uj  shorten  than  if  prevented  ffonk 
BlK»rtcning  {Hciilenhain}  ;  the  neutral  or  alkaline  reaction  of  the  InLU^uii 
muscle  becomes  acid  from  paradactic  acid  and  acid  potassium  phosphate ;  the 
venous  blood  passing  from  the  musclea  becomes  much  darker  in  colour,  is 
much  less  rich  in  oxygen,  and  conttuns  much  more  carbonic  acid  (Scjcelkow) ; 
the  extractive  matters  soluble  in  water  lessen,  those  soluble  in  alcohol  incinie 
(Helmholtz,  in  fi^ogs)  ;  the  amount  of  water  increases  (in  tetanus,  J.  Hanke), 
and  the  blood  ia  conBequentlj  poorer  in  water  ;  the  amount  of  albumen  in 
tetanus  is  leas  according  to  Ranke,  but  Kllbne  hna  point^^d  out  that  the  n 
bera  do  not  justify  this  inference. t  Baron  J.  von  Liebig  stat4>d  that 
creatin  is  increased  (but  this  was  an  inference  from  old  observations  on  the 
tractum  carnis  of  hunt^id  animals,  and  requires  confirmation)*  SoKikut 
stated  the  same  fact  in  resjject  of  the  frog.  Tlie  electro-motci  cuxrenta 
a  decided  diiiunution  dtiriiig  contraction. 

That  great  Tuolecular  changes  go  on  in  the  contracting  muscles  ia  oertaiii, 
but  their  exact  nature  is  not  clear  ;  acconiing  to  Ludimar  Hermaiuif  (  there  if 
a  jellydike  separation  and  coagulation  of  the  myosin,  and  then  a  resimnptioD 
of  its  prior  form,  so  that  there  is  a  continual  splitting  of  the  musculaf  ateao- 
ture  into  a  myosin  coaguhmi^  carbonic  acid,  and  a  free  acid,  and  thia 
the  main  mijlccular  movement    But  no  direct  evidence  has  bcsen  given 

The  increasr'd  heat,  the  great  amount  of  earlioQic  ai:id,  and  the  disap[ 
of  oxygen,  combined  with  the  respimtory  phenomena  already  noted,  all 
to  show  that  an  active  oxidation  goes  on,  and  it  m  very  probable  that  thia  ia 
the  source  of  the  muscular  actiom  The  oxidation  may  be  conceived  to  take 
place  in  two  waya^ — either  during  rest  oxygen  is  absorbed  and  stored  op  in 
the  muscles  and  gradually  acts  there,  producing  a  substance  which,  when 
muscle  contracts,  splits  up  into  lactic  at-id,  carlwnic  acid,  &c. ;  or,  on  the  ol 
band,  during  the  contraction  an  increased  absorption  of  oxygen  goes  on  in 
blood  and  acts  upon  the  muscles,  or  on  the  sulietances  in  the  blood  ci 
through  tbe  mU8cleB»§  The  first  view  is  strengthened  by  some  of  Pel 
and  Voit's  experiments,  which  show  that  during  rest  a  certain 
storage  of  oxygen  goes  on,  which  no  doubt  in  part  occurs  in  the  mnacles 
selves.  Indee<l,  it  has  been  infemMi  that  it  is  this  stored  up  oxygen^  and 
that  breathed  in  at  the  time,  which  is  used  in  muscular  action.  The  incneaseil 
oxidation  gives  us  a  reason  why  the  nitrogenous  food  must  be  increased  di 


m  m 

i 


♦  Proceedings  of  Royal  SocietT,  No.  127  and  No,  136. 

+  Lehrb.  iter  Phva.  Cliem.  18ti8,  p.  3'23. 

X  Untera.  liber  <len  Stoffwechs«l  der  Mti*kclii,  von  Dr  L.  Henn&an ;  WeiUro  Ui 
mr  jihya.  dcr  Mnskeln,  von  Dr  L.  HeiroaTiiJ,  ISB7* 

§  Heatnn  iQimrtedjr  tloumal  of  Sct«ac«,  184$8j  has  given  itron^  fCMon*  for  bdifi 
th«  oxklfttlon  goea  on  in  the  blood. 
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periods  of  great  exertion.  An  mcrease  in  the  supply  of  oxygen  is  n  necessity 
for  inciQa»E$(l  muacular  action  ;  but  Peitenkafer  an<i  Yoit'a  obaerviitions  (see 
pigB  Idd)  have  shown  tiiat  the  absorption  of  oxygen  ia  dcpcnd»int  on  tha 
samooiiiiiid  action  of  the  nitrogenous  structures  of  the  brxly^  so  that,  as  a  matter 
of  oomse,  if  more  oxygon  is  required  for  increased  muscular  work»  more  niti'o- 
genociH  food  is  neceasarjr^  But  apart  from  this,  although  expt^rimentd  on  the 
amoont  of  nitrogenous  elimimition  show  no  yery  great  change  on  tbo  wholu, 
thtfe  ia  no  doubt  that,  with  constant  regular  exercise,  a  muflcle  enlarges, 
baeomes  thicker,  heavier^  contains  moro  solid  matt*?!,  and  in  fact  hm  gained 
in  nitrogen.  This  process  may  be  alow,  but  it  is  certain  ;  and  th*3  nitrogen 
mixsi  either  be  supplied  by  increased  food,  or  Ije  tfiken  from  other  parts.* 

So  that  although  wo  do  not  know  the  exact  changei?  going  on  in  the  miL^les, 
it  ia,  I  presume,  certain  that  regular  exercise  pro«duces  in  them  an  adtlition  of 
mirogenoufl  tissua 

Whether  this  addition  occurs,  as  usually  believed,  in  the  period  of  rest  sue- 
Opuding  action,  when  in  some  unexplained  way  the  destruction  which  it  is  pre- 
flnmed  haa  taken  place,  is  net  only  repaired,  but  is  exceede<.l  (a  process 
difficult  to  understand),  or  whether  the  addition  of  nitrogen  Ls  actually  made 
during  the  action  of  the  muscle,!  must  be  left  uude«ided  for  the  present 

The  substiinccs  which  are  thus  oxidised  in  the  muscle,  or  in  the  blood  circn- 
Iftting  thn^ugh  it,  and  from  which  the  energy  manifcste^l,  as  heat  or  muscular 
moTement,  is  believed  to  be  derived,  may  probibly  be  of  dilleretit  kimls. 
Under  ordinary  circumstances  the  experiments  and  calculations  of  Fick  and 
Wialicenus,  ^id  others,  and  the  arguments  of  Trauhe,  seem  suflicient  to  show 
that  the  non-nitrogenous  substances,  and  perhaps  especially  the  fats^  furnish 
the  chief  substances  acted  upon.  But  it  is  probable  that  the  nitrogenous  aub- 
'*  •  ri«  also  furnish  a  contingent  of  energy,  f  The  exact  mode  in  which  the 
4V  thus  lil>erated  by  oxidation  is  made  to  assume  the  form  of  mechanical 
:  '    quite  obscure. 

Th^  Exhaustion  of  Muscles^ 

Tl\  .^  little  doubt  that  the  exhaujition  of  muscles  is  chiefly  owing  to 

- — tirst,  and  principally,  to  the  accumulation  in  them  of  the  produda 

wn  action  (especially  para-lactic  acid) ;   and,  secontlly,  from  the  ex- 

lidMifltiou  of  the  supply  of  oxygen.     Hence  rest  is  necessary,  in  order  that  the 

blood  may  neutralise  and  carry  away  the  products  of  action,  so  that  the  muscle 

*  Tbe  nrftjr  hi  which  a  ri|(onmtly  &ctf ng  part  will  rob  the  body  of  nitrogen,  and  thus,  la  wmm 
caiM  cftuae  death,  U  seen  m  manj  caaei  of  disease.  A  rapidly  jrrowing  cancer  of  the  liTcr,  for 
«SMBpbr  takei  eo  much  nitrogen  aa  well  as  fat  that  it  actoallj  starves  the  rest  of  the  body. 
and  Doth  Tolontary  muscles  and  heart  waste.  This  is  the  caee,  tbongb  H  U  lew  marked,  wiih 
KTOwifig  tumoari  of  other  parta^  and  with  great  dbchargea.  Powerfiil  muscular  action^  if  the 
Joorl  i«  not  increased,  evidently  acts  in  something  the  aanie  way  ;  the  health  is  greatly  affected, 
ADd  the  heart  especially  tmU. 

f  I  have  anggeeted,  in  a  Pnper  in  the  Proceeding  of  the  Royal  Society,  No.  94,  IS67,  this 
vieWj  ivIiiQli  seems  to  me  not  only  in  occonUnce  with  tlie  facU  of  the  nitro^nous  elimination  as 

raiknovni,  but  to  agree  with  Pettenkofer  and  Voit's  experiiiietilA  on  the  storing  up  of  the 

~~iea  avl  ita  probable  action  during  rest  But  I  do  not  think  rt  in  de^^irabte,  until  luztny 
!  etperimencs  hare  been  mnde^  to  accept  this  view  in  any  other  light  thfin  an  hypothesis. 
If  it  be  correct,  it  will  have  important  conaeqaeaoes  on  tbe  doctrine  ot  nutritiou,  but  it  would 
be  pr«matare  to  use  it  at  present  to  explain  the  phenomena  of  grc»«rth  and  di-cay. 

;  Pavy  showf,  in  his  observations  on  Weston  and  Perkiiis,  that  the  excess  of  nitroffcn 
(?liinin3t(<:d  iltirin};  the  walking  period,  over  the  period  of  r^it,  was  equivalent  to  about  549 
foot  ton^  per  man  per  dietn.  The  total  average  daily  work  done,  he  atAtea,  at  1264  foot^toaa, 
Uut  this  is  an  unoer-estiniate,  as  the  velocity  was  apparently  greater  than  that  of  averagQ 
^v&lktng,  th0  ooeffldent  of  which  (^)  he  sasumes  aa  the  proportion  of  reeisrtance,  N.B.— One 
gnia  of  nftroffsn  eliminated,  repreaenta  an  amount  of  albuminate  expende<i ,      >  f  yielding 

§Am^  S*4  itAUmM  of  potential  energy.    Although  senna  of  the  excens  of  !  imlnated 

dviig  eivoiee,  aa  noted  above,  may  have  been  due  to  disintegration  i  i  ^,  port  of  il 
WM  wem  (twdoubtedly)  to  changes  in  other  tissues,  bat  a  ooosiderable  amount  is  due  to  dinol 
oiidatioiD  <A  albuminous  food. 

2d 


418  r  EXERCISE, 


^ 


mikj  recover  its  neutrality  and  its  nomml  electrical  CErrents,  and  maj  again 
acquire  oxygen  in  stifiicient  quantity  for  the  next  contractiou.  In  the  c^se  of 
all  muacles  theae  intenrala  of  action  and  of  exhaustion  take  plac«,  in  part  even 
in  the  period  which  is  called  exercise,  but  the  rest  is  not  sufficient  entirely  to 
restore  jL  In  the  case  of  the  heart,  the  rest  between  the  contractions  {aboul 
two-thirds  of  the  time),  is  sufficient  to  allow  the  muscle  to  perfectly  recover  iteelf. 

The  body  after  exertion  eagerly  absorbs  and  retains  water ;  the  water, 
though  taken  in  laiige  qnantitiaei,  does  not  pass  off  m  rapidly  as  usual  by  the 
kidneys  or  the  skin,  and  instead  of  causing  an  augmented  metamorphosis,  as 
it  does  in  a  state  of  rest^  it  produces  no  effect  whatever  80  completely  is  it 
letained,  that  although  the  skin  has  ceased  to  perspire,  the  urine  does  not  in- 
oreaae  in  quantity  for  several  boors.  The  quantity  of  water  taken  is  some- 
times 80  great  as  not  only  to  cover  the  loss  of  weight  caused  by  the  exercise, 
but  even  to  increase  the  weight  of  the  body. 

We  can  be  certain,  then,  of  the  absolute  necessity  of  water  during  and  after 
exercise,  and  the  old  rule  of  the  trainer,  who  lessened  the  quantity  of  water  to 
the  lowest  point  which  could  be  borne,  must  be  wrong.  In  fact,  it  is  now 
being  abandoned  by  the  best  trainers,  who  allow  a  liberal  allowance  of  fluid. 
The  error  probably  arose  in  this  way  :  if,  during  great  exertion,  water  is 
denied,  at  the  end  of  the  time  an  enormous  quantity  is  often  drunk,  more,  in 
fact,  than  is  necessary,  in  order  to  still  the  overpowering  thins t.  The  sweating 
which  the  trainer  had  so  sedulously  encouraged  is  thus  at  once  compensaled^ 
and,  in  his  vie%v,  all  has  to  be  done  over  again.  All  this  seems  to  be  a  mis- 
apprehension of  the  facta.  The  body  must  have  water,  and  the  proper  plan 
is  to  let  it  pass  in  small  quantities  and  frequently  ;  not  to  thuj  it  for  hours, 
and  then  to  allow  it  to  pass  in  in  a  deluge.  The  plan  of  giving  it  in  email 
quantities  fre*iuently,  does  away  with  two  dangers,  vh.^  the  rapid 
a  laige  quantity  of  cold  water  into  the  stomach  and  blood,  and  the 
more  than  is  necessary.* 

In  the  French  army,  on  the  march,  the  men  are  directed!  not  to  drink ;  but 
if  very  thirsty,  to  hold  water  in  the  mouth,  or  to  carry  a  bullet  in  the  moul 
It  is  singular,  in  that  nation  of  pmetical  soldiers,  to  find  such  an  oi 
Soltliers  ought  to  be  abundantly  supplied  with  water,  and  taught  to 
small  quantities,  when  they  begin  to  feel  thirsty  or  fatigueil  II  they  on* 
hot,  the  cold  water  may  be  held  in  the  mouth  a  minute  or  two  before 
swallov^ing,  as  a  precaution ;  though,  I  must  say,  as  far  as  I  have  seen,  1 
have  never  known  any  ill  effects  from  drinking  a  modeiate  quantity  of 
irater,  even  during  the  greatest  heat  of  the  Ixidy.f 

General  Effwt  of  Exercise  an  the  B*?fiy,  lujuffged  of  hj  the  precMhtj  fads^^ 
The  main  effect  of  exercise  ia  to  increase  oxidation  of  carbon,  and  perT 
also  of  hydrogiBn  ;  it  also  eKminates  water  from  the  liody,  and  this  action 
tinues,  as  seen  from  Pettenkofer  and  Voit*8  experiments,  for  some  time  ; 
exercise,    the   botiy   is  therefore  poorer  in  water,  especially  the   blood; 
iucreases  the  rapidity  of  circulation  everywhere^  as  weUas  the  pressure  on 
vessels,  and  therefore  it  causes  in  all  organs  a  more  rapid  outflow  of  pi 
and  absoq^tion,— in  other  words,  a  quicker  iienewal.     In  this  way  alao 
removes  the  prwlucts  of  their  action,  which  accumulate  in  oi^ns;  and 

♦  It  it  bat  right  to  Miy  tliat  mttny  travellerg  of  great  experience  have  expreawd  great  fear 
«)f  water  under  exertion,  Some  of  them  have  inost  strongly  nigpd  that  ''water  be  avoidoi 
Hks  poison/'  and  hnve  stated  that  a  laTi^e  qaaotlty  of  butt«r  ia  tbe  belt  preventive  of  thiifft. 
At  any  rate,  the  btitter  may  be  excellent,  but  a  little  water  ia  a  neceKuity. 

f  Horses  alAD  u»tKl  to  be,  and  by  some  are  now,  deprived  or  stinted  of  water  dnhJig  ezerciar. 
But  in  India,  the  native  horsemeii  give  their  horaee  drink  as  often  aa  they  can;  and  Dr 
KJcholjicin  t^lU  me  thiA  Is  the  case  with  the  Cape  horses ;  even  when  the  horeea  are  fwvatiag 
profiuiely,  the  men  wUl  ride  ihesi  into  a  river,  bathe  their  si  its  and  allow  tlieia  to  drinlL 


aageol 
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tll6  poweTof  action  to  the  varioos  parte  of  the  boily.     It  m«rea«e8  the  outtiow^ 

of  warmth  f mm  the  body  by  increiisiiig  pers|iimtioii.     It  therofonj  8tr6iigth*?Ti8 

ill  mrte.     It  must  be  combinetl  with  iuerf  ast^d  supply  both  of  nitTogLiii  and 

earoon  (the  lattef"  j^jesibly  in  the  fonn  of  fat)  otherwise  the  ahsoqdion  of 

oxygen,  the  molecular  changes  in  the  nitrogenous  tisanes,  and  the  eliinintition 

of  carlmn,  will  Vie  checked.     Tiicre  must  be  also  an  increased  siipfily  of  salts, 

laly   of   chloride   of  sodium;   pRibably    of   jiotiussiiim   pbosplmUi   and 

iiie.     There  must  he  proj^n^r  intervals  of  re^t,  or  tlie  st<jre  of  oxygen,  and 

of  the  mak^rial  in  the  miisclra  which  is  to  Iw  meUimorphosed  dming  contrac- 

ticm^  cannot  Uike  place.     Tbe  integritj*^  and  perfect  fiefHloni  of  action  both  of 

the  lungs  and  heart  are  essential,  otherwise  neither  absorption  of  oxygen  nor 

eiimination  of  carbon  can  go  on,  nc»r  can  the  necessary  increased  sapply  of 

\  Uood  he  supplied  to  the  acting  muscles  without  injury. 

In  all  these  points,  the  inferences  dedaciblefroui  the  physiological  iii»inirie8 
to  be  finite  in  hannony  with  the  teacliings  of  experience. 

SECTION  IL 
AMOUNT  OF  EXERCISE  WHICH  SHOULD  BE  TAKEN. 

It  woidd  be  extremely  importiint  to  determine,  if  p^^issible,  the  exact  amount 
of  exercise  which  a  healthy  adult,  man  or  woman,  should  lake.  Every  onw 
knows  that  great  en^ors  are  committed,  chiefly  on  the  side  of  defective 
exetciseL  It  is  not^  however,  easy  to  fix  the  amount  even  for  an  average 
maa,  much  less  to  give  anynde  which  shall  apply  to  all  the  divers  eonilitions 
of  health  and  strength,  lint  it  l%  I  thinks  certain  that  muscdar  work  ia  not 
itnily  a  necessity  for  health  of  l>o<ly,  but  for  mind  also  ;  at  legist  it  has  seemed 
to  me  that  diminution  in  the  size  of  the  body  from  deficient  muscular  work 
seems  to  lead  in  two  or  three  generationfl  to  degeneratB  mental  form[*tion. 

The  external  work  which  can  be  done  by  a  man  daily  has  been  estimated 
at  yth  of  the  work  of  the  horse  ;  but  if  the  work  of  a  horse  ia  considered  to 
be  enjual  to  the  1-boree  power  of  Bl  steam  engine  (viz.,  33,000  !b  raised  1  foot 
liigh  i>er  minute,  or  8839  tons  raised  1  font  high  in  ten  hours),  this  must  he 
an  over-estimati?,  as  f  tb  of  this  would  he  1 263  tons  raisevl  1  foot  in  a  day'a 
irork  of  ten  hours.*     The  hardest  ilay*s  -work  of  twelve  hours   1  have  ever 

•  In  Mimt  works  on  physiology  a  man'ji  work  of  ^ipht  hoars  haa  heen  put  aa  high  as  816,500 
icHogniimiBnietreH,  or  1O20  tons  lifleil  a  foot ;  but  thi>  is  far  too  mudi. 

In  this  oountry,  the  nmount  of  work  done  is  gen«rftl]}r  esttQ&&t«d  as  so  many  tba.  or  toon 
lUled  1  foot  In  France  it  h  expresaecl  as  so  many  kUo^ammea  lifted  1  metre,  KUogramme* 
xoetres  are  converted  into  foot-jwunds,  by  mnlti plying  by  7' 233.  To  bring  at  once  into  tons 
Siltod  a  foot,  multiply  kil«>grnm  me  metres  by  "(M>;^22y.  The  followinsr  table  may  be  useful,  iw 
•jipreaiing  the  amount  of  work  done.  It  ia  taken  from  Dr  Haughton's  work  (A  New  Theory 
of  Mnsoiyar  Action).  The  numbem  are  a  little  dilTerent  from  tboM  given  l^  Coulomb,  as 
tliey  were  recalculated  by  Dr  Hanghton  in  \H63. 


LAlMWaUlO    FOKCK  <JF  Ma5. 

KtedwfWoft 

Amoant  of  Work, 

Amhnriif, 

Pnednving,           ,           ,           .           , 

812  tons  liacd  1  foot. 

Coulomb. 

Pile  driving 

352        „ 

Lamaude. 

Turning  a  winch,  .            .            ,            . 

374        „ 

Qonlonib. 

Portare    carrying   goods    and   retuniing  \ 
miladea,                        .           ,           . } 

325        „ 

** 

Pedlara  always  loaded,      . 

303 

t^ 

Porteni   czuryiug  wood  ftp  A  aUir  and) 
retnming  unlcN^ed,        .            .            ,  ( 

SSI 

tt 

Pavioiirs  at  work, .... 

S$2       ,, 

Haiigbton. 

Military  prisoners  at  ihot  drill  (3  boon), » 
and  oakum  picking,  and  drill,    ,           .  f 

810       , 

1* 

Shot  drill  almio  (3  boars). 

ieo*7   „ 

rt 
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myself  known  a  man  do»  was  in  the  caae  of  a  workman  in  a  copper  rolling- 
TnilL  Ho  statetl  timt  be  occaaionally  raised  n  weight  of  90  !f>  tu  a  bei^^Lt  of 
18  inches,  12,000  times  a^iay.  Supposing  thb  to  be  correct,  he  would  raieo 
723  tons  1  foot  hi>;L  But  this  much  overpasses  the  usual  amount  The 
same  man's  ordinary  day's  work,  which  ho  considered  extremely  hanl,  was 
raising:  a  weight  of  124  lb  16  intdieB,  5000  or  6000  times  in  a  day.  Adopting 
the  larger  number,  thisi  would  make  his  work  equivah-ni  to  442-8  tons  lifted 
a  foot ;  and  this  was  a  hard  day's  work  for  a  powerful  mam  Some  of  the 
puddlers  in  the  iron  country,  and  the  glass-blowers,  probably  work  harder 
than  thiB  ;  but  I  am  not  aware  of  any  calculations*  I  learned  from  a  pedlar^ 
that  an  onlinary  day's  work  vfns  to  carry  28  li  twenty  miles  daily.  The 
weight  isbalaneei!  over  the  shoulder,— 14  fti  beliiml  and  14  It)  in  front.  The 
work  is  equal  to  41 9  5  tons  Hfttid  I  foot.  It  would,  therefore,  seem  certain 
that  an  amount  of  work  eqnal  to  500  tons  lifted  a  foot  is  an  extremely  hard 
day's  work,  which  ]H?rhaps  few  men  could  contiime  to  da  400  tons  lifted  a 
foot  is  a  hard  day^s  work,  and  300  tons  liftetl  a  foot  la  an  average  day's  watk 
f()r  a  healthy,  strong  adult. 

The  external  work  is  thus  300  to  500  tons  on  an  average ;  the  internal 
work  of  the  heart,  muscles  of  respiration,  digestion,  d'c,  ba^  been  variously 
estimated  ;  the  estimates  for  the  heart  alone  vary  from  122  to  277  tons  lifted 
a  foot.  The  former  is  that  given  by  Haughton,  who  e^tiniati^s  tbe  respiratory 
movements  as  about  11  t^ms  lifted  afoot  in  34  hoima.  Adtipting  a  mean 
number  of  260  tons  for  all  the  iiitenial  mechanical  work,  and  tbe  external 
work  of  a  mechanic  being  300  to  500  tomi,  this  will  amount  to  from  |th  to 
Jth  of  all  thy  frtrce  olttainable  from  the  footl 

The  exertion  whitdi  the  infantry  soldier  is  called  upon  to  undergo  is  chiefly 
drill  and  carryiuf^  weij^ht^  on  a  If^vel,  or  over  an  uneven  surface. 

The  Reverend  Professor  HanghtoQ^  ALD.,  who  is  so  well  known  for  hi* 
important  contributions  to  physiology  and  medi<:ine,  has  si j own  that  walking 
on  a  level  surface  at  the  rate  of  abtrnt  3  milea  an  liour  Ls  equivalent  to 
raising  ^\j^th  part  of  tbe  weight  of  the  Wly  through  the  distance  walked ;  an 
easy  calculation  changes  this  into  the  weight  raised  1  foot*  Wlien  ascending 
a  height,  a  man  of  course  raises  his  whole  weight  through  the  height  ascended- 

Using  this  formula,*  and  assuming  a  man  to  weigh  1501b  with  his  clotlwa, 
we  get  the  following  table  ;— 

Kind  of  hxcTclMe.  jj,^^  ,  ^^^ 

Walking  1  mile, 17-67 

„        2     „     . 

»       10 

»       20    „ 

„         1     „  and  carr^'ing  60  ff), 

it  *^  J>  *T  •  • 

1»  ^t/  ,,  -, 


It  nmy  be  interu-Htins?  to  jyivti  some  examples  of  work  doue  ia  India  by  niitires,  whioh  hmn 
L^fTi  ^ven  me  liy  Dr  "ie  (-'Imiimont  :- 

A  Leptclia  Idli'coolie  will  fjo  from  PtmkabArree  to  DarjeeUng  (thirty  miles,  an*!  an  uceiti 
55(K)  feet),  ia  three  days,  lyirryiriR  80  Itv  weipht,  tlie  weight  ia  earned  on  •  frame  supported 
tiie  loina  and  aaurum^  miA  aided  or  n  band  pabi$&d  round  the  forelieid. 

Work  per  diem*  500  tona  liftod  1  foot. 

Eight  palaiioiiin  benrera  carried  an  otHcer  weigh  in  j^  ISOIb.  nnd  pnlnnquin  wei3:hing 
tweDty-flive  nuileM  in  Lower  BeugaL  A^umlng  each  man  wt'igUed  150  to  the  work  « 
tona  lifted  &  foot 

•  The  formula  is      2Qx*^->lO     '  ^^^^  W  is  the  weight  of  the  penon,  W^  tk»  weight  car- 
ried ;  D  the  difitancu  walked  in  feet ;  20  the  coefficient  of  traction  ]  and  2210  the  anmher  of 
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It  ifl  thufi  seen  tliat  a  march  of  ten  miles,  with  a  weight  of  60  Jb  (which  is 
natu-ly  the  weight  a  soldier  carries  wh«n  in  marcLing  order,  but  without 
Uankets  and  rations),  is  a  moderate  day's  worL  A  twenty-milii,'?'  march,  with 
60  lb  weight,  is  a  very  hartl  day's  work.  As  a  continued  lahouring  elibrt^  I>r 
Hniigbton  believes  that  walking  twenty  mih>8  a-day,  without  a  hiad  (Sunflay 
being  rest),  ia  good  work  (353  tons  lifted  a  iotyi) ;  *50  that  the  hmd  of  60  tt> 
additional  woidVl  make  the  work  ti>o  hanl  for  a  continuance.* 

It  must,  however,  be  n'menihered,  that  it  ia  undenit-jovl  that  the  walking  is 
on  level  ground,  and  is  done  in  the  ea^iiest  manner  to  the  person^  and  that  the 
•weights  which  are  carried  are  properly  disjwjsexl.  The  bbour  iA  greatly 
increjised  if  the  walk  is  irkiaome,,  and  the  weight*  are  not  well  adjusted.  And 
this  is  the  case  with  the  soldier.  In  marchings  his  attitude  is  stiff ;  he 
observes  a  certain  time  and  distance  in  each  step ;  he  ha^  none  of  thc»8e  shorter 
and  longer  steps,  and  slower  ami  mort<  rapiii  motion^  which  assiat  the  ordinary 
pedestrian.  It  may  be  que*ftioned,  indeetl,  whether  the  formula  does  not 
trnder-estimate  the  amount  of  work  actually  done  by  the  sijldier.  The  work 
becomes  heavier,  toc»j  Le.y  more  exhausting,  if  it  is  done  in  a  ehorter  time  ;  or, 
in  other  wonls,  velocity  is  gained  at  the  cxx)ens©  of  carrying  J30wer.t  The 
Telocity  in  fact,  i.e.,  the  raU^  at  which  work  is  done,  is  an  im|wjrtant  element 
in  the  question,  in  consequence  of  the  tstrain  thrown  on  tiie  heart  taid  lungs. 
The  Oxford  boat  races — ro\\ing  at  racing  speed  (==  1  mile  in  7  minute*)  in  an 
Oxford  eight-oar,  or  18*56  foot-tons  In  7  minutes^  is  not  apparently  very  hard 

poniidf  in  a  ton,    'Vhe  result  la  Iht  nimiber  of  tons  raised  1  foot    To  got  tbe  difttanco  ia  fe«t» 
multiply  52^)  by  tliv  oaoiber  of  milw  walked. 

*  I  calculatt^d  the  workdotte  by  the  ftledge-partiet  in  the  Arctic  Kxpeditiou  of  1875-6,  and 
found  that  the  Northern  partv  (MArkhani's),  did  a  uie&a  of  574  foot-toiia  per  niim  p«i-  diera^ 
wtth  a  niiiximuni  of  8S0 ;  the  Weetern  party  (Aklnch'ti)  did  a  mean  of  44S,  and  a  maxiinuiu  of 
orer  600.  £ven  thu  large  amount  wae  considered  un  under-efttimate  by  the  Commatidcn. 
(Sea  Beport  of  Committtw  on  Outbreak  of  Scurvy  (Blue  Book)  App,  24,  p.  3do).     (J*  <le  C.] 

+  Dt  Haughton  (Piinrtplea  of  Animal  Meclianic*,  2d  ed,  pp.  66  and  67] 
from  the  calculationa  of  the  MM.  Webvr,  the  coeflicJeut  otf 
follows  :— 

HiU»  per  Moor. 

1-818 

4  363 

10-577 

Interpolating  between  tbe»o  nund^ejrs  wo  can  obtain  tlie  cocflicienlA  at  otht?r  velodtiei.  The 
foUowing  table  shows  th«  coefficients,  the  distance  in  mllca  that  would  t^qual  300  foot-toiia 
for  a  man  of  IGO  lbs,  and  Uie  time  m  hmin  and  minatea  that  would  he  riKiuircd  without  rest  :'— 

Pistmncc  ior  Men  of 
140  lb,  ta  cqtxai 
JMXl  fMiMotu. 


66  am 
for 


i7y  has  deiernilnedf 
three  velooities^  oa 


Velorftr  in  Mllea 
pw  Hum. 


Co-HBcitnt  of 


Co-eiflrlinit  of 


Tim*  roquircd  In 
Houm  Slid  Hliiutc*. 


2 
i 

7 
8 

10 


WVt 


'I: 

TTf 


212 

16-8 

188 

ll'S 

9 '6 

S6 

7« 

e'9 


IL 

10 
5 
8 
2 
1 
1 
U 
0 

a 


36 
24 
18 
36 
86 
12 
67 
46 
38 


The  ooeffieieni  ^  corresponds  very  neatly  to  3'1  mites  an  hour,  and  this  appears  to  be  tlu 
rate  at  which  the  greatest  amount  of  work  can  be  dooe  at  the  least  expenditure  of  enei^gy. 
(Bee  Table  X  Vni. ,  p.  186,  Lectores  on  SUte  Medicine,  by  F.  de  Chanmont >  As  i««ardj  velocityp 
Vt  Haughton  states  tbe  "  Uw  of  FatigusL*  aa  follows :— "  When  the  same  mnacTe  (or  group  of 
tiinscles)  IS  kepi  in  constant  action  till  fatigue  seta  in,  the  total  work  done,  niultlpUnl  bv 
the  fata  of  work,  is  constant."  The  *^  Law  of  Befteahment "  dcjjeuds  on  the  rate  at  whidi 
arterial  blood  is  supplied  to  the  muscles,  and  the  '*  Coefficient  of  H«fre«hnient  **  is  the  work 
restoied  to  the  muscles  tn  foot  jiounds  per  ounce  of  mnacle  per  second  ;  for  voluntary  muscle 
it  is  on  sn  average  0  1309,  and  for  the  heait  0**^^77,  or  exactly  equal  to  tlie  work  of  tne  heart, 
which  never  tires.    [F.  de  C.] 

:  Training,  by  A.  BUelaira,  p.  168. 
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-work,  Init  it  is  very  Bevere  for  the  time,  as  its  eflect  is  great  on  tiie  circulatory 
BystenL 

Looking  at  all  these  results,  and  considering  that  the  most  healthy  life  ia 
thtit  of  a  man  imgiiged  in  manual  Lihour  in  the  free  air^  mid  that  the  daily 
work  will  prohabiy  aver^gie  from  250  to  350  t^  ms  hftwl  1  foot,  we  can  perhaps 
say,  as  an  approximation,  that  every  healthy  Diaii  ought,  if  pofl^sible,  to  tJike 
a  daily  amoimt  of  exercise  in  some  way,  which  shall  not  ho  less  tkau  150  tons 
lift  lid  1  fLHjt.  This  amount  is  equivalent  to  a  walk  of  alxjut  9  miles  ;  hut 
then,  as  ther«  is  muuh  exertion  taken  in  oixlinary  hiisiuesa  of  life,  this  amount 
may  he  in  many  casea  r^duciid.  It  is  not  possible  to  lay  down  rules  to  meet 
all  cases ;  hut  probably  every  man  with  the  above  facts  before  him  could  fix 
the  amount  necessary  for  liimself  with  tolerable  accuracy. 

In  the  case  of  the  soLJier,  if  he  werv  allowed  to  laarch  ea^^ily,  and  if  tha 
weights  were  not  oppressively  arranged,  he  onght  to  do  easily  12  milt^  daily 
for  a  long  time,  provided  be  was  tiHowed  a  peritjdieal  rest  But  he  could  ndt 
for  many  days,  without  great  fatigue,  march  20  mile^  a  diiy  with  a  60  lb  load, 
unless  he  were  in  good  condition  and  wc^U  fed  If  a  greater  amount  still  is 
dt^nifrnded  from  biiu,  lie  nmst  have  long  subset  jui'nt  rtsst  But  all  the  long 
marclies  by  our  own  or  otlicr  amiica  have  Ix^en  made  without  weights,  except 
arms  and  a  portion  of  ammunition.  Then  great  di^tancea  have  been  traversed 
by  men  in  good  training  and  condition, 

SECTION  IIL 

TRAINING, 

The  aim  of  the  "  Trainer  "  is  to  increase  breathing  power  ;  to  make  thl^ 
muscular  action  more  vigonme  and  enduring,  aud  to  lessen  the  amount  of  fat 
He  arrives  at  his  result  by  a  veiy  careful  diet,  containing  little  or  no  alcohol ; 
by  regidar  and  systc^matic  exercise  ;  and  by  increasing  the  action  of  the 
eiiiiiinating  organs,  es|wcially  of  the  skin. 

WTiat  the  "  Trainer  "  thus  accomplishes  is  in  essence  the  following  :  a  con- 
coiniant  action  is  established  between  the  heart  and  bl«iod-vessels,  so  that  the 
8tiN3ng  action  of  the  hetyt  during  exeixjise  is  met  by  a  more  perfect  diktation 
of  the  vessels,  and  there  is  no  blockage  of  the  flow  of  blood  ;  in  the  lungs,  the 
blood  not  only  pisses  more  freely,  hut  the  amount  of  oxygen  is  increased,  and 
the  gradual  im]>rovement  in  breathing  power  is  well  seen  when  horses  aie 
watched  during  training.  This  recipri>tud  acti^^n  of  heart  ami  hlood-vessels  ift 
the  most  important  point  lu  training;  the  nntrition  of  nerves  aJid  muse  "~ 
fibres  impntves  from  the  constant  action,  and  the  abundant  supjdy  of  f« 
the  tissue  changes  are  more  active^  and  elimination,  es|w:?uially  of  carbon, 
creases.  A  higher  condition  of  health  ensues,  and  if  not  carrie*i  to  exi 
"  training  "  ia  simply  another  word  for  healthy  and  vigorous  living.* 


elsiA 
cul^H 
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*  Of  course,  over-trainiEg  may  be  hurtful,  l)ut  anything  nan  be  cmiritHl  too  far,  I  can  only 
refur  to  Dr  Moron's  highly  interostiaff  and  well-worktid  out  tivAtise  on  University  Oara,  to 
flhow  that  rowmi^  in  Iieuelicial.  I>r  Le«  haa  publi^lied  a  usefol  little  book,  Exttrctae  ftod 
Tmming,  by  R.  Lee,  M.D.,  with  some  good  advico  on  tnxiniiig* 


CHAPTER    Xlir. 
CLOTHING. 


Thk  objects  of  clothing  are  to  protect  against  cold  and  against  w.innth  ;   alj 
other  uses  will  be  fuiind  to  resolve  thpm8elve«  into  one  or  other  of  the««. 

The  subject  naturallj  divides  itself  into  two  parts — Id,  The  maiefiak  of 
clothing  ;  and  2d,  The  make  of  the  garments,  whicli  will  be  considered  ill 
Book  II,,  and  only  as  far  as  the  soldier  is  ceneerned. 

Materials  of  Clothing. 

Tbe  folloiring  only  will  ba  deecrihod  : — ^Cotton,  Hneii,  jute,  wool,  leather, 
and  india-rubber. 

Cfietnicui  RecM'tion. — These  materials  are  all  easily  distinguished  by  micro- 
aoopical  characters,  hut  cert^iin  chemleal  reaetions  may  l>e  useful.  Wool  and 
fiHk  dissolve  in  boihng  Mf^uor  potjii^s;eor  liquor  sodiB  of  sp,  gr.  1040  to  1050; 
cotton  and  hnen  are  not  attacked.  Wocd  is  little  altered  by  lying  insidphuric 
acid,  but  cotton  and  hnen  change  in  half  an  hour  into  a  gelatinous  niass^ 
which  is  coloured  blue  by  iotiiue.  Silk  is  slowly  di^^solved  Wotjl  and  silk 
take  a  yeUow  colour  in  strong  nitric  acid ;  cotton  and  liutm  do  not^  So  also 
wool  and  silk  are  tinged  yellow  by  picric  acid ;  cotton  and  linen  nrt^  not,  or  the 
colour  is  slight,  and  can  be  washed  ofil  Sdk^  again,  is  dissolved  hy  hot  con- 
f^ntrated  chloride  of  zinc,  which  wHl  not  touch  wooL  In  a  mixed  fabric  of 
igilk,  wool,  and  cott4>ii,  first  boil  in  strong  chloride  of  zinc,  and  wa^ih  ;  this 
geta  rid  of  the  silk  ;  then  boil  in  liquor  sodie,  which  dissolves  the  wool,  and 
the  cotton  is  left  behind.  Another  reagent  is  recommended  by  Schlesinger, 
viz.,  a  solution  of  copper  in  ammonia  ;  this  nqidly  dissolves  silk  and  cotton, 
and,  after  a  longer  time,  linen;  wool  is  only  somewhat  swollen  by  it  By 
drying  thoroughly  Jirst,  and  after  each  of  the  above  steps,  the  weight  of  the 
respective  materiab  can  be  obtained.^ 

Coiton — Miero»64ypie  Charaders, — A  diaphanous  auhstance  forming  fibres 
about  ^Q^f^^th  of  an  inch  in  diameter,  flattened  in  shape,  and  ril>and-like,  ivith 
an  interior  canal  which  is  often  oblitenited,  or  may  contain  some  extractive 
mattere,  borders  a  little  thickened,  the  Jibres  twiated  at  intervals  (about  600 
times  in  an  inch).     It  has   been  stated   that   the  fresh  cotton  fibre  is  a 

•  If  other  fftbrica  than  those  tnestiooed  in  the  teid  b«vB  to  he  examined,  the  best  book  to 
coiLaalt  U  0r  Bchlesinger*!  Mlkroflcopieche  l?Dtt*n4uck  der  Geepmnst-Fiuern  (Zurich,  I87d), 
wlierc  platea  will  be  fotiiid  of  m&ny  of  the  fibre*  of  commeroe.  The  following  are  the  chief 
rtragenU  mmtl  by  Seh1«i^inger  : — 1st,  ttrong  and  weak  ^sulphuric  acid^  to  dsAaolve  or  iwell  out 
the  tibrwi^  and  afsct,  with  iodine,  to  teat  for  cellulofie.  2i/,  Nitric  acid,  especially  to  show  the 
markittgii.  3c/,  Cbroniic  acid,  a«  the  beat  aolvettt  for  the  intercellular  suhatance,  and  for  the 
awelliog  oat  in  •olutlon  of  tue  eel lu lone ;  it  ia  often  u«fd  with  aaJphuric  add.  ith^  Dilute 
tincture  of  iodine^  which  la  added  to  celluloee,  and  then  sulphuric  acid  ia  nwd.  &<A,  Bolution  of 
copper,  made  by  di^olviupr  metallic  copper  in  ammonia  :  tbia  dissoWei  cell- niemb nine .  €(A, 
Sulphate  of  aniline,  which  colours  lignite  Yellow.  7th,  Liquor  potaasjc  (dilute),  to  rcnder 
the  fabHcs  transpomit.  He  advisee  the  faoric  to  be  put  ou  a  slip  of  ghu»,  and  then  a  drop 
of  water  to  be  phioed  on  it ;  then  a  needle  should  be  drnwn  two  or  three  timea  tn  the  direction 
of  the  fibres,  which  will  be  eaiiily  detached.  Then  the  fibre  is  laid  ou  a  glass  and  the  reagent 
is  applied.  * 
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cylindrical  liair  with  tMn  walls,  wHch  collapeee  and  twists  as  it  becomes  diy. 
Iodine  stains  tbem  brown  ;  iodino  and  sulphuric  acid  (in  very  small 
quantities)  give  a  blue  or  violet  blue ;  nitric  acid  does  not  destroy  them,  but 
unrolls  tbe  twists. 

As  an  Article  of  Drt*ss. — The  fibre  of  cotton  is  exceedingly  hard,  it  weais 
well,  dot]i8  not  shrink  in  waabing,  is  very  nonabsorbent  of  water  (either  into 
its  substance,  or  between  the  fibres),  and  conducts  heat  rather  less  rapidly 
than  linen,  but  much  more  rapidly  than  wool,* 

The  Milvant^iges  of  cotton  are  cheapness  and  durabibty  ;  it«  hard  non- 
absorbent  fibre  places  it  far  below  wool  as  a  warm  water-absorbing  clothing* 
In  tho  choice  of  cotton  fabrics  tbere  is  not  much  U^  be  said ;  smoothness 
evenness  of  texture,  and  equality  of  spinning  aie  the  chief  jK^iiits. 


Fig.  fl&.— Cottoji  X  985* 


Fig.  IO0.-Uneii  x  285. 
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*  Late  ejqi«nment«  bare  been  mftde  m  tbe  coDdttctiog  pQiwt  of  iii&temla  by  Coulicj  (Pro- 
intor  of  Cbemiatry  »t  the  Ytl  da  QiUceh  and  b^  Dr  HAHUDOiid  (late  Surgeon -Genera  I,  United 
States  AmijJ.  In  both  etkaee  a  polialiea  metallic  vesad  was  illled  with  hot  water  of  a  known 
tcCTiperBtm^f  a  delicate  thermometer  in  verted,  and  the  tmmI  ma»  kung  Ln  an  empty  room  ;  the 
time  required  for  cooling  to  a  given  point,  when  the  vaasel  vaa  tmccvered  and  covered  by 
different  labrioi,  was  noted  bj  the  obierv^  at  a  diatanoe  with  a  oui^tuf^iDg  gla" 
Coulier'fi  MarperimenU. 
TuxM  raqaired  for  cooling  from  122^  Fiihr. 
to  IH"  Fahr. 

Teasel  nncovered, 
„    cov43ied  vriUi  cotton  ahirting, 
90  M  p  IJJuingH, 

^  ^  hemp  linlugf 

19  M  bine  woollen  cloth 

for  uniforms,    14        15 
m  ft  wd  do.,  for  uni- 

forma,        .      14       60 
t,  „  bine  do.,  for  great- 

^  ,^  OOfttli^     .  .       15  5 


iJammonas  £;rpmiii«n<t. 

Time  required  for  cooling  from  1^  Filir. 

to  140"  FiOii^ 

Mtn. 

Vessel  nn  covered        *       .        .15 

„    covered  with  cotton  uhirting,  f 


linen  shirting, 
white  flanneU 
dark  bhie  wool- 
len cloth,    , 
li^ht  bine  wool 
ionclf^f   . 


7 
13 


49 
f4 

95 


Tig,  102.— Jute— United  and  «iiigl«  elongated  celhilnr  tiiwties.    Resinom  (f)  watter  adhering 
more  or  less  to  oil  the  ibrea. 

Am  an  ArHcle  of  Clothing. — Linen  conducts  lieat  and  absorbe  water  elightl^^ 


d 


426 


CI-OTHINa. 


1  article  of^ 


better  than  cottoti.  It  ie  a  little  smoother  than  cottoiL  Aa  an 
clothing  it  may  be  classed  i;rith  it.  In  choosing  linen  regard  is  hr^l  to  the 
evenness  of  the  threads^  and  to  the  fineness  and  cloeeness  of  the  texture*  The 
colour  should  be  white,  and  the  surface  glossy.  Starch  is  often  used  to  give 
glosainesa     This  is  detected  by  i(xiine,  and  removed  by  the  first  washing. 

Jute. — As  jute  is  now  being  very  largely  used,  it  is  jjossible  it  may  be 
employed  as  a  falsification  of  linen  or  cotton.  Jute  is  obtained  from  the 
Corchonis  capmdari^j  and  comes  to  England  from  Russia  and  India.  The 
fibres  are  of  cousidenihle  length,  are  hollow,  thickened,  and  with  naiTo wings 
and  constrictions  in  the  tubular  portions  ;  sometimes  an  air-bubble  miiy  he  in 
the  fibre,  as  shown  in  the  dniwnig.  The  dmwing,  which,  as  well  as  the  above 
description,  I  owe  to  Dr  Maddox,  shows  the  difi'erences  between  the  jute  and 
cottcm  or  linen.  ^| 

Wml — Mirrosmjnc  Ommdcrs, — Eound  fibres,  transjaarent  or  a  little  biUS^^H 
coloiu'lesa.     ITie  filjre  is  made  tip  of  a  number  of  little  coraeta,  which  have 
become  uniteti     There   are  very    evident  slightly  obhqne  cri>s8   marking^^_ 
which  indicate  the  bases  of  the  cornets ;  and  at  the^e  |>oints  the  fibit*  is  veij^| 
slightly  larger.     Tliere   are   also    fine  longitudinal  markings.      There   is   a^^ 
canal,  hut  it  is  often  obliterated.     When  old  and  woni,  the  fibre  breaks  up 
into  fibrilhe ;  and,  at  the  same  time,  the  alight  prominence  at  the  cross  mart 
ings    disappear,    and   even   the    markings     l^ecome   indistinct      By   these 
characters  old  wool  can  he  recognised.     Size  of  fibres  varies,  but  an  average 
is  given  by  the  figure.     The  finest  wools  have  the  smallest  fibres. 

As  an  Afiide  of  Ckithiwj. — Wool  is  a  bad 
conduckjr  of  heat  and  a  great  al>sorlier  o£^ 
water.     The  water  penetratjes  iut^j  the  tibr 
themselves  and  distends  them  (hygruscoi 
watf^r}^  and  also  lies  between  them  (water  » 
interjiosition).     In  these  respects  it  is  great 
superior  to  either  cotton  or  linen,  its  powa 
of    hygroscopic   alisorption    being    at   le 
double   in    prop<jrtion    to   its    weight,   and 
i  quadruple  in  projjortion  to  its  surface. 

This  property  of  hygroscopically  absorbing 
water  is  a  most  important  one.  During  per- 
spiration  the  evaporation  from  the  surface  of 
the  body  ia  neceasary  to  reduce  the  he^t  which 
is  generated  by  the  exercise.  When  the  ex- 
erciae  is  finished,  the  evaj Miration  slill  goes  on, 
and,  as  already  noticed,  to  such  an  extent  as 
to  chill  the  frame.  When  dry  w<x>lkn  clothing 
ia  put  on  after  exertion,  the  vapiur  from  ' 
surface  of  the  body  is  condensed  in  the  wo 
and  gives  out  again  the  large  amount  of  he 
which  had  become  latent  when  the  water  was 
vaporised.  Therefore  a  woollen  coveJing,  from 
this  cause  alone,  at  once  feels  warm  when  used 
during  sweating.  In  the  case  of  cotton  and 
linen  the  perspiration  jiasses  tlirough  them, 
and  evaporates  from  the  external  suifaoe 
without  condensation ;  the  loss  of  heat  then  continues*  These  facte  make  it 
plain  why  dry  woollen  clothes  are  so  useful  after  exertion.* 

•  Pettonkofer  gives  (Zt.  fiir  BioL  band  i  p,  18S)  mrat  eipeTiroent*  ihowing  the  U^-potoople 
jKiwer  of  wool  aa  compftred  with  linen.    He  shown  that  liuen  not  t>n\y  ahmrba  mudu  J«s«s  wat^j 


Lth^ 

rool|H 
hej^^ 


Fig-  103,^Wool  X  285. 
Bcalo,.  ^ 
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B^n  addition  to  this,  the  texture  of  wool  is  warmer,  from  its  had  conducting 
^vwer,  aud  it  is  less  easily  jmnetraled  hj  cold  winds.  The  dbadvaiiUige  of 
^■K)l  u  the  way  in  which  ita  soft  tihre  Bhrinka  in  washingi  aud  after  a  time 
^k  fibre  hecomes  smaller,  harder,  and  probably  less  abaorbenL* 
V  In  the  choice  of  woollen  underclothing  the  touch  is  a  great  guide.  Tliere 
Hpuld  be  .smoothness  aud  great  softness  of  texture  ;  to  ihe  eye.  the  texture 
H^ould  be  eltJtie  ;  the  hairs  standing  out  from  the  surface  of  equal  length,  not 
^■pg  and  straggling.  The  heavier  the  substance  is,  in  a  given  bulk,  the 
^Biter*  In  tlie  case  of  hlankets,  the  softness,  thicknei>9,  ami  closeness  of  the 
^De»  the  cJoseness  of  tlie  textmt-^  and  the  wei^'ht  of  the  hlmiket,  are  the  best 

^Pln  woollen  cloth  the  rules  are  the  same,     "WTien  held  against  tjie  light,  the 
clotb  should  be  of  uniform  textmxj,  witliout  hules ;  when  fulded  and  suddenly 
etched,  it  should  give  a  clear  ringing  note ;   it  shmdd  be  very  resistant 
ben  stretched  with  violence;  the  "  tearing  power"  ia  the  beat  way  of  judging 
shotldy  **  (old  used  and  worked-up  wool  and  cloth)  has  been  mixed  with 
sh  wooL     A  certain  weight  must  be  home  by  every  piece  of  cloth.     At  the 
ovemment  Clothing  Establishment  at  Fimhco,  a  machine  ia  used  which 
nrks  the  exact  weight  neeeflsary  to  tear  across  a  piece  of  cloth.     Bcblesinger 
^TOcommends  the  foEowing  j)lan  for  the  examination  of  a  mixed  fabric  con- 
taining shoildy  :— Examine  it  with  the  micrtiscofie,  and  recognise  if  it  con- 
Bans  cotton,  or  silk  or  linen,  besitles  wool     If  so,  diaaolve  them  by  ammonia- 
|U  solution  of  cop]>er.     In  this  way  a  (qualitative  examination  is  first  made. 
Then  lix  attention  on  the  wool    In  shoddy  both  coloured  and  colourless  wool- 
fibres  are  often  seen,  as  the  fibres  have  been  derived  from  dill'erent  eloths 
■which  have  been  partially  bleached  ;   the  colouring  matter,  if  it  remains,  is 

tferent — indigo,  purjuLrin,  or  madder.  The  diameter  of  the  wool  is  never 
regular  as  in  fresh  wool,  and  it  changes  suddenly  or  gradutdly  in  diameter, 
1  suddenly  widens  again  vdth  a  little  swelling,  aud  then  thins  oti'  again  ; 
the  cross  niarking  or  scales  are  also  aknoet  obliterated  When  li^LUor  jKitassai 
ifl  apphed  the  shoddy  wool  is  attacked  much  more  quickly  than  fi-esh 
-wool 

The  dye  also  must  be  good,  and  of  the  kind  named  in  the  contract,  and  testa 
iDimt  be  applied. 

Leather, — Choice  of  leather  ;   it  sh<»xdd  be  well  tanned,  and  without  any 
marks  of  corrosion,  or  attacks  of  insects.     The   thinner  kind   shotdd   be 

trfectly  su]>ple. 
Leather  is  not  only  used  for  aboee,  leggings,  and  accoutrements  ;  it  is  em- 
ployeti  oc4!aflionally  for  ci>ats  ami  trousers.  It  is  an  extremely  wann  clothing, 
oa  no  wind  blows  thn>ugh  it,  and  is  therefore  well  adapted  for  cold^  windy 
climates.  Leather  or  sheepskin  coats  are  very  common  in  Turkey,  Tartary, 
Persia,  the  Danubian  Provinces,  and  everywhere  wherw  the  cold  north  winds 

but  iNirtfi  with  it  much  more  quickly  ;  thna^  to  cite  one  ex|>ejiroent|  eqmi  auTfiicti  of  linen  and 
ttiiijuel  Ittiiiifi^  expanefl  to  thu  air  aJter  bt'iiijj;  pJUL-ed  in  cqufjJ  toudJtioDii  of  absoTptioiii  the*  linen 
loMTt  in  75  minutes  6*&&3  gninmios,  and  the  fliiuiK-l  only  4  85^8  grammea  of  water.  Bulia«qi^eutly 
th»  evaporation  from  tl)e  linen  le^mied,  iis  wim  to  be  ettected,  juj  it  was  becoming  dritr ; 
tliat  from  the  tlunnel  continued  to  pass  off  moderately.  The  much  greater  ixmling  effect  nf 
linen  In  eieen. 

The  poroiity  of  clothing,  i.e.,  the  rapidity  through  which  air  ia  driven  throngli,  is  a  point  to  be 
ncrted.  By  an  eqxml  pressure  equivalent  to  a  column  of  water  4*6  centimftnjs  high,  an  area 
of  1  centimetre  diameter  forced  ftir  through  na  follows  t — Throaah  linen,  6  03  litres  ;  Uonnelj 
10-41 ;  Umhskin,  6-07  ;  glove-leather,    15:  wash-leather,  537  ;  snk  fabric,  411. 

It  thus  appears  that  the  wannest  cloth iu^  ^rianneJ)  may  be  the  most  porous  ;  mere  poTosity 
in  fact,  ia  only  one  clement  in  the  consiidenition. 

*  In  washing  woolkn  atiicleSj  they  should  never  be  rubbed  or  tcrttng*  They  should  be 
placed  in  a  hot  nolution  of  eoap,  moved  ahout,  and  then  plunged  into  cold  water,  when  the 
lioax)  in  got  rid  of  they  shoidd  be  hung  up  to  dry  without,  wringing* 


1 


428 


CLOTHING. 


I 


are  felL     In  Cana^la,  coats  of  slieepskin  or  bufialo-bide  have  Iseen  found  ver 
iieefid,  and  are  coinmonlj  used  by  Bentries. 

Waterproof  Oothimi — Like  leather  articles,  the  intlia-rubbifr  ig  au  oxceecl 
iiiglj  hot  drt'flfi,  owing  to  the  Bame  causes,  viz.,  ini permeability  to  wind, 
contlensfitioTi  and  retention  of  pf*T*ipimtifin,  It  is  objected  to  by  many  on 
these  grounds,  aud  especially  the  latU^T ;  and  L^vy  infonns  us  that  the  Council  of 
Health  of  the  French  Army  have  persistently  refused  (and,  in  liie  opinion,  very 
profwerly)  the  introduction  of  waterproof  gannente  into  the  amiy.  If,  how- 
ever, wooDen  uni!erthings  ar«5  worn,  the  perspiration  is  euftieiently  absc^rh^dby 
those  during  the  comparatively  short  time  wat-erproof  clothing  is  worn,  and 
the  olfjection  is  properly  not  valid,  unless  the  waterproof  is  continually  worn. 

The  great  uee  of  watt'q>roof  is,  of  course,  its  protection  against  rain,  and  in 
this  respect  it  is  invaluahle  to  the  soldier^  and  should  be  largely  used.  By 
the  8ide  of  this  great  use,  aU  it«  defects  ai>pear  to  me  to  be  minor  eiils.  ^h 

Tnilia-mbber  cloth  loffcs  in  part  its  distensihility  in  xery  c^ild  countriea,  andl^B 
becomes  too  distensible  in  the  tropics.     Paraffined  cloth  is  equally  good,  anil 
the  paraffin  does  not  rot  the  hbre  like  conimon  oiL 

GmetcU  Cmdmione^ 

Proteefirm  afjohst  Cofd, — ^For  equal  thickncsse*,  wool  is  much  stiperior 
either  cotton  or  linen,  and  ihoidd  be  wr>rn  for  all  underclothing.     In  c^iae 
extreme  cohl,  besides  wool,  leather,  or  waterproof  clotliing  ia  useiuL     Cotton 
and  linen  are  nearly  e4]ual. 

Protection  atjnind  //*'f/#.— Texture  has  nothing  to  do  with  protectiiin  from 
the  direct  solar  rays  j  thia  dejx^ndB  entirely  on  colour.  White  is  the  best 
colour ;  then  grey,  yellow,  pink^  blue,  black.  In  hot  oountrioi,  therefore, 
white  or  light-grey  clothing  should  be  ch often. 

In  the  shade,  the  effect  of  colour  is  not  marked.     The  thickness,  and  the 
conducting  p<jwer  of  the  material,  are  the  conditions  (especially  the  foran 
which  influence  hetit. 

Protection  wjaiud  CM  WitidK-^W or  equal  thicknesses,  leather  and  india-' 
rubber  take  the  first  rank  ;  wool  the  second  ;  cotttm  and  linen  abuut  eijuaL 

Ahmrptifm  of  Fera^raiion, — Wool  has  more  than  double  the  power  of 
ootton  and  Linen. 

Attji(rrpfi(m  (tf  fhlours. — -Tliis  i>art!y  depends  on  colour  ;  and  St4irk's  o! 
vntions  show  that  the  |>ower  of  absorption  is  in  this  onler — black,  blue^ 
grcf^,  yellow,  white.     As  far  as  texture  is  concerned,  the  absoq^tion  is  in 
portion  to  the  hygroscopic  absorption,  and  wool  therefore  alisoi-hs  moco  tJ 
esotton  or  linen. 

Protect  ion  nfjainst  Mahtriu, — It  has  been  aupposed  that  wearing  flaiim 
next  the  skin  lessc*n«  the  risk  of  malaria.     As  it  is  genendly  supjxtfied  iluit  t^ 
poison  of  niaiaria  enters  either  by  the  lungs  or  stomat!h,  it  is  tlifficult  to 
how  protection  to  the  skin  can  prevent  its  action  ;  excejit  indirectly,  by  pi 
Tenting  chill  in  pei-sons  who  have  alreatly  suttbred  from  ague.     But  the  very' 
great  authority  of  Andrew  Cbmbe,  drawn  from  experience  at  Eome^  is  ia 
favour  of  its  having  some  iiifiuenoc  ;  »md  it  has  been  used  on  Qia  Vcttt  oofiat 
of  Africa  for  this  jmrpose,  with  apx*«ireiitly  good  results. 
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CHAPTER  XIV. 
CLIMATE. 

It  is  not  easy  to  give  a  proper  definitioE  of  climate,  Tho  efToct  of  climate  on 
the  human  body  is  the  sum  of  the  ialluences  whinh  aro  i^oimuutcui  either  with 
the  solar  agencies,  the  soil,  the  air,  or  the  water  of  a  place,  ami  ,m  t]n«e 
influencend  are  in  the  liigliL^st  degree  complex^  it  is  not  at  present  imis^iMc  in 
trace  out  their  effectcj  witli  any  eerUiuty. 

With  reganl  generally  to  the  eflV^ct  of  climate  on  human  life,  it  wcmld  &wm 
certain  that  the  facility  of  ohtaiuiug  footl  (whidi  i.s  it^lf  iutiueiiced  by  climate), 
rather  tbtin  any  of  the  imme^liate  eti'ecia  of  idimate,  negidates  the  loeatifin  of 
men  and  the  anion ut  of  pojjulation.  The  human  frame  seems  to  awiaire  in 
lime  a  wonderfid  pnwer  of  tuiaptation  ;  the  EBquimaiix,  when  they  can  ohtain 
plenty  of  food,  are  large  stnjrig  men  (though  nothing  is  known  of  their  average 
length  of  hfe),  and  the  dwellers  in  the  hottest  parts  of  the  world  (jirovidwl 
there  is  no  malaria,  and  that  their  food  is  nutritioui)  show  a  stature  wa  lofty, 
and  a  strength  as  great,  aa  any  dwellers  in  temperate  climates.  Pectdiaritiea 
ol  race,  indeed,  arising  no  one  known  how,  hut  probably  from  the  combino-d 
inflaencea  of  climate,  food,  and  cnstoma,  acting  tlirtaigh  many  ages,  appear 
t/O  have  more  effect  on  etature^  hcaltK  awl  duration  of  life,  than  climate  alone. 
Htiil,  it  would  eeem  probable  that,  in  climatic  couditiona  eo  diveme,  there 
firiae  aome  gpecial  differences  of  Btructure  which  are  most  marked  in  the  akin, 
Taut  may  poeaibly  involve  other  organs. 

How  soon  the  hody,  when  it  has  become  accustomed  by  length  of  residence 

for  gucoeesive  generations  to  one  cljuiate,  can  accommodate  itself  to,  or  hear 

the  conilitioQS  of,  the  climate  of  another  widely  different  plaw,  is  a  question 

which  can  only  be  answeiml  when  the  inHueuci?a  of  climate  are  better  known. 

The  hypotliesis  of  **  acclimatisation  "  implies  that  there  ia  at  first  an  injm-ioujg 

eff€»ct  produced,  and  then  an  accommodation  of  the  body  to  the  new  conditions 

within  a  very  limited  time;   that,  fur  examjile,  the  dweller  in  northern  zones 

kBPilPg  '^^-^  *^*^*  tropics,  although  he  at  fii-at  autlera,  acquires  in  a  few  ye^irs 

Ipp|^^i6<:i}d  eunstitution  which  leheves  him  from  the  iujurii^ue  consequences 

which,  it  is  sujqjomid,  the  change  at  first  brought  with  it.     There  ar»^,  tbt^refore, 

two  assumptions,  viz.,  of  an  injurious  effect,  and  of  a  rehef  from  it     Ai-e 

Ltjlher  correct  1 

r^  It  may  seem  a  hold  thing  to  question  the  commonly  received  opinion,  that 
&  trojiical  cUmate  is  injurious  to  a  northern  constitution,  but  there  are  some 
striking  facta  which  it  is  dilbcult  to  reconcile  with  such  an  ojuniom  The  army 
experience  shows  that,  both  in  the  West  IncUes  and  in  Inditi,  thj^  mortahty  of 
the  soldier  has  been  gradually  decreasing,  nntil^  in  some  atations  in  the  West 
Indies  (as,  for  example,  Trinidad  and  Barbadoes),  the  sickness  and 
mortal ity  among  the  European  soldiers  are  actually  lens  than  on  home  service 
in  years  which  have  no  yeUow  fever.  In  India,  a  c(*ntury  ago,  peuplc  tspoke 
with  horror  of  the  terrible  climate  of  Borahay  and  Calcutta,  and  y*'t  Euro]ieans 
now  h ve  in  heidtb  and  couif<,>rt  in  both  cities.  In  Algeria  the  French  exi>ericnce 
la  to  the  Bame  effect.     As  the  climate  and  the  stations  are  the  same,  and  iha 
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soldiers  are  of  tli©  same  mce  and  kalut^,  what  lias  removed  the  dangers  whicll 
fomaerly  made  the  sicknesa  threefold  and  the  morliility  teufold  the  ratio  of  tt 
eicknesfi  and  deaths  at  home  1 

The  explanation  is  vei*y  simple ;  the  deaths  in  the  West  Indiea  were  partlj 
owing  to  the  virulence  of  yellow  fever  (which  was  fostered,  though  probably*" 
not  engetukred  by  bsid  srinltiiry  conditions),  and  the  general  excess  of  other 
febrile  and   dysenteric  cases.     The  simple   hygienic  pirecautions  which 
efficfieious  in  England  have  be*5n  as  usefnl  in  the  West  IiidicH.     Proper  ffH> 
good  water»  pure  air,  have  been  Bupplied,  and,   in  propori-ion  as  they  hai? 
been  so,  the  deaiUy  tvtTects  attrilmt^d  to  climato  have  disjippeaTtMi     The  effecl 
of  a  tropical   climate  is,  so  to  speak,   rehitive.     The  temperature  and  the 
humidity  of  the  air  are  highly  favoiimblB  to  decompositions  of  all  kinds  ;  the 
effluvia  from  an  impure  soil,  and  the  putresr.ent  changes  going  on  in  it,  aro 
greatly  aj:^gravated  by  heat     The  efl'eets  of  the  sanitary  evils  which,  in  a  cold 
climate  like  Canada,  are  partly  neutralised  by  tbe  cold,  are  deveIoi>ed  in  the 
West  Indies,  or  in  tropical  India,  to  the  greatest  degree.     In  this  way  a 
tropical  climiite  is  evidently  most  powerful,  and  it  renders  all  sanitary  prei^au- 
tions  tenfold  more  necessary  than  in  the  temptmite  zone,     But  aJ]  this  is  no 
the  effect  of  climate,  but  of  somt^thing  mlded  to  climate. 

Take  away  these  sanitary  defects,  and  avoid  malarious  soils  or  dniin  then 
anil  let  the  mode  of  living  be  a  proper  one,  and  the  European  soldier  does  no 
die  faster  in  the  trc^piiis  than  at  heme.* 

It  must  he  said,  however,  that  an  element  of  nncert»ainty  may  be  pointc 
out  here.  In  our  tropical  possessions  the  European  sohlier  serves  now  only 
for  short  periods  (in  the  West  Indies  for  tliree  or  fo\ir  yeju^,  in  India  only 
for  twelve  years,  and  under  the  new  regulations  of  short  service  he  may  only 
be  six  ytmrs,  or  less),  and  during  this  time  he  may  be  for  some  years  on  the 
hills,  or  at  any  rate  in  elevated  spots.  The  old  statistical  reiH>rtd  of  the  army 
pointed  out  that  the  mortality  in  the  West  Indies  augmented  regularly  with 
prt>longation  of  service,  and  it  may  be  said  that,  after  all^  the  lessened  sick- 
ness and  mortality  in  the  tropics  is  owing,  in  some  degree,  to  avoidance  by 
short  service  of  the  inthience  of  climate.  But  as  the  whole  long  service  was 
constantly  passed  under  the  unfavourable  sanitary  conditions  now  removed,^H 
it  does  not  follow  thnt  the  inference  to  be  drawn  from  the  statistic^  evidenc^^l 
as  to  length  of  service  is  really  correct 

Facts  ]irove,  then,  that  under  favourable  sanitary  conditions  (general  and 
personal),  Euroiicans,  during  short  services^  may  be  as  healthy  as  at  home,  a.'* 
far  iis  shown  by  tables  of  sickneas  and  moi-tahtyit  and  it  is  not  certain  that^ 
long  service  Vmngs  with  it  diSlereut  results.  j^t 

It  may,  however,  be  urged  that,  admitting  that  a  non-malarious  tropical^^ 
climate  per  hc,  may  not  increase  sickness  or  mortality  during  the  most  vigorous 
years  of  life  (ami  it  is  then  only  tliut  Earopeans  are  usually  subjected  to  it), 
it  may  yet  really  dimijiisli  healthy  lessen  the  vigour  of  the  body,  and  diminish 
the  expectation  of  life. 

We  have  no  evidence  on  the  latter  point  J  With  respect  to  the  former,  it 
will  he  well  to  see  what  is  known  of  the  effects  of  climatic  agencies  on  the 
frirae. 

The  influences  of  locality  and  climate,  as  far  as  they  ate  connected  wii 


*  The  pi'Ofluctkii]  of  liver  dineajw  in  sucU  nn  amount  in  ladui,  will  be  conslili^red  hy  some  Uil 
be  A  pure  eflecl  of  cUmnte.  But  oa  tlil*!  iMiint  ibe  ev itkDee  ieenui  W  me  to  pornt  tuoat  atroiigljf' 
in  ftuother  direction  {ste  chapter  on  the  l*n;ventioo  of  Diseiise). 

■f  For  tlie  !rtati«ticAl  proofs,  see  the  chaptem  on  the  West  InJieji  and  India. 

X  The  l&hkH  of  the  Ibdinn  Sanitary  Cotiimisaion,  as  Applying  to  men  who  had  b«itii  nnd^ 
the  nnfttVQumble  imnitary  conditii>D4  which  preTaited  mc^re  or  lew  In  India  till  within  the  U^i 
f«w  ymxtt  can  hardly  be  as«d  with  safety  to  tettto  this  point. 
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soil  and  water,  have  been  sufficiently  discussed.  I  sliall  merely  briefly  review 
the  climatic  conditions  most  closely  (thoiigb  by  no  meana  solely)  connected 
with  air.  They  are — tcmperatuje^  hiuaidity,  movement,  weight,  composition, 
and  electrical  condition.  The  amount  ol  light  is  another  climatic  condition 
of  imp:>rtance, 

SECTIO^T  I 

TEMPERATURE,* 

The  amount  of  the  sun's  rays;  the  mean  temperature  of  the  air;  the 
variations  in  temperature,  both  periodic  and  non-periixlic  ;  nnd  the  length  of 
time  a  high  or  low  tempera tiiro  I^ts,  are  tlie  most  importimt  points. 
Temi>emture  alone  haa  been  made  a  ground  of  elassifi cation. 

(a)  Eipahle,  limited,  or  insular  climates;  La,  with  slight  yearly  ami 
diurnal  %*ariationa, 

(fj)   Extreme,  excessive,  or  continental ;    f*.e,»  with  great  variations. 

The  terms  limited  and  extreme  might  be  applied  to  the  ampliturle  of  the 
yearly  fluctuation  (Le.,  difference  between  hottest  and  coldest  month,  see 
Meteorology),  while  equable  and  excessive  might  be  applieil  especially  to 
the  non-periodic  variations,  which  are  sligbt  in  some  places,  and  extreme  in 
otheis. 

A  limited  climate  is  generally  an  equable  one,  and  an  extreme  climate 
(with  great  yearly  fluctuation)  is  genemlly  an  excessive  one  (with  great 
undulations). 

The  effects  of  heat  cannot  be  dissociated  from  the  other  conditions;  it  is 
necessary,  however,  to  briefly  notice  them. 

The  eftect  of  a  certiun  degree  of  tern i}^' rat ure  on  the  vital  processes  of  a  race 
dwelling  genenition  after  genomtion  on  the  same  sjiut,  is  a  question  which  has 
as  yet  received  no  sort  of  answer.  Doe^  the  amotrnt  of  heat  jter  «e^  in- 
dependent of  food  and  all  other  conditions,  aflect  the  develnpment  of 
mechanical  force  and  tempeniture,  and  the  coincident  various  processes  of 
formation  and  destruction  of  the  tissues  1  Is  there  a  diflerence  in  these 
respects,  and  in  the  residting  action  of  the  eliminating  organs,  in  the  inhabi- 
tante  of  the  equator  and  of  50*  or  60"*  K.  lat  1  This  is  entirely  a  problem  for 
the  future,  but  there  is  no  class  of  men  who  have  more  opportunities  of 
studying  it  than  the  army  surgeons. 

The  problem  of  the  influence  of  temperature  is  genemlly  presented  to  us 
under  the  form  of  a  dweller  ia  a  temperate  zone  proceeding  to  countries  either 
colder  or  hotter  than  his  own*  It  is  in  this  restricted  s^nse  I  shall  now  con- 
aider  it 

With  regard  to  the  eflect  on  the  Anglo-Raxon  and  Celtic  races  of  going  to 
live  in  a  climate  with  a  lower  mean  tempi?rature  and  greater  variations  than 
their  own,  we  have  the  experience  of  Canadti,  Nova  Scotia^  and  some  parts  of 
the  Northern  American  States.  In  all  these^  if  foo<l  is  good  and  plentiful, 
health  is  nat  only  sustained,  but  is  perhaps  improved.  The  agricultural  ami 
outdoor  life  of  Canada  or  Nova  Scotia  is  probably  the  cause  of  this ;  but 
certain  it  is  that  in  those  countries  the  Eurofjean  not  only  enjojrs  health,  but 
producer  a  progeny  as  vigorous,  if  not  mort^  ^\  than  that  of  the  parent  race. 

The  elFects  of  heat  excseeding  the  temperate  sUindard  must  be  distinguished 
accoaling  to  origin;  radiant  heat  or  the  dirwt  rays  of  the  sun,  and  non- 
radiant  heat,  or  that  of  the  atmosphere.  In  the  latter  case^  in  addition  to 
he-at  there  is  more  or  less  rarefaction  of  the  air^  and  also  coincident  conditions 

.    *  For  tome  etementdry  fiicta  oa  teaipemture,  se«  Mj£TBOBOloqt. 
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of  humidity  and  movement  of  the  air,  which  mnat  he  taken  into  account 
The  inliuence,  a^n,  of  fiiidden  transitions  from  heat  to  cold,  or  the  reveisa^ 
h%3  to  be  cousidpred.  The  Europeans  from  temperate  climatea  flouriBh, 
apparently,  in  countriea  not  much  hotter  than  their  own,  a;3  in  8ome  jiartg  at 
Aui^tralia,  Kew  Zeahiiid,  and  New  Caledonia,  though  it  is  yet  too  aoon  to 
speculate  whether  the  ngour  of  the  race  will  improve  or  otherwijse.  But 
there  is  a  geueml  impression  Ihat  they  do  not  tlouiish  in  countries  much 
hotter,  t,e.,  with  a  yearly  mean  of  20^  Fahr.  higher,  as  in  many  parts  of 
India  ;  '  that  the  race  dwindles,  and  finally  dies  out ;  and  therefore  that  no 
nccliinatxsation  of  race  occurs.  And  certainly  it  would  app^iar  that,  in  India, 
there  is  some  evidence  to  show  that  the  pui-e  race,  if  not  intermixed  with  the 
nalivej  does  not  reach  l>eyond  the  thinl  generation.  Yet  it  seems  only  right 
to  say  that  so  many  circumstanc^fa  Ijesules  heat  ami  the  other  element*?  of  cUmat^i 
have  heen  acting  on  the  English  race  in  India,  that  any  conrluaion  opposed  to 
accliniatisation  mui^t  he  considered  as  hased  on  scanty  evid»jnce.  We  have 
not  gauged  on  a  large  scale  the  effects  of  climate  pure  and  simple,  iincom- 
plicated  with  malaria,  had  diet,  and  other  infiuoncea  adverse  to  health  and 
longevity.* 

(ft)  Influence  of  the  Direct  Rays  of  ike  Sun. — -It  is  not  yet  known  to 
%vhat  temperature  the  direct  rays  of  the  tropical  sun  can  raise  any  object  on 
which  they  fall  In  India,  on  the  ground,  the  uncovered  thermometer  will 
mark  16U',  and  perhaps  212"  (Biiist)j  and  in  this  country,  if  the  movement 
of  air  is  atoppt'd  in  a  small  space,  th(5  heat  in  the  direct  sun's  rays  can  be 
raii^o^l  to  the  same  paint  In  a  hermetically  setdod  box,  with  a  glaaa 
to]»,  iSir  H.  James  found  the  thermometer  mark  237^  Fahr.,  when  exposed 
to  the  rays  of  the  stiti,  on  the  14th  July  1804.  In  experiments  an 
frogTS,  when  tenipurature  much  over  the  natural  amount  is  applied  to 
nerves,  the  electriciil  currents  through  them  ar»>  lessened,  and  at  last  stop.f 
K.  H.  We!)er*8  observations  show  that  for  men  the  same  rule  holds  good  ^ 
the  most  favourable  temijeraturo  is  30"*  R  (  ^  ^9^-5  Fahr.).  J  It  appeoni  also 
from  Kiihne's  experimenta  that  the  heat  of  the  blood  of  the  vertebrata  must 
not  exceed  113"  Fahr.,  for  at  that  temperature  the  myosin  begins  to  coagiikte, 
(Eudwig,  LehrL  der  Phy^.^  band  iL  p.  732. )§  Perhaps  this  fact  may  he  coDi-^h 
nected  with  the  pathological  iudication  that  a  very  high  temperature  in  anjf^H 
disease  (over  110^  Fahr.)  iudicates  the  extrcmest  danger,  ^^ 

To  what  tt^iiij^erature  is  the  skin  of  the  head  and  neck  raised  in  the  tropica 
in  the  sun*a  raysl     Ko  autlicient  experiments  have,  I  believe,  been  made, J 
either  on  tins  pctint  or  on  the  heat  in  the  interior  of  aips  and  hat«  with  an  J 
without  vetitilatioiL     Doubtless,  without  ventilation,  the  heat  above  the  hea 
in  the  interior  of  the  cap  is  very  great     It  is  f|uite  possible,  as  nsuallj 
assumed,  that  w^ith  haA  head  dresses  the  he^it  of  tlie  skin,  liones,  and  poaslblf 
even  of  the  deep  nerves  and  centres  (the  bmin  and  C4>rd),  may  be  greater  th 
is  ai'4.'oixlant  with  fierfect  preservation  of  the  curri'nts  of  the  nerves,  or  of  i 
necessary  temperature^  of  the  blood,  or  with  the  proper  Huidity  of  eome  ol  I 
albuminous  bodies  in  the  muscles,  or  nerves. 

The  difficulty  tjf  estimating  the  exact  otfect  of  the  solar  rays  is  not  only 
caused  by  the  absence  of  a  sulhcient  number  of  experiment^  but  by  the  com- 
mon presence  of  other  conditions,  such  as  a  hot^  rarefied^  and  perhaps  impi^m 

*  In  Fndia  the  mortalitvof  Eunuil&na  (t^ftt  ia,  the  mixed  race  of  BritiRh^  Portagijeae,  Hindoo, 
Malay,  blfXHi  mUcti  in  all  dcgtt^  appearB  to  be  below  that  of  the  most  benlthyEarnjvMdi 
tsfvhi^^,  vi^  ,  thp  Civil  Service.  Mr  Tait*B  facta  (On  the  Mortality  of  Banuiana;  StaiJaticttl 
jout !  ".voulil  show  that  this  mixed  race  wiH  malntam  itaelf  in  India. 

f  -..  h-  bnnd  x.  p,  lt>5,  1851. 

*  v..  ...  :._  .    „     .  i .  s.,  2tl©d.  vol  i.  p.  126. 
I  For  a  coUoctiQH  ol  data,  Be«  Dr  H.  C.  Wood,  Jan.,  Thennk  Fever,  \%1%,  |i»  50, 
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ah*,  and  heat  of  the  body  produced  by  exerciee,  which  is  not  attended  by  pei> 
ei>iration.  Two  poiiita  fire  retunr]vnl>le  in  tht?  history  of  sunstroke,  viiE.,  the 
tixtivmc'  rarity  of  simstroka  in  iiiid  ocean,*  and  at  great  elevations. f  In  both 
cases  the  effect  of  the  sun's  rays,  per  m,  is  not  less,  is  even  greater,  than  on 
land  and  at  sea-level ;  yet  in  Ijoth  sunetrolce  is  uncommon ;  the  temperature 
of  the  air,  however,  is  never  excessive  in  either  case. 

The  eflect  of  the  direct  ra^^s  on  the  skin  is  another  matter  requiring  investi- 
gation. Does  it  aid  or  check  perspiration  I  That  the  skin  gets  dry  there  is 
no  doubt,  but  this  may  be  merely  from  rapid  evaporation.  But  if  the  nervous 
currents  tire  interfered  with,  tlie  vessels  and  the  amount  of  secretion  are  sure 
to  be  affected^  and  on  the  wlittle  it  seems  probable  that  a  physiological  eiiect 
adverse  t*>  perspiration  is  produced  by  the  direct  rays  of  the  sun.  If  &o,  and 
if  this  is  carried  to  a  certain  point,  the  heat  of  the  body  must  rise,  and  supp€>B- 
ing  the  same  conditions  to  continue  (intense  radiant  heat  and  want  of  lierspiia- 
tion),  may  pasa  beyond  the  limit  of  the  temperature  of  possible  life  (113* 
Fahr.)t 

Tlie  eifect  of  intense  radiant  heat  on  the  re§]uration  and  heart  ia  anothir 
point  of  great  moment  which  ne*xls  investigation. 

The  pathological  efl'ect  pitxluced  by  the  too  intienae  direct  rays  of  the  sun  is 
seen  in  one  or  two  forms  of  insolation,  and  consists  in  piralysis  of  the  heart 
or  the  respiration  (see  Prevention  of  Biskase). 

A  form  of  fever  (the  Caumt^  of  some  writers,  or  thermic  fever)  has  been 
supftosed  to  be  caused  by  the  ilirect  rays  of  the  sun  cnnibined  with  excessive 
exertion.  I  have  seen  a  ca-se  of  this  kind  which  corresponded  closely  to  the 
description  in  books.  The  fever  lasted  for  several  days,  iind  its  type  was  not 
in  accordance  with  the  hypothesis  that  it  was  malarious  fever,  or  febricula>  or 
tyjiboid.     Xo  thermometric  observ^ations  were  made  on  the  patient. 

(b)  Heat  in  Shade. — The  effect  of  high  air  temperature  on  the  native  of  a 
temjierate  climate  ptissiiig  into  the  tropics  has  not  been  very  weU  determined, 
aufl  some  of  the  conclusions  are  drawn  from  experiments  on  animals  exposed 
to  an  artificial  tem|)enitiire. 

1.  The  temperature  of  the  body  does  not  rise  greatly — not  more  than  '5  or 
r  Pahr.  (John  Davy) ;  from  T  tr>  21'  and  3'  (Bydaux  and  BrowTi  S^quard). 
Ia  some  experiments  not  yet  pnblishtHl,  Dr  Becher  determined  his  own  tern- 
peraturc  in  a  very  careful  way  during  a  voyage  r«junil  the  Cape  to  India.  He 
fomul  the  body-heat  increased,  and  in  the  proportion  of  (r*05  Fahr,  for  every 
increase  of  1*  Fahr.  in  the  air.  Eattray  also  found  a  decided  increase,  varying 
fri»m  0'''2  Fahr.  to  V'2  Fsdir. ;  the  greatest  increaae  was  in  the  afternoon. 
We  may  cooclnde  that  the  tropical  heat  raises  the  temperature  of  the  body  of 
a  new-comer,  probably  because  the  evaporation  from  the  skin  is  not  capable  of 
counterbalancing  the  great  additional  external  heat,  but  it  is  not  yet  known 
that  in  old  residents  the  same  fact  holds  gocjd.  The  temperature  of  the  body 
is  the  result  of  the  opiwsing  action  of  two  factors— 1^,  of  development  of 
heat  from  the  chemical  changes  of  the  food^  and  by  the  conversion  of 
meelianical  energy  into  be^it,  or  by  direct  absorption  from  without ;  and,  2d^ 
and  opposed  to  thia,  of  evaporation  from  tha  surface  of  the  body,  which 


*  The  ciMt  of  ijioljitioa  in  ft  itftnow  ma  like  the  Red  Sea  do  not  invftlidAte  this  mle. 

f  Thifl  Qiftj  be  due  to  the  ftbeance  of  ni/difttion  from  the  gTouud ;  gromid  mdi&tion  affects 
unprotected  themicmieters  very  mu-kedly  (F,  d«  C). 

t  In  the  Turklfh  h«tb  it  mftV  ionietiiiiee  be  obierved,  tbftt  on  entering  the  bQtte«t  chamber 
the  nkiiir  which  had  previottiUf  been  ecting  freely,  beooinee  diy.  A  feeUn)^  of  oppreenion 
»crorn|iQDi«»  thh,  hot  relief  i»  experienced  bo  eoon  as  jwrKpiration  is  re-e«tablwhed.  This  would 
fiecni  to  point  wore  to  an  acttml  Atr&ii  of  function  triAii  to  a  mere  diytng  tip  of  the  serret^on, 
TJw  fijirue  thmg  in  a  modi  fled  degree  may  oti^nr  in  a  tropical  cltrnAte^  in  wnich  caae  the  intensity 
of  fever  wtU  depend  upon  the  time  that  elapses  before  accoiumorUtion  Is  reorlied. 

2b 


434  •  ajMATE. 


t  th«r 


regulatfOS  internal  heat  So  beautifully  is  tliis  balance  preserved,  that  th§ 
stability  of  the  animal  temperature  in  all  countries  lias  always  buen  a  subject 
e>f  man'el  If  any tbiog,  however,  prevents  this  evaporation,  radiation  and 
the  cooling  eflfect  of  moving  wind  cannot  cool  the  body  suJiiciently  in  thu 
tropics.  Then,  no  doubt,  the  temperature  of  the  body  imi^  especially  if  in 
addition  there  is  muscular  exertion  and  production  of  heat  from  that  cau»eL 
Tlie  extTcrae  discomfort  always  attending  abnormal  heat  of  body  then  com- 
mences. In  exiieriments  in  ovens,  Blagden  and  Fordyce  bore  a  temperature 
of  260*  with  a  small  rise  of  tempera tttre  {2V  Fahr.),  but  the  air  was  dry,  and 
the  heat  of  their  brxlies  was  reduced  by  perspiration  ;  wlii^n  the  air  in  ovens 
is  very  moist  and  evaporation  is  hindered^  the  temperature  of  the  botly  naoe 
rapidly,* 

2.  The  respirations  are  lessoned  in  nimiber  (Vierortlt,  Ludwig)  in  Mifnifil^ 
subjected  to  heat     According  to  Vienjrdt,  less  carbonic  acid  and  presunmbly 
less  water  are  eliininateA     Rattray f  has   proved    by  a   great   number  rf 
observations  that  the  number  of  respirations  is  lessene<i  in  persons  paadng 
from  a  cold  to  a  hot  climate.     The  amount  of  dimiimtion  varies  ;   in  some 
exi^eriments  the  fall  wiis  from  16 '5  respirations  per  minute  in  Engbind,  ii 
winter,  to  12 '74  and  13*74  in  the  tropics.     In  another  son es  of  es^perimen^ 
the  fall  was  from  17*3  respimtiona  per  minute  to  16'1  j   the  bniathing  is 
gentler,  i^c,  less  deep.     Rattray  has  also  shown  that  the  spirometric 
men t  of  the  expiretl  air  ('*  vital  capacity  of  Hutchinson'*)  increases  in  %] 
tropics  and  fallH  in  temperate  climates,  the  average  variation  being  about  8 
per  cent  of  the  t^ital  spirometric  measurement  |     This  will  hold  good  at 
ages,  but  i&  less  at  cither  extreme  of  lifo^  and  ia  moat  marked  in  pi>r8ona 
largest  frame  and  most  full  blooded.     The  explanation  of  this  spiMmel 
increase  in  the  respiratory  action  of  the  lungs,  as  compared  with  the  lesseui 
number  of  inspirations,  is  to  \m  found,  accortling  to  Rattray,  in  a 
proportion  of  Ijlood  and  a  large  proportion  of  air  in  the  lungs  in  the  tropin 
and  this  is  borne  out  by  a  fact  presently  to  be  noted,  of  the  lessened  weig 
of  the  lungs  io  Eurc>peans  in  the  tropics. 

The   efl'ect   of   tlie   lessened   number   of  respirations  is   (in  spite  of 
spirometric   increiise)   to   reduce  the   totid  respiratory   action   considerabl; 
Battray  has   shown   that  the  average   amoimt  is   in   the   temperate   zq\ 

•  U  TiBcs  <?Tea  7^  to  8*  Fahr.  (Liidwie,  Lelirb,  der  Phyir,,  2d  edit.  b.  ii.p.  730.)  Oh^mle.. 
lBt«  observations  art  cotifinimtory  (Der  HitEfichUg,  Bonn,  1867}.  Obemier oonftnss  the  }miU]0 
logy  Renonilly  receivtjd  in  thia  c<juntp\  Prom  an  obaer\r«tioti  of  tour  caM«  of  aanstrake^  an 
froni  tliirty4tir«e  t^xi»eriiiieiit8  on  aoimala  exposed  to  artificial  heat,  he  traces  all  t!ie  effwts  I 
the  augrnenteii  teiufierftUire  of  the  body,  which  cannot  cool  by  cvapomtioQ  from  the  siarlaa 
and  lting»  as  u«ual.  lie  puta  down  as  necejwary  L-itntJitionii^  a  high  externid  temperature,  init^ 
nal  conditions,  aa  of  maixhing,  mniiiug,  whicb  augment  bo<iily  haat,  aud  the  absence  of  wal«i 
He  do«8  not,  howt!Vcr,  deny  tliat  there  may  be  alao  a  direct  ilteintion  of  the  nervooA 
by  tho  heat.  He  tioticed  in  two  camsA  in  men  some  amount  of  urea  in  the  blood,  but  he  i 
lind  thifl  in  aninialtt.  He  distiiigui»he&  two  fornii*  of  sunstroke  :  antheuic,  where  the  elcvi 
the  temperature  of  tlie  Ijody  brings  on  early  collapse  ;  and  nthenic,  where  the  bodily  tem|X 
attains  a  great  height,  and  then  suddenly  the  attacic  come.^  on  with  more  or  le^  leaction. 
ooe  CflM  uien  ia  a  pale  face  and  a  copious  sweating  and  cold  akm  UhtA  ii  the  heat  aaph 

HOme  anthora) ;  in  the  other  there  is  the  red  face,  the  imtcte^l  eye*,  the  nobbing,  hm 

<3onviilfions»  delirtuiiu  Ice.     Br  H.  C.  Woml,  jun.,  of  Philndelphia  (Themiic  Ferer  or  L 

;.trf>ke,  1672),  also  holdfl  that  the  **  efficient  cause  of  auastroke  is  the  ^x<xm  of  temperature? 
And  he  Rilojits  the  view  that  the  rigidity  of  the  heart  diipemli  on  eoagnlatinn  of  the  niiude 
ylaanui,  wliich  occurs  at  115"  Fahr,,  a  degree  of  beat  aitnoat  attainei  in  sunstroke ;  and  Ih 
OOitiidera  the  cases  of  sudden  crtPtliac  deaths  in  India  may  be  owing  to  this  coagulation  uf  tin 
oardiac  myosin  ;  altw)  thut  the  tnjrve  centrea  are  as  pemiciouaty  affected  by  temiieTu' 
mujcles  ;  that  a  mammal  beeome«t  comatose  when  the  temperature  of  the  brain  ri  ^ 
and  diea  at  113*  Fahr,  Death  may  occur  rapidly,  however,  be  thinks,  from  paraj  vai^ 
respiratory  centres.  ^'-' 

f  Ou  the  effects  of  Oiange  of  Climate  on  the  Human  EoooomT;  by  A.  Battray    UMJ 
•orgeoa,  R,N,— Proocediagw  of  the  fioyai  Society,  No*.  123-12l»,  139  (18&-72).  \ 

;f  Proceedings  of  the  Koyal  Society,  No,  1^,  p.  2, 
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(fcenL=  64'  Falir.),  239*91  cubic  inchee  per  mimite,  while  in  the  tropics 
(«82*  Fahr.)  only  195-69  cubic  inches  were  inspired,  so  that  there  is  a 
difference  uf  38-65  cubic  feet  in  twenty -four  hours,  or  18-43  jm-t  cent  in 
favour  of  a  temperate  climate.  If  10  ounces  of  carbon  are  exjared  in  the 
tamperate  zone,  only  8-157  Dumcas  woiild  be  expired  in  the  tropics.  l&  there 
than  greater  excretion  of  carhan  from  the  ekin^  or,  as  used  to  he  euppoeed, 
from  the  liver  1 

Dr  Franiis  {Bengal  Army)  has  latdy  observed  that  the  lungs  are  lighter 
after  death  in  Europeaiiii  in  India  than  the  European  standard.  I  made  a 
einidar  observation  many  yimrs  ago,  and  recorded  it  in  a  work  on  cholera,* 
but  had  nut  sutiicient  facts  to  enable  me  to  be  quito  certain.  If  this  state- 
ment be  confirmed,  it  woidd  show  a  diminished  respiratory  function,  and 
wouM  aocord  with  Rattray's  observations. 

3.  The  heart's  action  has  been  usually  stated  to  he  quickened  in  the  tropics* 
but  Rattray's  numerous  ubservationB  show  that  tliis  is  incorrect;  the  avemge 
jjulse  in  the  tropics  was  lower  by  2  J  bc^ats  per  minute  than  in  the  temperate 
zone.  In  exjK^riments  on  animalsj  moderate  heat  does  not  quicken  the  hearty 
but  great  heat  does. 

4.  The  digestive  powers  are  somewhat  ieaeened^  there  is  less  appetite,  leas 
desire  for  animal  fwd,  and  more  wish  for  cool  fruit.  The  quantity  of  bile 
f^ecreted  by  the  liver  is  not  incrtasi^d^  if  the  stools  are  to  he  t4iken  as  a  guide 
(Marshall,  in  1819,  John  Davy,  Morahead,  author),  though  Lawson  believes 
that  an  excess  of  colouring  matter  passes  out  with  the  stools ;  nothing  is 
known  of  the  condition  of  the  msual  liver  work. 

5.  The  fikin  acts  much  more  than  usuid  (an  increase  of  24  per  cent  accord- 
ing to  Battray)j  and  great  local  hyperiemia  and  swelling  of  the  papJlJa^  occui 
in  new  comera,  giving  rise  to  the  famiUar  emption  knoi^ii  as  "  prickly  heat.'' 
In  process  of  time,  if  exposed  to  great  heat,  the  skin  suffers  a|iparently  in  its 
structure,  becoming  of  a  shght  yellowish  colour  from^  probably,  pigmentary 
deposits  in  the  deep  layers  of  the  cuticle, 

6.  The  urine  is  lessened  in  quantity.  The  urea  is  lessened,  as  shown  by 
experiments  in  hot  seascms  at  home  and  during  voyages  (Dr  Forbes  Watson 
and  Dr  Berber).!  It  is  probable  that  tliis  is  simply  from  lessened  food. 
The  pigment  has  been  supposed  to  be  increased  (Lawson),  but  this  is  doubt^ 
fuk  The  chloride  of  sodium  is  less^ied  ;  the  amount  of  uric  and  phosphoric 
acids  is  imcertain. 

7.  The  effect  on  the  nervous  system  is  generally  considered  as  depressing 
imd  exhausting,  i.e.,  there  b  less  general  vigour  of  mind  and  body.  But  it 
is  undoubted  that  the  greatest  exertions  both  of  minil  and  body  have  been 
made  by  FiUropeans  in  hot  climates.  Ilobert  Jackson  thought  as  much  work 
coidd  he  got  of  men  in  hot  as  in  temj>erate  climates.  It  is  probable  that  the 
depressing  effects  of  he^t  are  most  felt  when  it  is  combined  with  great 
humidity  of  the  atmosphere,  so  that  evapivration  from  the  skin,  and  consequent 
losBening  of  bodily  heat,  is  partly  or  totally  ant5Sted.| 

•  On  Algide  Chole™,  by  E,  A.  Parkea,  M.D.,  n.  U  (Will 

t  Tht9«  experiments  are  not  yet  fully  puMished  ;  tliey  were  ina«le  daring  voyngaft  to  Bomliay 
•ad  Chititt.  and  show  that  whom  the  t«mpcr&tiire  reached  a  curtAin  noint  (7^'  in  Dr  BecheKn 
erperituetitoi,  the  »olid»  of  the  urine  and  the  utm  katened  eonnder&blT. — Proc^edinaa  qf  th^ 
Rf^ul  Sockijt,  1882. 

t  See  Dr  Kenneth  MAcktnnon'j  Trentiae  on  Public  Heafth,  p.  27,  on  the  effeet  of  plentr  of 
BKerciae  eren  in  the  hot,  and  moiit,  and  presumed  unhealthy  cliniate  of  Thiioot  in  Booffa). 
]le  povea  that  men  can  he  much  in  the  open  air,  even  in  the  hot  parte  of  the  day,  with  tm- 
{•unity,  and  that  when  *•  they  take  eiercise  they  ere  in  the  highest  state  of  health.*'  Is  n"l 
the  eOect  of  great  eierdae  beneficial  in  increasing  the  action  of  the  lungi  and  heart,  and  tbiia 
•o  far  countenctixig  the  effect  of  climate  J  Still  Dr  Mackinnon  belkvea  the  olrninte  U 
exbaoating. 
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The  mo6t  exhangting  eifecta  of  heat  are  felt  vlien  the  heat  is  contmuo 
ie,,  very  great,  day  and  nighty  and  especially  on  sandy  plains  where  the  i 
is  highly  rarefied  day  and  night     There  is  then  really  lessened  quantity 
oxygen  in  a  given  cuhic  apace.*    Add  to  thia  fact  that  the  respiratioiis  are 
lefisened,  and  we  have  two  factors  at  work  which  must  diminish  the  ingress  of 
oxygen,  and  thereby  k^^en  one  of  the  great  agents  of  metamorphoeiflL 

8,  Eattray  has  made  observations t  on  the  weight  and  height  of  forty-eight 
naval  cadets,  aged  from  Hi  to  17  years,  during  four  successive  changes  of 
climate  during  a  voyage.  The  results  ^bow  that  in  the  tropica  they  increajsed 
in  height  more  rapidly  than  in  cold  clLiimtes,  but  that  they  lost  weight  very 
considerably,  and,  in  spite  of  their  rapid  growth,  Eattray  concludes  that  the 
heat  impaired  the  strength,  weight,  and  hejilth  of  these  lads.  His  figtires  seem 
conclusive  on  these  point^s  fuid  show  the  beneficial  influence  of  cold  on  youtlu 
belonging  to  races  long  resident  in  tem] Morale  climates. 

On  the  whole,  even  when  sufficient  jwrspirati on  keeps  thehody  temperate]] 
within  the  limit*  of  health,  the  etfect  of  great  heat  in  shade  seems  to  be,  i 
far  as  we  can  judge,  a  depressing  influence  lessening  the  nervous  activi^ 
the  great  functions  of  digestion,  respiration,  sanguification,  and  directly  < 
indirectly  the  formation  and  destruction  of  tissues.  Whether  this  is  the  heat 
alone,  or  heat  and  lessened  oxygen,  and  great  humidity,  is  not  certain. 

So  bad  have  been  the  general  and  personal  hygienic  conditions  of  Kuropeians 
in  IndiEi,  that  it  is  impossible  to  say  what  amount  of  the  great  mortality  :  ~ 
that  country  is  due  to  excess  of  heat  over  the  temperature  of  Europe,     ^o  _ 
is  it  possible  t*i  determine  the  influence  of  beat  alone  on  the  endemic  diaoasee 
of  EuTfjpeana  in  the  tropica — liver  disease  and  dysentery.     There  is,  perhapa^^ 
after  all,  little  inmiodiate  connection  between  heat  and  liver  disease.  ^H 

Mnjjfd  Chanfft's  of  T'emperaiure. — The  exact  pliysitJogical  effects  have  nii^H 
yet  be^n  traced  out ;   and  the^e  sudden  \acissitudes  are  often  met  by  oltcfred 
clothing,  or  other  means  of  varying  the  temjwmture  of  the  body.    The  gieatt 
influence  of  rapid  changes  of  tJimperature  appears  to  occur  when  the  state  ( 
the  body  in  some  way  coincides  with  or  favours  their  action-     Thus, 
BUiIden  checking  of  the  profuse  perspiration  by  a  cold  wind  pmduces  catarrh^ 
inflammations,  and  neuralgia.     I  have  lieen  astonished,  however,  to  find  ho 
well  even  iihthisical  persons  will  bear  great  changes  of  temjrieratuie,  if  thq 
are  not  exptisi^  lo  moving  currents  of  air  ;  and  there  lian  be  little  doubt  th 
the  wonderful  balance  of  the  system  is  soon  rBadjusted 
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•  A  cubic  foot  of  drv  mt  ftt  32*  wefirhs  568"860  gnilns,  «nd  if  the  proportion  of  njtrof^n  fttNi 
oxygDti  he  aaiiiinied  to  he  by  weight  57  anil  23  fter  oeut.,'and  thti  Blight  amoout  of  carbonic  acid 


h^n^^ 


be  aeg1ect«d^  tlidre  will  bo  in  m  cubic  foot — 

436*475  gmina  of  nitrogen, 
130*375        „        oxygen. 

668*850 

As  ft  laan  draws,  on  ttn  UTerage,  when  tranquil,  16 "6  cubic  feet  per  honr  into  his  Inngi,  W 
tlius  iwoeiv€  1»(V37&  x  16*6  —  2164 '2  grain*  of  oxypi-n  per  hour. 
At  %  temperaturu  of  80*  tlie  foot  of  air  weighs  5](3  3S  grainflj  and  ia  iiia<ie  up  bj  weight  of— 
'897 "61  grains^of  nitrogen, 
1118-77        »,  '     oxygon, 

siiis 

Therefore,  in  an  bonr  if  a  niai!  withdrawn  1$'6  cubic  feet,  he  will  reoelTe  11877  x  M'6  —  l^Tl^ 
graina  of  oxygen  per  hour.  Or,  in  otlier  words,  in  an  hour  he  would  receive  IW'6  pnaini  i 
oxygen  teaa  with  the  higher  temperature,  an  amount  equal  to  about  &  per  cent,  of  ih«  aino 
Sttiipltod  at  the  lowi«r  terapemture. 

If  eaturated  with  moisture,  a  cubic  foot  of  air  will  contain  130  grains  of  oxygen  at  t3P  \ 
112  grains  at  100', 
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SECTION  IL 
HUMIDITY. 

AecoBling  to  tlicir  degrt^e  of  bumidity  climatea  ar6  divided  into  tnoisl  aud 
diy.  Prufesor  Tyiidwil's  olj^ervntione  have  bIiowb  how  grcntlj  the  liumidity 
of  Uio  air  influejiceB  cUmate,  bv  hindering  the  passage  of  heat  from  the  earth. 
Ab  far  as  thp  body  is  conoerae*!,  the  chief  etlect  of  moist  air  is  exerted  on  the 
evaporation  from  the  skin  and  lungs,  and  therefore  the  de^a-ee  of  dryness  or 
moisture  of  an  atmoaphere  should  be  expressed  in  tenus  of  the  rehitive  (and 
not  of  the  ahaolute)  humidity,  and  should  always  be  taken  in  coiuiection  with 
the  temperature^  movt^iuont,  and  density  of  the  air,  ii  this  latter  varies  much 
from  that  of  sea-leveL  The  evaporating  power  of  an  atmosphere  which  con , 
tains  75  per  cent,  of  saturation  is  very  ilifferejit,  according  as  the  temperature 
of  the  air  is  40"  or  8Q°,  As  the  terap4^Tatuiie  rises,  the  evaporative  power  in- 
creases faster  than  the  rise  in  the  thermometer. 

There  is  a  general  opinion  that  an  atmosphere  which  permits  free,  without 
excessive,  evajioration  is  the  best ;   but  there  are  few  precipe  expeiiments. 

The  most  aja^eealile  amount  of  humidity  to  most  healthy  people  is  when  the 
relative  humidity  is  b<?tween  70  to  80  per  cent.  In  chronic  lung  tlisease^ 
however,  a  very  moist  air  is  generally  most  agreeable,  and  allays  eougk  The 
evaporation  from  the  lungs  produced  by  a  dry  atmosphere  iipiicai's  tt>  irritate 
tham. 

The  moist  hot  siroccos,  which  are  almost  saturated  with  water,  are  felt  as 
-  oppressive  by  man  and  beast ;  {inil  this  can  hardly  lie  from  nny  other  cause 
than  the  check  to  evaj>oration^  and  the  consequent  rise  in  the  tt!nif>emture  of 
the  botly. 

It  is  not  yet  known  what  mte  of  evaporation  is  the  most  healthy.  Ext:^« 
aive  evaporation,  such  as  may  be  ptrxiuced  bj  a  dry  sirocco,  is  well  borne  by 
Bome  persons,  but  not  by  all  Probably,  in  some  cases,  the  physiologiiml 
iictor  of  perspiration  comes  into  play,  and  the  nervea  and  vessels  of  the  skin 
are  altered  ;  and  in  this  way  perspiration  is  checked-  We  can  hardly  accoimt, 
in  any  other  way,  for  the  fact,  that  in  Siime  persons,  the  dry  sirocco,  or  dry 
hot  land  wind,  produces  harshness  and  dryness  of  the  skin^  and  general 
malaise,  which  possibly  (though  there  is  yet  no  themiometric  proof)  may  be 
caused  by  a  rise  of  temperature  of  the  body. 

From  the  experiments  of  lA^hmann  on  pigeons  and  rabbits,  it  ftpjiears  that 
more  carbonic  acid  hi  exhaled  from  the  lungs  in  a  very  moist  than  in  a  dry 
atmosphere.  The  pathological  effects  of  hmnidity  are  intimately  connected 
with  the  temperatiie.  Warmth  and  great  humidity  are  bome,  on  the  whole, 
more  easily  than  cold  and  great  humidity.  Yet,  in  both  cases,  so  wonderful 
is  the  j»ower  of  adaptation  of  the  body,  that  often  no  hann  results. 

The  spread  of  certain  diseases  is  supposed  to  be  intimately  related  to  humidity 
of  the  air.  Malarious  diseases,  it  is  said,  never  attain  their  fullest  epidetuic 
spretid  unless  the  humidity  approaches  saturation.  Pli^ue  and  smallpox  are 
t)oth  checked  by  a  very  dry  atmosphere.  The  cessation  of  bubo  plague  in 
Upper  EgJ7»t,  after  St  John*s  Day,  has  been  considered  to  be  more  owing  to 
the  dryness  than  Xjc^  the  heat  of  the  air. 

In  the  dry  Hfirmattan  wind,  on  the  west  coast  of  Africa,  smallpox  caimot 
be  inoculated ;  and  it  is  well  known  with  what  difficulty  cowpox  is  kept  up 
in  very  dry  seasons  in  ludia,  Y^-dlow  fever,  on  the  other  hand,  seems  inde- 
pendent of  moisture,  or  will  at  any  rate  prevail  in  a  dry  air.  The  ohservationA 
at  Lisbon,  which  Lyons  baa  recorded,  show  no  relation  to  the  dew-point 

With  regard  to  other  diseases,  and  eaiwjcially  to  di6eas43S  of  sanguification 
and  nutrition,  observations  arc  much  noedodu- 
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SECTION  IIT. 
MOVEMENT  OF  AIR. 

ThiB  is  a  very  important  climatic  condition.  The  effect  on  the  body  b 
twofold.  A  cold  wind  abstracts  beat,  and  in  proportion  to  its  velocity ;  a  hot 
wind  carries  away  little  heat  by  direct  abstniction,  but,  if  dry,  increases 
evaporation,  and  in  that  way  may  in  part  counteract  ite  own  heating  power. 
Both,  pn»bably,  act  on  the  structure  of  the  nerv^es  of  the  skin,  and  on  the 
contractility  of  the  cutaneone  vessels,  and  may  thna  influence  the  rate  of 
evaporation,  and  possibly  affect  also  other  organs. 

The  amount  of  the  cooling  effect  of  moving  bodiea  of  air  is  not  easy  to 
determine,  as  it  depends  on  three  factors,  viz.,  the  velocity  of  movement,  th© 
temperatnre,  and  the  humidity*  of  the  air.  The  effect  of  moveraeiit  is  very 
great.  In  a  fitill  atmosphere  an  extremely  warm  temfML^rature  is  b>me  without 
difficulty.  In  the  Arctic  expeditions  still  air  many  degrees  lx4ow  zero  of 
Fahr.  caused  no  discomfort.  But  any  movement  of  such  cold  air  at  once 
fihills  the  frame.  It  haa  been  asserted  that  some  of  the  hot  and  very  dry 
desert  winds  will,  iu  aivite  of  their  warmth,  chill  the  body ;  and  if  bo,  it  can 
scarcely  be  from  any  other  reason  than  the  enormous  evaporation  they  cause 
from  the  ekin.  It  is  very  desirable,  however,  that  this  observation  should  be 
repeated,  with  careful  thermometiical  observations  on  the  body  and  surfaca 


SECTION  IV. 
WEIGHT  OF  THE  AIE. 
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I  shall  not  here  enter  into  the  question,  whether  the  alight  changes  in 
pressure  of  the  atmosphere,  which  occur  at  any  one  Bpoi^  have  any  ellect  on 
health,  or  any  infiuence  on  diaeasa 

Effcctft  of  Considerabk  LesBming  of  Pressure. 

When  the  diflerences  of  pressure  between  two  places  is  considerable,  ^^ 
marked  effect  is  produced,  and  there  seems  no  doubt  that  the  influence  4^| 
mountain  localities  ia  destined  to  be  of  great  importance  in  thempeutica.     ^^i 
is  of  peculiar  interest  to  the  army  surgeon,  as  so  many  regiments  in   the 
tropica  are,  or  ^viQ  be,  quartered  at  considerable  elevations. 

Ill  ascending  mountains  there  h  nuef action,  t.^.,  lessened  pressure  of  air; 
on  an  average  (if  the  weight  of  the  air  at  sea-level  is  14  1>  on  every  square 
inch)  an  ascent  of  900  feet  takes  off  ^  Ih ;   but  this  varies  with  height  (see. 
Measurbmbnt  of  IlEiOHTa) ;  there  are  also  lowered  teraj»erature,  and  leaeeo^^H 
moisture  above  4000  feet,  greater  movement  of  the  air,  increased  amount  ^^^ 
liglit,  greater  sun  radiation,  if  clouds  are  absent.     The  air  is  freer  from  gennB 
of  infusoria.     Owing  to  the  rarefaction  of  the  air  and  lessened  watery  ^^pour, 
there  is  greater  diathermancy  of  the  airj    the  soil  is    ni|)i<lly  heated,  but 
radiates  also  fast,  as  the  beat  is  not  so  much  held  bick  by  va^>our  in  the  air^ 
hence  there  is  very  great  cooling  of  the  ground  and  the  air  close  to  it  at 
night. 

The  physiological  effects  of  lessened  pressure  begin  to  be  pereeptible  at 
2800  or  3000  feet  of  altitude  ( =  descent  of  2 J  to  3  inches  of  mercur}')j 
they   are  quickened  pulse*  {fifteen  to  twenty  boats  per  minute) ;  quick euQ 

*  BaUoon  tucenU — Blot  n  nd  Gay -Lubmc  at  9,000  feet  -  increaso  of  1 S  to  30  heaU  of  the  j 
Qkl»liw,       .        ,    atl7/W0„-        „         10  to '24 
„  .       •.  at 24,000  „  «        ,,        24to3l 
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Tespirataon  (increase  =  ten  to  fifteen  respirations  per  minute),  witt  lessened 
fipLrometric  capacity,*  increaseil  evaporation  from  skin  and  lungs ;  lessened 
urinary  water. f  At  great  li eights  tliere  is  increased  pres-sure  of  the  gase,s  in 
the  body  against  the  containing  parts ;  swelhng  of  superficial  vessels,  and 
occasionally  bleeding  from  the  nose  or  lunga  A  sensation  of  weight  is  felt 
in  the  limbs  from  the  lessened  pressure  on  the  joiEtSy  At  altitudes  under 
6000  or  7000  feet  the  eliect  of  mountain  air  {which  is,  perliapti,  not  owing 
solely  to  lessened  pressure,  but  also,  jKJS^ibljj  to  inci*eased  light  and  pleitsnr- 
able  excitement  of  the  senses)  is  to  mum  a  very  miirked  improvement  in 
digestion,  sanguification,  and  in  nervous  and  muscular  vigi>ur,  |;  It  is  infeiTed 
that  tissue  change  is  accelerate*!,  but  nothing  definite  is  known* 

The  rapid  evaporation  at  elevated  positions  is  certainly  a  most  imjwrtant 
element  of  mounttiin  hygiene.  At  Puebln  and  at  Mexico  the  hygrometer  of 
Saussuro  will  often  mark  37",  which  is  equal  to  otdy  45  per  cent  of  satunition 
(Jourtlanet,  **  Du  Mexirpie,"  p,  49),  ami  yet  the  lower  rooms  of  the  houses 
are  very  humid,  ao  that,  in  the  town  of  Mexico,  there  are  really  two  cliniat-es, — 
one  very  moist,  in  the  rez-de-chaussee  of  the  houses ;  one  very  dry,  in  the 
upper  rooms  and  the  outside  air. 

The  dimimitinn  of  oxygen,  in  a  certain  cubic  space,  is  precisely  as  the 
prt^ssure,  and  c<in  be  calculated  for  any  height^  if  the  banjmeter  is  noted 
Taking  dry  air  only,  a  cubic  ft>ot  of  air  at  30  inches,  and  at  52'  Fahr.,  conkins 
130 '4  gmina  of  oxygen.     An  ascent  (about  5000  feet)  which  reduces  the 

(25  X  130 '4     \ 
-"     —  1 108-6  grainF. 

But  it  ifl  supposed  that  the  increjised  number  of  respinitioDB  compensate^  or 
more  so,  for  this;  and,  in  addition,  it  must  be  remembered  that  in  experi- 
monta  on  animals,  as  long  as  the  percentage  of  oxygen  di)l  not  sink  below  a 
certain  fM^int  (14  ptT  cent),  as  much  was  absorbed  into  the  blixid  as  when  the 
oxygen  was  in  normal  propirtiom  Jourdanet  has  indeed  asserted  ("  tJu 
^lexique,"  p,  76)  that  the  usual  notion  that  the  respirations  are  augmented  in 
number  in  the  inhabitants  of  high  lands  is  "  completely  erroneous ; "  that  the 
respimtions  are  in  fact  lessened,  and  that  from  time  t<3  time  a  deeper  respira- 
tion is  voluntarily  made  as  a  partial  cofmpensation.  But  Coindet^  from  1500 
observations  on  French  and  Mexicans,  does  not  confirm  thia ;  the  mt^an 
number  of  respirations  was  19  36  per  minute  for  the  Frencli,  and  20*297  for 
the  Mexicans. 

As  a  curative  agent,  mountain  air  (that  is,  the  consequences  of  lessened 
pressure  chieOy)  ranks  very  high  in  all  anaemic  afTections  from  whatever  cause 
(malaria,  hiemorrhage,  digestive  feebleness,  even  lead  and  mercury  pois^m- 
ing) ;  and  it  would  appear,  from  Hermann  Weber's  observatinns,  that  the 
existence  of  valvular  heart  disejise  is,  if  pri»|r»er  rulers  are  observed,  no  c^ntra- 
inrbcation  against  the  lower  elevations  (200O  to  3000  feet).  Neuralgia,  gout, 
an<l  rheumatism  are  all  benefited  by  high  Alpine  ix>8itionfl  (H,  Welwr). 
8crf>fula  and  consumption  have  been  long  known  to  bo  rare  among  the 
dweltere  on  high  lamis,  and  the  curative  effect  on  these  di^eas'is  of  such  pkces 
is  also  marked  ;  but  it  ia  possible  that  the  open  air  life  which  is  le4l  has  an 


Tlifi  beats  Mem  to  aiigin«nt  in  number  with  tbe  eleraUon.  Thfme  tue  mfer  numbere  than  thoM 
obtained  in  mountAtti  osoente,  »  tbere  it  no  phyeiical  exertion.  In  naoontoin  eUmhiog  tha 
inereAem  h  much  greater 

*  Hattmy  fonnd  an  ascent  of  2000  feet  (at  Ascension)  lesuened  the  "vital  GapAcity."  a« 
jaclge*!  of  )»y  the  Hpirometer,  from  2f56  to  249  and  243  cubic  iucfaes. 

t  Viv»!ivjt,  Virchow'jiArcluv,  ISdO,  baud  xix.  p.  i9%     This  i«  probable,  bat  0ot  yet  proretl, 

Z  Uermaao  Weber,  CUwate  of  the  SwiiS  AIpi»  IBM,  p.  17* 
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iiilluence,  as  it  is  now  known  tTiat  great  elevation  m  not  necessary  for  the  cur©* 
of  phtliiais,* 

I)r  Hermann  Weber,  in  h\s  Lniportant  work  on  the  Swiss  iUps  (p.  22),  hfiB 
given  th(3  present  evidenci\  and  has  sbo^Ti  b.f>w  in  tbe  tnie  Alpine  region — ir» 
Danphiofi,  in  Peru  and  ilexico,  and  in  Germany- — phthisis  is  decidedly 
averted  or  prevented  by  kigli  altitn(b;fl. 

Although  on  the  Alps  phthisis  is  arrested  in  strangers,  in  many  places  the 
8wiss  women  on  the  lower  hei^rhts  sntier  greatly  fi\>m  it ;  the  cauae  is  a  social 
one  ;  the  women  etnplfiywl  in  making  embruidt?ry  congregate  all  day  in  small, 
ill- ventilated,  low  rooms^  where  they  are  <jften  obHged  to  be  in  a  constrained 
position ;  their  food  is  poor  in  qnality.  8crofnla  is  veiy  common.  The  men 
who  live  an  open  air  hfo  are  exempt ;  therefore,  in  the  rety  plat-e  w^here 
Btrangers  are  getting  well  of  phthisis  the  natives  die  from  it^ — another  instance 
that  we  must  louk  to  local  comlitions  and  social  habits  for  the  great  t-anse  of 
lihthisis.  It  wonld  even  seem  possilJe  tlmt,  after  all,  it  is  not  indeerl  elevation 
and  rarefaction  of  air,  but  simply  plenty  uf  frt^sh  air  and  exercMse,  which  are 
the  great  agents  in  the  cure  of  ph  this  is. 

Jourdanet,  who  dilfers  froia  so  nmch  that  is  commonly  accepted  on  tl 
p>int,  give^  ailditional  evidence  on  the  e fleet  of  elevatifni  on  phthisifL 
Vera  Cniz  phthisis  is  common ;   at  Pnehla  antl  on  the  Mexican  heights,  it 
almost  absent  (k  jnm  pr^s  inille). 

The  diseases  for  which  mountain  air  is  least  usefid  are — rhenmatimn,  at  the 
lower  elevations  whem  the  uii*  is  moist ;  abuve  this  rheumatism  is  imprt»ved  ; 
ami  clironic  inUHmmatory  aifeetions  of  the  resi>imtory  organs  (?).  The 
^'mountain  asthma  "  appears,  however,  from  Weher'a  obser^'ationa,  to  be.  no 
specific  diseasOj  but  to  be  common  pulmonary  emphysema  following  chro] 
bronchitis. 

It  seems  likely  that  pneumonia,  pleiuisy,  and  acute  bronchitis,  are  mi 
common  in  higher  Aljiine  regions  thim  lower  do\^Ti. 

Effects  of  incrtiMdd  Fress^ira. — Thtj  t'tfects  of  increased  pressure  have  bi 
noticed  in  iKJi-ai>ns  working  in  diving-bells,  &c,,  or  in  those  submitted 
treatment  by  Ciuupressed  air.  (At  Lyons  and  at  Reichenhallt  e^»ecially.) 
Wien  the  pressure  is  increased  to  fnaii  IJ  to  2  atmospheres,  the  pulse 
becomes  slower,  though  this  varies  in  intlividuil  i^ase^ ;  the  mean  lessening 
is  10  beats  jier  minute  ;  the  respirations  are  shghtly  lessene<.l  (1  per  minute) ; 
evaporation  from  the  skin  and  lungs  is  said  to  be  lessened  (1) ;  there  is  siima 
recession  of  blood  from  the  peripheral  parts ;  there  is  a  little  ringing 
sometimes  pain  in  the  etirs  ;  hearing  is  more  acute  ;  the  mine  is  increased 
quantity;  appetite  is  in  cretised;  it  is  said  men  will  work  more  \ngoroual; 
When  the  pressure  is  much  gi'oater  (two  or  three  atmospheres)  the  eftecta 
sometimes  very  marked;  great  lowering  of  the  pulse,  heaviness,  headacl 
and  sometimes,  it  is  sairl,  deafness.  It  is  sjiidj  that  more  oxygen  is  absorb 
and  that  the  vtjutjus  blood  is  as  red  as  the  arterial ;  the  skin  also  sometimea 
acts  more,  and  there  may  even  be  sweating.  The  main  eifect  is  to  lessen  tl 
i^uautity  of  blood  in  the  veins  and  auricles,  and  Uy  increase  it  io  tbe  arterii 
and  ventricles ;   the  filling  of  the  ventricle  during  the  relaxation  takes  place 


'm 


J 


ice^ 


*  Some  time  ago  &  reinarknbk  paper  was  pnblished  l>y  Dr  James  Blake  of  California  on  tbe 
tneatracDt  of  phtkisis  (PaciUc  Medical  Jniimal,  1S60).  He  ttdopted  the  plnu  of  mukJDg  hU 
r«tietit«  live  in  tbe  open  air ;  in  tlu^  Htimmer  mnntlis  he  made  them  aleep  oat  without  any  tent : 
the  result  was  an  astonishing  inipn'tvefiient  iu  il.i|u^i>Htion  &nd  sangidf! cation  ;  the  reaifltanoe  to 
any  ill  eflectK  from  cold  and  wet  is  descrilierl  a.s  niarvcllouji*  AaDr  Blake  ia  well  known  to  " 
perfectly  tnistwortTij%  theae  statenientji  are  worthy  of  all  consideration, 

t  For  DJi  account  of  tlie  effects  noted  at  Eeichenhall,  see  Dr  Burdon  Sandonon's  Aosoirat 
Tke  practitioner,  No.  iv.  1868,  p.  22L 

;  Foley.     Du  Travail  dans  Tair  c  mi  prim  I,  Gas.  HeMom,  1863,  No.  92.  J 
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ire  alowly.     The  diastolic  mterval  ia  lengtliened,  and  fche  pulee  is  therefore 

WtT. 

When  the  workmen  leave  the  compressed  air  thcj  are  said  to  suffer  fix>m 
hatmorrhtigea  and  occasioiud  nervoius*  atiectiotiJi,  which  may  be  from  cen^hral 
or  spinal  htemorrhEge.*  As  a  curative  agent  in  phthisic,  the  evidence  is  un- 
favour^ible. 

Some  observations  lately  made  by  M,   Eertt  show  that  oxy^n,  when  it 
-0nterB  the  blood  un^ler  preesiu^e  (&iifb  aa  that  given  by  17  atmospheres  of 
^^ttmaspheric  air,  or  3i  atuiospheres  uf  pmt<  oxygen),  is  toxic  tci  binls,  pro(bi- 
^    ^ciiig  eonvulsiona     Uonvnlsions  am  produced  in  dugs  when  the  presBure  in 
only  7  or  8  utmoBpheregi,  and  wlien  the  oxygen  amounts  to  only  double  the 
normal  amount,  or,  in  other  words,  reaches  32  tJ.C.  per  100  CU.  of  blood. 
M.  Jiert  oonjecturea  that  the  toxic  intluence  of  oxygen  is  on  the  uitvoub 
centres,  like  Btrycbnine.     The  animal  temperature  fell  2  or  3  dr^giees  (C) 
during  the  convukions,  so  that  excess  of  oxygen  did  not  cause  increased  com- 
bustion.    In  the  case  of  a  dog  kept  under  a  pressure  of  9  J  atmospherea  for 
some  time,  gas  was  found  in  the  ventral  cavity  and  in  the  art?olar  tisaue,     in 
man  the  pressure  of  only  5  atmospheres  appears  to  be  dangerona.} 

Is  Acdimaiisatioji  pomUe  1 

The  dt>ctrine  of  acclimatisation  has  been  much  debatetl,  but  prol>4ibIy  we 
do  not  know  suthciently  the  physiological  conditions  of  the  Itody  under 
ditierent  eircumstimces.  In  the  case  of  Europejini  hving  till  puberty  in  a 
tem|>erate  region,  near  the  se^level,  and  in  a  moist  climate  like  Engkmil,  and 
then  going  to  the  trtipics,  the  question  of  acclimatisation  would  Im*  put  in  this 
form, — Dloss  the  Wly  acconmi<j<tate  itself  to  greater  heat,  Ui  lessene»l  humidity 
in  some  cages,  or  gn^ater  in  others,  and  to  varying  altitudes  1 

There  can  Ive  little  duubt  that  the  body  does  accommodate  itself  within 
certain  limits  to  greater  heat,  as  we  have  seen  that  tlie  lungs  act  leas,  the  skin 
more,  and  that  the  circulation  lessens  when  Englishmen  pass  into  the  tropics, 
There  is  so  far  on  accommodation  or  alteration  impressed  on  the  functions  of 
the  body  by  unwonted  heat  And  we  may  believe  that  this  etl'ect  is 
permiLiient,  Le.,  that  the  lungs  continue  to  act  leas,  and  the  skin  mi»re,  as  long 
as  the  Kumpeans  remain  in  the  tropicj*.  Doubtless,  if  the  race  wej^  |Kir]tetu- 
ated  in  the  troi)ic8,  succeeding  gemjrations  would  show^  tixed  alterations  in 
these  organs. 

We  may  conclude  that  the  eonveree  holds  true,  and  that  the  cold  of  tem- 
perate regions  will  inHuence  natives  of  the  tropica  in  an  opjxisit^  way,  and 
this  Beems  to  be  rendered  likely  by  the  way  in  which  lung  alfections  arise  in 
many  of  them. 

We  may  admit  there  ia  an  acjclimatiaation  in  this  sense,  bnt  in  no  other. 
The  usual  l>elief  that  the  constitution  ac^iuires  in  some  way  a  power  of  resist^ 
ing  unliealthy  influences— that  is,  a  power  of  not  being  any  longer  susceptible 
to  them^ — is  not  supjyorted,  as  far  aa  I  can  see,  by  any  evidence.  The  lungs 
ia  Europeans  will  not  regidn  their  weight  and  amount  of  action  in  the  tropics ; 
a  change  to  a  cold  climate  otdy  will  cause  this ;  the  skin  retains  its  increased 
function  nntd  the   cause  prodticing  it  is  removed.     So  aleo   therie   is  no 

*  See  Limotudn  in  C«ii«Utt,  1863,  baud  IL  p.  105,  and  B^biagton  in  BubHa  Qaartefly 
Journal.  Nov.  18^1. 

t  CbemicAl  Newa,  Univh  28,  187SL 

♦  tn  the  colliery  accident  at  font  y-Prydd,  sereral  men  were  confined  for  ten  day*  in  a 
amali  ipnce«  in  which  the  air  wmi  Tnocn  coroproaied.  The  exAiSt  pireasure  is  tinknown,  bat  it 
wan  sutnciest  to  driKu  one  of  the  nit^n^  with  fatal  force,  iato  the  openhiK  made  for  their  resctie. 
Altbouf^h  the  men  wor«  without  food  all  the  time  mef  appeared  to  mve  euffbred  Ic&a  Uian 
udght  hare  been  aatidpated* 
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accliTnatisation  in  any  sense  of  tlie  word  far  malaria.  It  would  seem  deairabl'3 
to  discontiiuie  tlie  use  f>f  a  term  whii-b  ha!?  hivl  several  meauiogs,  and  to 
replace  Acclimatisation  bj  tiie  word  Accommodation* 

SECTION  V. 
COMPOSITION  OF  THE  AIR. 

The  proportionate  amounts  of  oxygen  and  nitrogen  remiiin  very  oonatant  in 
all  countries,  and  tbe  range  of  variation  is  not  great 

So  also,  apart  from  the  habitations  of  m^n,  the  amount  of  carbonic  acid  is 
(at  elevations  occupied  by  men)  constant  The  variations  in  watery  vapour 
have  been  already  noticed. 

The  only  alterations  in  the  composition  of  the  air  which  come  under  the 
bead  of  climate,  are  changes  in  the  state  in  which  oxjgen  exists  (for  no  change 
is  known  to  occur  in  nitrogeu),  and  the  prose uce  of  impurities* 

Sub-Sbcjtion  L — Ozone, 

Ozone  is  now  admitted  by  most  chemists  to  be  an  allotropic  condition  of 
oxygen ;  and,  as  conjectured  by  Odlirig,  it  is  now  believed  that  it  is  a  com- 
pound molecule  mfule  up  of  three  molecules  (OJ^)  of  oxygen.  The  so-cnlled 
antozone  is  now  believed  to  be  peroxide  of  hydrogen  ditfuaed  in  a  lai^ge  quan- 
tity of  atmospheric  air.  Variations  in  the  amount  of  ozone  have  been  sup- 
posed to  be  a  cause  of  climatic  ditierenc^e,  but,  in  spite  of  all  the  bbour  wbi^ 
has  been  given  to  this  subject,  the  e\ddence  is  very  unconclusive.  The  re. 
tbn  with  the  ozcme  paper  is  liable  to  great  fallacies*  (s<x^  Mete^iroloo^ 
Yet  it  aoema  clear  tlmt  some  poiut^  are  made  out ;  the  ozc^nic  rt*action  is  grca' 
in  pure  than  impure  air ;  greater  at  the  sea-side  thtm  in  the  interior ;  greater 
in  mountain  air  than  in  the  plains ;  absent  in  the  centre  of  large  towns,  y< 
present  in  the  suburbs ;  absent  in  an  hcKspital  ward,  yet  pi^esent  in  the 
outside.  In  this  country  it  is  greater  ivith  south  and  west;  winds ;  gnml 
aceoitliiig  to  Moffat,  when  the  mean  daUy  temjierjiture  and  the  dew-point  tei 
puKiture  are  above  the  mean  ;  the  name  observer  found  it  in  iiicrejised  cjuanti 
with  dec rc?.jLSiiiig  readings  of  the  barometer,  and  conversely  in  lessened  qiuvnti 
with  increasing  readings. 

The  imperfections  in  the  test  render  it  desirable  to  avoid  drawing  conclu- 
sions at  present ;  but  one  or  two  points  must  lie  adverted  to. 

1,    Owing  probably  to  the  oxidising  power  of  ozone  when  prepared  in  ti 
labomtory,  a  great  power  of  destruction  of  organic  matter  lloating  in  the 
has  been  ascribed  to  ozone  by  Bchonbein,  and  the  absence  of  ozone  in  the 
has  been  attributed  by  others  to  the  amount  of  organic  matter  in  the  air 
towns.     Even  the  cessation  of  epidemics  (of  cholem,  malarious  fevers)  hi 
been  ascribed  to  currents  of  air  bringing  ozone  with  them.     The  ac^^umula- 

♦  ThB  flulij>«t  of  ozone  will  be  fotind  fally  rlisciused  by  Dr  C.  Fox  (0mm  and  Antoxone, 
1873).     Tbo  cnusea  of  fallacy  in  tbe  teats  are  csarefally  expbiincd.     Admlttiiig  the  uncertainties 
of  the  aulfjecl,  and  doubting  wbetber  oaone  bus  been  abfivm  to  play  any  part  in  aiding  or  tT«*rf 
ing  epidemic  diueases,  Dr  Fox  yet  ooncl tides  that  ozone  i«  an  agent  of  grant  imfiiortanoe  I 
nature ;  tbat  it  decomposer  5ome  of  tbe  offenjiive  prciducts  of  puti^f action  ;  and,  as  It  euaf 
natunilly  in  the  air,  we  may  infur  tbat  tbe  con  sumption  or  non-existence  of  osone  luajf  amts 
hxitQ  to  tlie  fonimtion  of  aji  unhealthy  atmosphere  (p.  163K     Dr  Foi  adopta  the  ri«w  th 
o«one  is  made  up  of  three  atoms  of  oxygen ,  and  that  its  forratila  is  OgO=-i%.     Antoitnm?  I 
oonsidi'm  to  be  peroxide  of  hydrogen  the  mixing  of  which  with  oxone  would  cause  the  folioi 
ing  change : 

f>30  +  Hs0.j-e„0+20s 
One  molocule  of  water  and  two  of  oxygen,  in  the  form  in  whlcb  we  are  acquninted  with  it  1 
ft  iep«mte  state. 
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tion  of  malaria  at  night  has  been  ascribed  to  the  non-production  of  ozon^  by 
the  aun'a  rays  (Uhle,)  Tho  effoct  of  stagnant  air  in  increaeing  epidemics  has 
also  been  ascribed  to  the  absence  of  ozone. 

It  seems  clear  that  the  substance  giving  the  reaction  of  ozono  is  neither 
deficient  in  marshy  districts,  nor  when  ozone  is  conducted  through  marsh  dew 
does  it  destroy  th©  organic  matter,*  Is  there  any  experimental  proof  that  it 
acts  on  the  oi^uic  impurities  of  respiration  ?  I  have  been  able  to  iind  none 
recorded,  except  tho  fact  ah-oady  noticed,  that  the  reactiDB  is  least  in  impure 
air. 

2.  On   account  of  the  irritating  effect  of  ozone^   when  rising  from   an 

»elei!trc>de,  Schonbein  believed  it  had  the  power  of  causing  catarrh,  and  inferred 
that  epideraies  of  influenza  might  be  pr*:iduced  by  it  lie  attempted  to 
adduce  evidence,  but  at  present  it  may  safely  be  said  that  there  is  no  proof 
cf  such  an  origin  of  e]>idemic  catarrhs. 
3.  A  popular  opinion  is,  that  a  climate  in  which  there  L^  much  ozone  (Le.^ 
of  the  substance  giving  the  reaction  with  iodide  and  stjirth  paper)  is  a  healthy^ 
and,  to  use  a  common  phrase,  an  exciting  one.  Tlie  cx> incidence  of  excess  of 
this  reaction  with  pm^e  air  lends  some  support  to  this^  hut,  lilto  the  former 
opinions,  it  still  wants  a  sufficient  experimental  basis. 

On  the  whole,  the  subject  of  the  presence  and  effects  of  ozone,  curious  and 
interesting  as  it  is,  is  very  uncertain  .at  present ;  experiments  must  be 
aimieronsj  and  inferences  drawn  from  them  mast  be  received  with  caution, 

I  Sub-Section  II — Malabia. 

The  most  important  organic  impurity  of  the  atmoaphero  is  malaria  (for  Air 
of  Marsht*s,  see  page  111),  and  when  a  climate  is  called  **  miliealthy,"  in  many 
cases  it  is  simply  meant  tlrnt  it  is  malarious.  In  the  chapters  on  8oiLfi  and 
Am  the  most  importimt  hygienic  facte  connected  with  malaria  have  been 
noted.  In  this  pkce  it  only  remains  to  note  one  or  two  of  the  climatic  points 
associated  with  malaria, 

1,  Veriknl  A  see  fit, —A  marsh  or  malarious  tract  of  coTintry  existing  at  any 
point,  what  altitude  gives  immunity  from  the  malaria,  supfMjsing  there  is  no 
drifting  up  ravines  I  It  is  weQ  known  that  even  a  slij^'ht  elevation  lessens 
danger — a  few  feet  even,  in  many  cases,  but  complete  security  is  only  obtained 
at  greater  heights.  Low  elevations  of  200  to  300  feet  are  often,  itideed,  more 
malarious  than  lower  lands,  as  if  the  mfdaria  chiefly  floated  up. 

At  present  tho  elevation  of  perfect  security  in  different  imiis  of  the  world 
is  not  certainly  determined,  but  appears  to  be — 

Italy,     •         .         .         .     400  to   500  feetf 

AiiH^rica  (Appalachia),     .         .        3000    „ 

California,!    •  -         •        1000    ,, 

India,     ....  2000  to  3000    „ 

West  lodiea,  .         .1400  „  1800  up  to  2200  feet 

But  these  numliers  are  so  far*  uncertain  that  it  has  not  always  been  seen 
that  tht*  question  is  not,  whether  marshes  can  exist  at  these  elevations  (we 
know  they  can  be  active  at  6000  feet),  but  whether  tho  emanations  from  a 


*  In  Bdmtlciii  to  wbftt  tiAS  bt^en  ifrevioiuly  said  (p.  112),  Grelloij  haa  Utely  «Uted  that  he 
found  niofe  CNBone  orer  %  nmrBb  tbao  «bewbere.  An  hiteresting  Mriea  of  ooMiTAtioo8  on  ozrmt 
in  the  BoTnt*y  PrMid«ticy  Ima  been  ma/dm  by  Dr  Cook,  andf  if  continued,  will  probably  give  its 
•ome  Ti'lmble  data  in  a  ft^w  yean. 

^m    2  ThJB  mfonnatioa  was  given  me  by  my  friend  Dr  Jamea  BliUt«* 
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maTsh  will  o^icBud  thrit  heijc^ht  witliout  drifting  up  rnTinc^  1     I  cannot 
suapectLQg  that  1000  to  1200  feet  would  gtiriymlly  give  securitj\ 

2*  Horizojdul  Spread — In  a  calm  air  Levy*  has  atippoaed  that  the  malam  ^ 
willspreEid  until  it  occupies  a  cube  of  1400  to  2000  feot,  which  is  equivalent 
to  saying  it  will  spread  700  to  1000  feet  homontally  from  tho  central  pc»int 
of  the  jnar.^h.  But  currents  of  air  take  it  great  distances,  though  the  best 
observations  show  that  thoae  distances  are  less  than  were  supposed,  and  seldom 
overpass  one  or  two  miles,  unless  the  air-ourrents  are  rapid  and  atrong.  The 
precise  limits  are  unknown,  lint  it  is  very  tiouhtful  if  tbe  belief  in  traxis- 
ference  of  malaria  by  air-cunents  for  10,  20,  or  eveE  100  miles,  is  correct, 

3,  Spread  oeer  Wafer, — The  few  precise  obaervations  show  that  this  differs 
in  ditlbrent  countries.  In  the  Channel,  between  Beveland  and  Walcben»n, 
3000  feet  of  water  stopped  it  (Blane).  In  China  and  the  West  Indies  a 
farther  distance  is  neeessary.  In  China  three-quarters  of  a  mile  has  been 
eflectual  ;t  i^  ^^o  West  Indies  one  mile.  Gnmt  thints  salt  water  moi\j 
etticacious  than  fresh, 

SECTION  YL 

ELECTRICAL  CONDITION— LIGHT. 

That  thesa,  as  well  as  heat,  are  important  parts  of  that  complex  agency 
cjil    Climate,  seems  clear  j    but  little  am  be  said   on   the    point.     In    ] 
countries  positive  electricity  is  more  abundant ;   but  the  effect  of  its  amount 
and  variation  on  health  and  on  the  spread  trnd  intensity  of  diseiises  is  quite 
unit  no ^^ai.     All  that  has  been  ascribed  ti:)  it  is  pure  speculation.     The  only 
certain  fact  seema  to  me  that  the  spread  of  cholera  is  not  in^uunced  by  it. 

With  regard  to  light,  the  physiological  doctrine  of  the  necessity  of  light 
growth  and  perfect  nutrition  makes  us  feel  sine  that  this  is  aa  impori 
part  of  cUniatej  but  no  positive  facts  are  known- 


ta^H 


•  T.  u  p.  464. 

f  Grant  (quoted  liy  CheTera),  Indinn  Annals.  1859,  p.  636. 
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IJESCEIPTIOX    OF   THE    METEOROLOGICy.    INSTRUMENTS, 
AKD   A  FEW  EEMAKK8   ON  METEOHOLOGY, 
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As  meteorolopcal  o'bservationa  are  now  so  commonly  made,  and  as  in  the 
arm  J  instruiuents  are  provitltHl  at  many  stations,  it  is  ileaiml*le  to  give  a  fow 
plain  inatructions  on  the  use  of  these  in^stniment^,*  For  the  convenience  of 
beginners,  also,  I  have  made  a  fcjw  observations  on  Meteorology, 

*  The  following  Is  tlie  official  circular  issued  by  the  Army  Department:'— 

OJ^cial  ffisintctions  fcrr  Rending  ihe  MeUorttlft^ical  TnMirwfunts. 

The  observer  «li<™ld  mako  himself  tlion>Qpjhly  aeqimint<?d  with  thf  scale  of  every  instrumpni, 
Mpeciaily  with  that  nf  the  bnronieter  ami  \U  attached  vernier,  and  hy  friMiueiit  contparisons 
mmtain  that  he  ami  his  deputy  read  the  instnimeTits  alike,  and  record  the  observations  accn- 
rately. 

All  observations  must  be  recorded  exactly  aa  Ttad.  The  correctlojifi  sra  to  be  mode  only  at 
the  end  of  each  month  on  the  *'  means  "  of  the  **siim8.'* 

Baroinetiictl  obaenratJons  maiit  be  reoorded  to  the  third  decimal  place  ;  thennometrical  to 
the  first  decimal.  When  the  rervdings  aw  exactly  to  the  inch  or  degR»e,  the  places  for  the  disci - 
Ttmls  iniist  he  filled  np  with  ciphers, 

Tlie  ohf^enrations  should  be  made  as  quickly  as  possible,  consUtent  with  perfect  aocuracv, 
and  the  observer  must  avoid  breathing  on  the  instrunients,  particularly  the  dry  and  wet  bulo, 
mad  maximum  thermometers. 

Bartmttfr  R«iuiings.—^t}i»  tho  temperature  of  attached  thermometers  in  degrees  only  ;  by 
means  of  the  thumb-screw  at  the  lK'>ttoiu  adjust  the  meri^ury  in  the  cistern  to  its  proper  levels 
the  point  of  the  ivory  cone,  whioh  ^houlfl  juftt  touch  the  mercury  witbnut  breaking  the  surface  j 
then  bring  the  xero  line  of  the  vernier  to  the  level  of  the  ftp«x  of  column  of  the  mercury,  and 
read  off  in  the  manner  described  at  pages  15  and  16  of  Sir  H.  James's  Book  of  Instnirtions.* 

TKermcmeter  Readings.— Tht  scales  are  dUided  to  degrees  only,  but  these  are  so  onen  that 
tbe  nadinga  cao  be  detenniiied  to  the  tenth  of  a  degree.  Practice  and  attention  will  insure 
•oeurscT. 

Maxanum  Thermometer  in  Shade, — T^ie  maximum  thermometer  must  be  hun^  at  such  a 
distance  (2  or  3  inches)  from  the  water  vessel  of  the  wet-bulb  thermometer,  that  its  readings 
may  not  be  affected  by  evaporation. 

m  hanging  the  maxim nm^  care  must  be  taken  that  the  end  of  the  tube  it  giightly  inclined 
dtmmioanls,  which  will  have  the  effect  of  assisting  in  preventing  the  return  of  any  pirtion  of 
the  column  of  mercury  into  the  bnlb  on  a  decrease  of  temperature.  To  read  the  m^tniment, 
sently  elevate  the  end  furthest  ih>ni  the  hulb  Ut  an  angle  of  about  45^  in  which  position  of  the 
instrument  note  the  reading.  To  reset  the  thermometer,  a  gentle  shake  or  swing,  or  a  tap  on 
the  wooden  frame  of  the  instmment,  will  cause  the  excess  of  mercury  to  return  to  the  bulb, 
and  it  is  again  rea<ly  for  use. 

Maieimum  in  Sun't  Rajf^s,  ortiieVamivm  Soktr  Radutiion  Thermofneter.—Beinf;:  constructed 
on  the  same  principle  as  the  last  mentioned  inntniment^  it  must  be  read  in  a  similar  position. 
After  completing  the  reading,  by  giving  the  instrument  a  slight  shake»  with  the  bulb  still 
inclined  downwards,  the  excess  of  mercury  will  return  io  the  nnlb,  and  the  thermometer  be 
rear^v  for  the  next  obaervatiatu 

jfinimum  Themumteler  in  S^cMfe.— The  minimum  thermometer  must  be  so  hung  that  the 
bulb  may  be  aliout  one  inch  lower  than  the  other  extremity  of  the  instrument,  because  in  tliia 
IKisition  the  index  is  leas  likely  to  be  affected  ^y  a  rise  in  temperature. 

The  extremity  of  the  index  furthest  from  the  bulb  shows  the  lowest  de^rree  to  whiefa  the 
spirit  has  fallen'since  the  last  observation.  The  reading  on  the  scale  corrt^si^ondini^  to  this  is 
tne  temperature  to  be  recorded.  Then,  hj  elevating  the  bulb,  the  intlex  will  flrmt  towarrls  the 
end  of  too  spirit.     When  it  has  lUiaWy  omMcf  at  thai  point,  the  instrument  i%  rr^^et. 

MinimMm  om  €fra»,  TcrraiMif  Itidiaium  Thermameier  is  constructed  like  the  last,  and  the 
direetiona  above  given  ax«  also  applicable  to  it 


•  fm  these  sre  new  tnhitiipted  "  Instmetloiis  In  the  tise  f»f  Mi>re<irrlnffff«]  InslnnDcais^'*  by  R.  H.  Seott, 
IfJL,  F^8^  ]»7A.   The  Itaroineler  eianeuettS  are  eaplslneU  st  pp.  30,  SL 
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SECTION  L 

THERMOMETERS  FOR  TAKING  THE  TEMPERATURE  OF  THE  AIR, 
Maximum  Thermamders. 

Two  maximiim  tliermometera  are  isaued — one  to  observe  the  greatest  heat 
in  the  sim,  the  uthtT  in  the  Bhade* 

Tlie  Bun  Maximum  or  *'  Solar  Radmtion  Thermomet^  "  is  formed  by  a 
glass  case  (from  which  the  air  is  removed),  containing  a  mercurial  thermometer 
with  a  blackened  buJh.  The  case  sheltcrK  from  cum-jitB  of  air  ;  the  black 
bidh  absorbs  the  sun's  rajs,  The  tube  of  the  theniiomett?r  is  slightly  bent 
Beiir  the  bulb,  and  a  piece  of  porcelain  is  inserteti  which  narrows  the  tuba 
Thtj  effect  of  this  ii*  to  make  the  thermometer  Belf-regiatering,  as,  after  the 
mercury  hiia  expanded  to  its  fuHeat  extentj  instead  of  retiring  mUy  the  bulb 
on  cooling,  it  is  8to|i]jed  bj  tlie  porcelain^  and  the  mercury  bn»aks  l>etwe«n 
the  porcelain  and  the  bulb.  The  instrument  is  place<l  at  a  height  of  lour  feet 
from  the  ground  on  wooden  supports,  and  in  any  place  where  the  sun's  rays 
can  freely  ftdl  on  it» 

The  Shade  Maximum  is  a  mercurial  thermometer,  not  inclosed  in  a  case  but 
mounted  on  a  frame.  Its  constnictictn  and  manner  of  reading  are  otherwise 
similar  to  those  of  the  sun  thermometer. 

It  is  placed  in  the  elmde  four  feet  above  the  gronnd,  and  sufficiently  far 
from  any  walls  to  l>e  imatfccted  by  radiation.  It  should  be  fi-cM^ly  exjiosed  to 
air,  but  perfectly  protected  from  the  sun's  rays.  f 


I 


After  T(3adiog  ami  re-wtting  the  aelf-registeriiiK  tlierraometers,  comp&nthem  wttb  the  dry- 
hxAh  tliftrmoiiietiir  in  order  to  asceitain  lliat  their  readinge  are  nearly  tSe  same, 

I>nf  and  WeiBuib  Thertmmeiers.—BTmg  tlie  eye  on  u  level  witli  the  top  of  the  TO<»TOiiry 
the  tube  of  the  dry-bulb  thernioni«ter,  and  take  the  i*eadlniBf,  then  complete  the  observation 
noting  in  like  manner  the  reading  of  the  wet-hulb  thennometer 

The  temperature  of  the  air  is  given  by  the  former,  that  of  evaporation  by  th©  latter.     Fi 
these  data  the  hygroraetrioul  results  are  to  be  calctikted  by  Glaiahcr'ii  Tables,  3d  ^\W\m  ' 

itain-Gatige  aim  Measure, — Pour  the  contentfl  of  the  gauge  into  any  eonvenien! 
II  lip,  and  from  thi«  into  the  glasa  measure,  wliinh  haa  been  graduated  especially  i< 
aod  ia  only  to  be  lued  tn  meaauring  ita  contents.    It  is  ^Mluabed  to  the  bmuLu  ._. 
inch. 

AnmtomeUn—The  dialt  are  read  from  left  to  rieht  The  first  on  the  left  records  hnndmls 
of  miles,  the  8econd  tens,  the  thinl  mileSi  the  fourth  tenths  of  a  njile,  and  tlie  fifth  hundredtlu 
of  a.  mik. 

The  readine  of  the  anemometer  w  ohtained  by  doductinpr  from  the  amount  registered  by  t] 
dials  Ihfl  total  sum  registered  at  the  period  of  the  preceding  ohaervation.     Tlie  diiferenoe  * 
tween  ihtym  ^snl»jectto  A  small  correction)  indicates  the  ve1o<;ity  or  horizontal  movement  of 
air  ill  mile.s  during  the  interval,  and  must  be  entered  in  the  return.     When  the  instmmenrS, 
firat  f^t  lip,  the  reading  on  the  diak  must  be  noted,  in  onkr  that  it  may  be  deducted  from  tfa« 
total  registered  by  the  dials  at  the  end  of  the  first  period  of  observation. 

In  malting  observationa  on  the  presence  of  osone,  a  box  has  l>oen  foand  U>  be  nnnece«iary» 
equally  satisfactory  result'*  having  been  obtained  by  filing  the  ijnjier  immediately  under  the 
penthouse  of  the  atand,  which  shelters  it  aufllcieiitly  from  a  atpong  light,  while  it  eecurei 
proTKT  exposure. 

The  minimum  thermoraetera  are  liable  to  get  out  of  onier— first,  by  carriage,  when  the  index 
may  be  v;ht>lly  or  partly  driven  out  of  the  eipirit,  or  a  portion  of  spirit  may  become  detached 
from  the  main  ctdumn ;  and,  secondly,  by  sl.jwevapoTation  of  the  Bpfrit.  whirh  rising  in  tla 
tnbe»  oondensiwi  at  the  upwr  end.  The  first-mentioned  enon*  are  corrected  by  taking  tnetbeT' 
mometer  ia  the  hand,  with  its  bulb  downwards,  and  giving  it  a  swing  up  and  down.  The 
second  i»  renietlic«l  by  the  inclined  po«iition  of  the  instrument,  which  allows  the  ooiuleiiaed 
spirit  to  trickle  Iwick  to  the  main  column.  + 

y. If.— On  no  account  wbntever  is  artificial  hejit  to  be  applied  to  a  spirit  thonuometflr.     In 
Te-iietting  the  minimum,  the  indux  should  never  he  brougnt  quite  to  the  end  of  the  colmnn 
aphrit, 

•  A  Ath  cditttin  is  now  pnbllihed. 

t  U  !•  K«iicrall]r  necettary  to  »w\ug  the  InAtnunent  to  get  l>i«k  tlw  broken  portloa  at  the  eoJunm, 
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Minimum  TherTnometers, 

Two  minimum  thermometerfl  ai©  supplietL 

Tlxu  Shack  Minim  imt  is  an  alcoliolic  thermometer  with  a  eniiiU  index  in  the 
alcohol  It  is  ml  hy  shaking  the  index  Clearly  to  the  end  uf  the  spirit ;  as  the 
epLnt  contracts  during  cold  it  carries  the  index  down ;  whun  it  expands  a^rain 
it  cannot  move  the  index,  but  leaves  it  at  the  degree  of  greatest  cold.  The 
end  of  the  index  farthest  from  the  bulb  is  the  jwint  tc*  ivmd. 

This  therrai  fmeter  is  jilaced  in  the  shade  four  feet  above  ground,  under  tlie 
Sftine  conditions  as  the  form  en 

The  Grasn  Minimum  or  **  Tert'esirial  Eadiaticm  Thermometer  *'  is  si  ther- 
mometer of  the  same  kind,  but  protected  by  a  glairs  shiehL  It  is  placed 
almost  close  to  the  ground  on  grass,  siiBpended  on  little  tripodB  of  wood^  hut 
it  fihould  not  touch  the  ground ;  it  ifl  intended  to  indicate  the  amount  of  cool- 
ing produced  by  radiation  from  the  ground.  If  snow  liea  on  the  ground  the 
bulb  should  be  placed  in  the  snow.  8cott  ("  InstmetioHa,  &c")  reconnnends 
a  black  board  on  which  to  lay  the  thermoMeter,  in  preference  to  grass^^ 

Common  Thermometer* 

The  dry  bulb  of  the  **  wet  and  dry  bulb  thermometer  "  is  reail  as  a  cojimion 
thermometer, 

Meading  of  tits  Thermomeiers. 

All  these  thermometers  can  be  read  to  tenths  of  a  degree.  The  maximum 
and  minimum  thermoiueters  are  reail  once  a  day,  usually  at  9  A.11. ;  the  former 
marks  the  highe.Ht  point  reached  on  the  previous  afternoon,  and  miiiit  he  so 
entered  on  the  return  ;  the  latter,  the  lowest  point  reached  on  the  same 
morning,  t  For  the  army  returns  the  common  thermometer  ia  read  twice  a 
day,  at  9  a-M.  and  3  p.m. 

Rat^fje  of  Oie  Temperature^ — The  maximum  and  minimum  in  sha^le  give 
most  imptirtant  climate  Lndcations ;  the  diflerenc^  between  them  on  the  same 
day  Cvonstitutes  the  range  of  the  diurnal  ^uctuation.  The  range  is  expresaed 
in  several  ways. 

The  extreme  daily  range  in  the  month  or  year  is  the  difference  between  the 
maximum  and  minimum  thermometer  on  any  one  day. 

The  extn^mely  monthly  or  annual  range  is  the  difference  between  the 
greatest  and  least  height  in  the  mean  of  month  or  year,  as  compared  with 
another. 

llio  mean  monthly  range  ia  the  daily  ranges  added  and  divided  by  tk) 
number  of  days  in  a  month. 

The  mejm  yearly  range  is  the  monthly  ranges  added  and  diWdeti  by  12. 

M&m  Temperaturc—ThQ  mean  temperature  of  the  day  is  obtained  iu  the 
following  ways : — 

(a)  At  Greenwich  and  other  observatories,  where  by  means  of  photography 
the  height  of  the  thermometer  at  every  moment  of  the  day  is  registered,  the 
mean  of  the  hourly  readings  is  taken.  This  has  been  found  to  accord  with 
the  absolute  mean  (found  by  taking  the  mean  of  the  whole  curve)  to  withia 
T^l^th  of  a  degree. 

(6)   Approximaiely  in   several  waya     Taking  the  mean  of  the  shade 

*'  Great  difflcolty  i»  foutid  with  dPirit  thermonieten  cm  meoiuii  of  th«ir  baing  «o  nmoli  !«■ 
teiMitlve  than  mercurial.  To  remeay  thii  the  bulb  U  fometiiiiea  mads  fork-thaped«  or  other* 
wise  moditt^d  lo  aa  to  expose  as  tarn  a  nirfaco  a«  possible. 

f  It  would  be  dflsinble  that  the  tbennometer  should  be  read  both  iDoming  and  evening.  In 
winter  the  mazimam  aometiinca  ocean  ia  the  early  taoming  and  the  mintfaurfi  in  the  artor* 
uoon.    Id  winter  tba  mnge  de|MauU  more  on  the  wind  than  on  the  time  of  day  {Soon}, 
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maximimi  and  miniinuin  of  the  same  day.  In  this  country,  during  the  cold 
month?  (December  and  January),  the  result  is  very  close  to  the  truth  ;  hut  as 
the  temperature  kicreaBea,  a  greater  and  jq^ater  eiror  is  protluced,  until  in 
July  the  menn  monthly  error  is  4*  1°'9  Fahr.,  and  m  some  hot  days  is  much 
greater.  In  the  tropics,  the  mean  of  the  maximum  and  minimum  must  give 
a  result  still  further  from  the  truth, 

Mrmthly  coiTections  can  he  applied  to  hring  these  means  ne4ir©r  the  truth, 
Mr  (ihiisher's  coirectiou  for  this  country  is  as  follows : — 

Subtract  from  the  monthly  meiin  of  the  imiximum  and  minimum — 


January,    0*2 

May, 

17 

September,  1*3 

E«3bniarY,  04 

June, 

1*8 

October,       \-0 

MaiN>h,       1*0 

July, 

1-9 

November,  0-4 

April,         1-5 

August, 

1-7 

December,   O'O 

The  result  is  the  approximate  mean  temperature.     But  this  is  true  only  for 
this  coimtry.* 

In  a  great  number  of  places  the  mean  temperature  of  the  day  and  year,  ns 
stated  in  Ix^oks,  is  derived  solely  from  the  mean  of  the  maximum  an<l 
minimum.  AccordLug  to  Scott,  the  approximation  to  the  true  m^iiu  is  very 
ck>se  in  most  parts  of  the  Avorld,  especiaUy  if  the  ohservatioDS  bo  taken  aa 
near  the  rwf  of  the  peric^d  as  posHible,  near  miiLuiglit,  for  instiince,  for  the 
mean  tif  the  civil  day  of  twenty -f(im"  hours. 

The  af>proximate  meim   temperature   may   also    be  obtiiined    hy    takin;? 
observations  at  certain  times  during  the  ihiy,  and  applying  a  eun'ei!ti()u,     Mr  ] 
Glaisher  has  given  some  very  valuable  tables  of  this  kiiid,t  which  can  be 
consulk'd.  J 

If  the  temperature  be  taken  twice  a  day,  at  homonymous  hours,  such  as  9 
A,M,  and  9  p.m.,  the  me^in  of  the^e  does  not  ditler  much  from  the  true  diiUy 
mean  (Scott). 

The  nearest  approach  to  the  mean  tem]>erature  of  the  day  by  a  single^ 
observation  is  given  at  from  8  to  9  p.m.  ;   the  next  is  in  the  morning — about 
8  o'clock  iu  July  and  10  in  DecembcT  and  January, 

The  nejirest  approach  to  the  mean  annual  tem|x^ratTire  is  given  by  the 
mean  of  the  month  of  October.     Observations  made  from  a  week  befoiie  to  A 
week  after  the  24th  April,  and  again  in  the  corresi>cmdiug  weeks  of  October,  ] 
give  a  certain  approximation  to    the   yearly  mean   temperature  (Hersdiali 
"Meteorology,"  p.  180). 

The  changes  in  temperature  of  any  place,  during  the  day  or  year,  are  either 
periodic  or  non-perio<lic.     The  fonner  are  dependent  on  day  and  night,  and  I 
on  the  seasons,  ?'.<?,,  on  the  position  of  the  place  with  respect  to  the  sun.     The 


.  pre- 
pficft- 


•  These  numbers  of  Mr  Glaisbcr  nre  likely  to  Tie  modified  very  considenibly  by  the  obsfflT»> 
tioiis  of  th«  Aatronoiuer-Royal,  about  to  be  puliliAhed. 

t  On  the  Corrections  to  be  applied  to  Meteorological  Observ^iitiona  for  Diurnal  Haiig«^  i 
tiared  by  the  Comieil  of  the  Bntisli  Meteorological  Society,  1850.    These  correctiotui  are  appfic 
mt  only  to  tbis  country. 

+  Th©  following  rules,  which  are  applicable  in  nil  parts  of  the  world,  are  given  by  Hers* 
cheli-* 

If  ub&ervations  are  takvn  tbre«i  times  daily— at  7  A.M.,  2  r.M.,  and  9  f.x., — boiin  wliidt  ^ 
may  denote  by  t,  t^  and  f  ;  then 

— — -2 =-meati  temperature  of  dny* 

It  the  houre  are  8  a,il,  S  P-M.,  and  10  p,af,,  the  fommla  is— 

— — -g^ -mean  of  doy* 


*M«tooniloi7  p.  178, 
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pmiodic  obanges  are  sometimes  termed  fluctuations,  and  the  differences 
betwi^eu  day  ami  night  tempemture^t,  or  the  temperatun***  of  the  hott-est  and 
ciddeat  months,  are  often  called  the  ampiitudesa  o£  the  daily  or  yearly  fluctua- 
tions. 

The  non-pericKiic  changes  are  dependent  chiefly  on  shifting?  windR,  and  may 
either  augment  or  lessen  the  perio<iic  changea.  They  are  sometimes  termed 
undultitiona.  The  thermometer  makes,  of  course,  no  distinction  between 
these  two  cauaee  of  change,  but  the  oWn^er  should  distinguish  them   if 


Dfiih/  Periofik  Changes, — On  land  the  temperature  of  the  air  is  at  its 
lowest  about  3  o'clock  A.M.,  or  just  before  8unrii*e,  and  at  \\^  maximura  alwiiit 
2  o'clt:)ck  P.M. ;  it  theu  falk  neuriy  regularly  to  3  oclock  a.m.  At  sea,,  the 
maximum  is  nearly  an  Lour  Liter. 

The  amount  of  diuniiil  jwriodic  change  is  greater  on  land  than  on  water;  in 
the  interior  of  continents  than  by  the  sea^de ;  in  elevated  du^tricts  thiin  at 
aea-leveh  Ab  far  as  land  is  ccmcerned,  it  is  least  on  the  st^a-coast  of  tropical 
iflhmds,  as  at  Kingston  in  tJaniaica,  Colombo  in  Ceylon,  Singapore,  tic. 

Yearly  Periodic  Changea,—ln  the  northern  h<'misphere-,  tlie  coldest  mouth 
is  uauaDy  January ;  in  mme  parts  of  Canada  it  is  February.  On  the  sea,  the 
coldest  month  is  later,  viz.,  March.  The  hottest  fmonth  is  in  most  places 
July,  in  S4ime  few  August ;  on  the  sea  it  is  always  August,  The  coldest  days 
in  this  country  are  towards  the  Slat  January  •  the  hottest,  about  the  1 8th  to 
the  Slst  July.  At  Tumnto  the  hottest  day  is  37  days  after  the  summer 
Bolfltioe  ;  and  the  coldest,  56  days  after  the  winter  solstice. 

It  is  thus  seen  that  both  for  the  diurnal  and  annual  alterations  of  heat  the  ^ 
greatest  heat  is  not  simultaneous  with,  but  is  after,  the  cttlinination  of  the 
sun ;  this  is  owing  to  the  slow  absorptioTi  of  heat  by  the  e^irtli. 

The  amplitude  of  the  yearly  fluctuation  is  gn^nter  on  land  than  sea,  and  is 
angumented  by  Lmd,  ao  that  it  reaches  its  highest  point  in  the  interior  of 
great  extra- tropical  continents. 

It  increases  towards  the  pole  for  three  reasons, — 

1.  The  geographical  fluctuation  of  the  earth's  position  causes  a  great  yeady] 
tlitference  of  the  angle  with  which  the  sun's  rays  fall  on  the  earth. 

2.  The  duration  of  incidence  of  the  aun's  rays  (/.f^,  the  number  of  hours  of 
sunshine  or  shade)  have  greater  yearly  diflTerences  than  in  the  tropics. 

3.  In  the  northern  hemisphere  esj>ucially  there  ia  a  very  great  extent  of 
land,  which  increases  radiation. 

The  am  put  tide  of  the  yearly  fluctuation  is  very  small  in  the  tropical  landB^ 
at  scadeveL  At  Singapore,  it  is  oidy  3' '6  Fnhr.  (Jam  78' *8,  July  82' '4) J 
wbUe  it  is  immense  on  continents  ntuir  the  pole.  At  Jakoutsk,  in  North  ] 
Asia,  it  is  WT'b  (January  -  44°*5  and  July  +  68"),  All  fluctuations  depend] 
to  a  large  extent  upon  the  distance  from  the  sea,  although  local  causea  may 
have  some  influence,  such  as  the  vicinity  of  high  lauds. 

In  any  place  there  may  be  great  undulations  and  small  fluctuations,  or 
great  changes  in  each  way.  At  Brussels,  the  greatest  p>8sible  yearly  unduLv 
tion  is  90°.  In  some  ]Mirts  of  Canada,  immense  undulations  sometimes  occur 
in  a  day,  the  thermometer  mnging  even  50"  to  70°  in  one  day. 

The  hot  winds  of  the  rainless  deserts  have  long  puzzled  meteorologistB  ; 
they  often  cause  anormoas  undulations,  50*  to  as  ninih  m  76*  Fahr. 

Temperaiure  of  the  Air  of  any  plaee^ 

This  depends  on  the  following  conditions  : — 

1.  Ow)gr€^ieal  pofition  as  influencing  the  amount  and  durai>i&n  of  j 
ray$  which  are  received. — ^The  nearer  the  e^^uator  the  hotter.     For  23^*  on 
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either  eido  the  equator  the  sim^s  rays  are  vertical  at  one  periotl  of  the 
and  iwe  never  mora  obiitiiie  thau  47'',     The  mean  yearly  t-i^mperattiire  of  the 
equator  is  82^  Fabr.  ;  of  the  jwle  about  2^*5  Fahr.     The  decline  fixnn  the 
6quati>r  to  the  pole  m  not  regular ;   it  is  more  rapid  from  the  equator  to  30' 
than  in  the  hitrher  latitudes. 

2.  Rdaiim  nmtmtd  of  Land  and  Writer. — The  buh's  raya  paflsing  th?oug] 
the  liir  with  but  trifling  losa  f:dl  «jn  land  or  on  water.     The  sp<icific  heat 
land  being  only  one  quarter  that  of  water,  it  both  alisorbs  heat  and  gives 
out  more  rajiidly.     Water,  on  the  other  haniln,  absorbs  it  more  fllowly,  stoi 
up  a  gi-eater  quantity,  and  ]»art8  with  it  less  readily.     The  tempt-raturt?  of  the 
superficial  watt^r,  ew n  in  tlie  hotttist  regions,  seldom  exceeds  80"  to  82^,  ai 
that  of  the  air  is  generally  below  (2^  to  even  6°)  the  temper? it ure  of  the  wa 
(J,  Davy).     Consequently  the  inore  lauil  the  greater  is  the  heat,  and  tl 
wider  the  dinrnal  ami  yearly  amplitudes  of  fluctuation.     The  kind  of  suil  " 
a  great  effect  on  ahfeorption,  and  the  land  also  transmutea  thehe^t  to  a  c« 
extent  (see  Soil),     The  evaporation  from  the  wat^r  also  greatly  cools  the 
(see  Ev.U'OKATl0\'), 

3.  FJemthm  of  the  place  above  the  Sea4eveL — The  greater  the  elevation  tl 
cohler  the  air,  on  account — l*f,  of  the  lessening  amount  of  earth  t-o  ahsui 
the  sun's  rays  ;   and,  2fi^  on  account  of  the  greater  radiation  into  free  spar 
The  decline  of  temperature  used  fco  be  reckoned  at  about  1'  Fahr,  for  each  300 
feet  of  ascent,  but  the  balloon  ascents  of  ilr  Welsh,  and  especially  of  ^Ir 
Glaisher,  have  proved  that  there  is  no  regular  decline  ;  there  are  many  currents 
of  warm  air  even  in  the  upper  atraosjdiere.     Still  tlie  old  rule  is  usef^il  as  an 
approximation.     The  amount  of  decline  vanCvS  however,  in  the  same  place  at 
different  times  of  the  year.     In  ilr  Glaisher'a  bitUoon  ascents,  in  a  cloudy  sk>\ 
it  was  about  4'  Fahr.  for  each  inch  of  barometric  fall,  at  first;  but  when  the 
barometer  liatl  faUen  1 1  inches,  the  liecline  of  tenifterature  was  more  rapi 
Under  a  t*^mrsky  there  was  a  fall  of  5'  Fahr.  for  each  of  the  first  four  inc" 
of  dei^ccnt ;  then  4°  per  inch  till  the  thirteenth  inch  of  descent,  and  then  4''"5 
for  fourteenth,  lif teeuth,  and  sixteenth  inches  of  descent 

Tlie  snoW'Une  at  any  spot,  or  the  height  at  which  snow  w^ill  lie  the  whole 
year,  can  be  approximately  reckoned  by  taking  the  mean  yearly  tempera tuE^^ 
of  the  latitude  at  sea  level,  and  midtij>lyiEg  the  diftennce  between  that  teo^H 
perature  and  32"  Fahr.  by  300.     The  aspect  i>f  a  place,  however,  and  othe^™ 
circumstances,  have  much  to  do  with  the  height  of  the  permanent  snow-line. 
The  minin  tem|»eratiure  of  any  place  can  be  approximately  reckoned  in  the  same 
way,  if  the  mean  temperature  of  the  latitude  at  sea  level,  and  the  elevation  of 
the  place  in  feet,  be  known* 

4.  Ah'pect  and  Ktpomire^  and  Si^cial  Local  Conditions. — These  circi 
stances  chietly  affect  a  place  by  allowing  free  exposure  to,  or  sheltering  fro] 
the  sun's  rays,  thtirefore  lessening  thi;  nimiber  of  hours  the  rays  reach  the 
or  by  furnishing  at  certain  times  a  large  m^ust  surface.     Thus  the  extensi 
sandbauks  of  the  Mersey  cause  very  rapid  alterations  of  temperature  in  tW 
watiu'  and  air^  by  being  exposed  every  twenty-four  hours  twice  to  tlie  sun  and 
fiky(Adie).  ^^ 

5*  Aerial  and  ihean  Cwn'^nfe.— These  have  a  great  effect,  briiiging  clou^^H 
which  block  out  the  sun  or  produce  rain,  or  which,  in  the  case  of  ocew^i 
currents,  ctx-d  or  warm  the  air.     The  cold  polar  sea  currents  and  the  warm 
equatorial  (liku  tlie  (Julf  Stream)  in  some  cases  cdmoat  detennine,  and  always 
greatly  infiuenccj  tlie  tt^mperature  of  ii  place. 

*5,  Nature  of  the  SoiL — Un  this  point  little  is  yet  known,  but  it  is  cei 
that  some  soils  easily  absorb  heat ;  others  do  not.  The  moist  and  clayey 
arc  cold  ;  the  dry  hard  rocks  and  dry  sands  are  hot. 
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The  hottest  places  on  the  earth  are — in  the  eastern  hemisphere,  near  the 
lied  Sua,  at  Miissava  and  Khartoum  (15"  N.L.),  and  on  the  Xilp  in  Lower 
Nubia  ;  annual  temfterature  =  90 "'5  Fahr. ;  in  the  weateni  hpmisphcre,  on  the 
Continent,  near  the  West  Indies,  the  animal  temperature  h  81  "'5,  Thi?se  arw 
sometiuieR  called  the  climatic  poles  of  heat  The  jx»k«  of  cold  are  in  Siberia 
(Jakout«k  to  Ustjausk,  62°  N.),  and  near  MelviUe  Island. 

hf^tJu^rmal  Lines, — The^te  are  linos  drawn  on  charts,  and  were  proposed  by 
Ilinubohlt  to  connect  all  platjes  having  the  same  mean  annmd.  temperature. 
The  vririous  conditions  just  noted  cause  these  lines  to  deviate  more  or  \es8  from 
tlie  lines  of  latitude.  The  iw thermal  lines  art^  now  drawn  to  represent  the 
places  of  the  same  mean  monthly,  or  mean  wint<^^r  or  summer  tempi^mture. 

The  linens  of  mean  summer  temperature  (three  mouthi*,  June,  July,  August) 
are  caUed  isoihend  ;  those  of  mean  winter  temjierature  (December,  Januaiy, 
and  February)  are  caMed  i^ocbeimonal.* 

SECTION  n. 


HYGROMETERS— HUMIDITY  OF  THE  AIR. 

The  amount  of  watery  vapour  in  the  air  can  he  determined  in  several  ways; 
by  direct  weighing,  hy  Daniell's  or  EegnaiJt's  hygr*j meter,  by  the  hair  hygro- 
meter of  Sanssure-,  and  by  the  ilr>'  and  wet  bulh^.f  The  method  by  the  dry 
and  wet  bidh  thermometers  has  been  adopted  by  the  Army  MediCiil  Depart- 
ment, and  observations  are  taken  twice  daily  (9  a.m  and  3  p»m,).  The  instni- 
mentB  are  not  self -registering,  and  are  simply  read  otf.  They  are  placed  in  the 
shade,  four  feet  above  the  ground,  the  bulljs  freely  exposed  to  the  air,  hut 
not  exposed  to  the  eifect  of  radiant  heat  from  brick  walls,  &c.  The  wet  bulb 
ie  corered  with  muslin,  which  is  kept  moistentd  by  cotton  twisted  round  the 
bulb  and  then  passing  into  the  water  vessel  ;  the  cotton  is  Boaked  in  solution 
of  carbonate  of  soda,  or  boiled  in  ether  to  free  it  fi-om  fat,  so  that  water  may 
ascend  easily  in  it  by  c^ipillary  attraction  ;  the  muslin  and  cotton  should  be 
renewed  frequently,  once  or  twice  a  month  if  jHis^silde ;  the  waU^r  must  be 
either  rain  or  distilled  water,  and  the  supply  ought  to  be  more  ample  in  dry 
hot  weather  than  in  damp.  W^en  the  temperjiture  is  below  the  frr^e/ing- 
pi*int,  the  passage  of  water  along  the  syphon  is  arrested  :  it  is  then  necessary 
to  moisten  the  wet  feulh,  allow  the  moisture  to  freeze,  and  then  sometime  after 
to  take  the  reading.  The  dew- ] joint,  the  weight  of  a  cubic  foot  of  vapour, 
and  the  relative  humidity,  are  then  taken  from  Mr  Glaisher's  tables.^ 

*'It  nukf  he  well  to  mention  the  relations  between  the  thre^  princiml  thermometer  ictlej. 
Whiliit  the  freesinff-poiot  in  the  Fahrenheit  scale  ia  nt  32^  it  i«  at  0*  in  both  th«  C«Dtigrade  (or 
(Vhiusi  aud  the  R^nniur  ftcftles.  Wftier  boiU  Bt  212^00  the  Fahrenheit  scale  (barometer 
-2S>-m^),  at  IW  on  the  retitigT^de,  md  at  SO'  of  lieaamtir. 

IJeDce  the  fonniiiU  of  reductioa  is  ; — 
from  which  the  corresponfling  temperatnrea  can  easily  be  found* 

F-sa        c_      jt. 

»         "    6    "     4  ' 

f  Thtae  are  to  be  considered  a«  one  tnstniment,  and  are  frequently  called  the  Psyehicmetcr 
of  Amntst,  or  (in  this  countij)  <if  Mtwon. 
t  Hygrumetiical  Tablea,  Oth  edition,  IBT7,    A  copy  is  now  sent  to  ead)  station. 
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^0  incH^ 


Weight  in  Grains  of  a  Cubic  Foot  of  Vapour^  under  the  prepare  of  30 
of  Mercury  for  evert/  d^greQ  of  temperature  from  if  /o  100°.     The  tempera- 
hire  w  the  dew-pointy  and  the  weight  of  vapour  is  the  weight  which  can  im 
sustmned  at  that  temperature  without  being  visihU. 


WelgHt  in 

Wdetifto 

Welf bt  In 

Weight  In 

\  Tuinp, 

grains  of  •> 

Tum^ 

irr*fni  of  ft 

Temp. 

fn^lnt  of  ft 

Temp* 

gr»iii»of» 

Fiihr. 

Cubic  Foot  of 

F^hr. 

Cubic  Foot  of 

Fabr, 

Cable  Faot  of 

FabT. 

Coble  F»wt  of 

Vftjwur, 

VapotiT. 

Viipoiir. 

Vapour. 
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• 
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32 
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67 
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33 
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85 
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69 
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86 
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70 
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87 
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36 
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£4 

4-71 

71 
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88 

13-98 

87 

2-57 

55 

4  87 

72 
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69 

14-41 

38 

2-66 

66 
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73 

8-82 

90 

14-56 

39 
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67 
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74 
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91 
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40 
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58 
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76 
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92 
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41 
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69 

6  "58 

76 
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93 
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42 
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60 
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77 
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94 
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43 
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61 
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78 
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96 
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44 
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62 
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79 
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96 
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45 
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63 
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80 
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97 
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46 
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64 
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81 
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98 
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47 
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U 
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82 
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99 
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48 
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m 
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83 
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19-84     ■ 

49 
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Definition  of  these  t*?rnu. — The  dew-poiiit  is  the  temperature  when  the  ail 
is  just  saturated  with  muistare,  so  that  the  least  ftirther  fall  would  cause  a 
deposit  of  water.  The  quantity  of  vapour  which  can  be  taken  up  and  be 
made  quite  invisible  t^o  the  senses  varies  with  temperature.  The  prec^^ling 
table  gives  the  weight  of  a  cubic  foot  of  vapour,  or  tt>  use  the  common, 
though  not  quite  accimttej  phrase,  the  weight  of  vapour  in  a  cubic  foot  of  ^D 
at  different  temperatures  when  the  air  \s  BaturatLHl  with  moisture.  ^| 

The  dew-point  is  obtained  direcfhj  by  DHuiell's  or  Rej^mault  s  hygTomet«p^ 
which  enables  us  to  cool  and  note  the  tenipemture  of  rt  bright  surfac^e  until 
the  dew  is  deposited  on  it,  or  indirect  it/  liy  means  of  the  dry  and  wet  bulbs. 

Unless  the  air  is  saturated,  the  temperature  of  the  wet  bulb  (t.^.,  the 
temperature  of  evay>oratioii)  is  always  above  the  dew-point,  but  is  below  the 
temperature  of  the  dry  bulb,  being  reduced  by  the  evttj>oration.  If  the  diy 
and  wet  bulbs  am  of  the  sftme  temperature,  the  air  is  saturated  with  moi&ture, 
and  the  temperature  noted  is  the  dew-point ;  if  they  ai-e  not  of  the  same 
temperature,  the  dew-point  is  at  some  distance  below  the  wet  bulb  temijemtuj©.* 

It  can  then  be  calculated  out  in  two  ways. 

(a)  By  Jlr  (ilaishcr's  factors.  By  com}iari9on  of  the  result  of  DanieU's 
hygrometer  and  the  dry  and  wet  bulb  thenjirjmcters  for  a  long  t<*rm  of  years, 
Mr  tThiisher  has  deducc^i  an  empirical  formula,  which  is  thus  worked.  Take 
the  difference  of  the  tiry  and  wet  bulb,  and  niultiply  it  by  the  facttjr  wluch 
stands  opiKfsite  the  dry  bulb  tenipiTatuRi  in  the  foll(twing  table,  de»luct 
the  proiluct  from  the  drj/  bulb  tempemtim:%  the  result  is  the  rlew-point 

The  dew-i>oint  being  obtained^  the  amount  of  vapour  in  a  cubic  foot  oti 


•  OccaBioaallv  the  wet-bulb  mny  read  higher  thtm  the  clry^  as  in  thick  Fog  or  ilurtnj^  very  < 


f.old  weother,    Aim  h  mre,  huU  ihould  il  be  luvt  with,  then  the  te]|]|H»mtur«  of  the  < 
oai  ooQAidered  to  be  at  satumticai  (8oott).'  ^ 


in  to  be  taken  taxi 
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is  at  once  seen  by  looking  at  the  table  before  given.     From  this  fonnula  Mr 
G]aisher*8  tables  have  been  cidctilated, 

(//)  Apjohn's  Formnhi, — Prom  a  moat  philosopbical  and  oxbanstive  analysis 
of  tb«^  conditions  of  this  complicated  problem,  Dr  Apjohn  hm  derived  his 
celebrated  formida  wliicb  is  ni>w  in  general  use,  Eeduced  to  ita  moat  simple 
expre^ion,  it  ia  tbus  worked  :— A  tnl>le  of  the  elnatic  tension  of  vapour,  in 
tocher  of  mercur)*  at  ditferent  t^^mjicratuK^a,  must  be  used.  From  this  table 
take  out  the  elastic  tension  of  the  tcmperatme  of  the  wet  thermometer,  and 
call  \if.  Let  (/-  t')  be  the  diiference  of  the  two  thermometers,  and  p  the 
observed  height  of  the  biirometer,  Apjolm's  fonnula  then  enables  na  to 
calculiitB  the  elastie  tension  of  the  dew-pi»int,  which  we  will  call  /*"';  and  thia 
Ixqbg  known  by  looking  in  the  table,  we  obtain,  opposite  this  elastic  tension, 
the  tlew-point  temperature. 


The  fonnula  ia : 


/'^/-O'01117(/--0 


30' 


The  fraction  ^-~-  differs  hut  little  from  itnity,  and  may  be  neglected ; 
the  foHBAila  then  becomes,  for  temperatures  above  32"  Fahr, : 


/•=/- 


{t-f) 


If  below  32*  the  fonnula  is :  /'  =/  -  ^^\ 

The  dew-point  being  kiio^m,  the  weight  of  a  cubic  foot  of  Vfijxiur, 
and  the  amount  of  elastic  tension,  expressed  in  inches  of  mercury  (if  this  is 
dedied),  are  taken  from  tables  j  the  relative  humidity  is  got  by  calculation. 

Glauhet'i  Factors — (See  previous  page)  : — 
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The  relative  hiiraidity  is  morely  a  coiiTenient  term  to  express  comparative 
diyneas  or  moiBtiire.  CVmiplete  saturation  being  assumed  to  Iw?  100,  any 
degree  of  dryneBS  may  be  expressed  as  a  percentage  of  this,  and  is  obtained  at 
once  by  dividing  tlic  weight  of  vapoiu*  actually  detennined  by  the  weight  of 
vapinr  which  Wf>u]il  have  been  present  had  the  air  been  saturatetL  ^h 

In  order  to  save  trouble,  all  these  poiiita,  and  <ither  iuatt.ers  of  iiitcEii^l 
Biich  as  the  weight  of  a  cubic  foot  of  dry  air,  or  of  mixed  tlr}^  an<l  moiijt  3^ 
are  given  in  Mr  C Jkisher'a  Hygn:>metrical  Tables,  wMch  arc  now  sent  tci  the 
principal  stations,  and  which  all  medical  offieei-s  are  advised  to  get  But  in 
the  absence  of  tliese,  the  tables  given  in  tliis  chapter,  and  (jSlai&her's  factors, 
will  enable  the  chief  points  to  be  detennintnl ;  also  the  table^  page  456,  which 
is  extmcted  fi*om  Mr  Glaisher's  lai^er  tables,  will  be  found  usefub  It  gives 
the  relative  hiimidity,  and  if  the  weight  of  a  culilc  foot  of  vapour  {in  the  table 
almaiiy  given,  p,  452)  at  the  tempemtiire  of  the  dry  bidb,  be  multiplied  by 
the  relative  humidity,  and  then  divifted  by  100,  the  actual  weight  of  vapour 
in  the  air  at  the  time  of  observation  is  obtained.* 

To  read  the  table,  take  the  teBii>erature  of  the  dry  bulb,  and  the  difierenee 
between  it  and  the  "wet  bidlj,  and  look  in  the  table  at  the  int^isrsection  of 
two  columns. 

The  amount  of  watery  vapour  can  also  be  told  by  a  hair  bygrometer. 
modification  of  Sauawnre's  hj^gronieter  is  still  used  in  France,  and  also  in 
Eusaia  and  Norway.  A  human  Lair,  freed  from  fat  by  digestion  in  liquor 
potassea  or  ether,  is  stretched  bet'vveen  a  fixed  point  and  a  smidl  needle,  w^hich 
trayerees  a  scale  dividefi  into  100  j^arts.  As  the  hair  shortens  or  elongates 
the  needle  moves  and  indicates  the  relative  humidity,  f  The  scale  is  graduated 
by  wetting  the  hfiir  for  complete  saturation,  and  by  placing  it  over  sulphuric 
acid  of  known  strength  for  different  degrt^es  of  Batumtion.t  A  very  deUcate 
instnmient  is  thus  obtained,  which  indicates  even  moment^iry  changes  in 
moistuTe,  On  eompanBon  with  the  wet  and  dry  bidb,  I  have  found  that  it 
giYea  accordant  results  for  three  or  four  months ;  it  then  loses  its  delicacyt 
and  reqiures  t-o  be  a  little  wound  up.  If  compared  witli  the  dry  and  wet 
bidb,  the  hair  hygrometer  seems  to  be  exact  enough  for  experiments  in 
ventilation,  fur  which  it  i&  adapted  from  its  i-r^ddity  of  in<lication»  It  hss 
also  been  recommended  by  the  Vienna  congress  for  use  in  extreme  climates, 
when  the  indications  of  the  peychrometer  are  either  uncertain  or  entirely 
astray, §  The  anioimt  of  watery  vapour  in  the  air  has  a  considendile  effect  on 
the  temperature  of  a  place.  Hermann  von  Schlagintweit]!  has  pointed  oat 
that  the  diH'erences  between  the  tempemtiire  marked  in  the  sun  and  shado 
by  two  maximum  thermometers  are  chietiy  dependent  on  tbe  amount  of 
humidity.  The  maxima  of  insolation  (measured  by  tlie  ditlerence  between 
the  stm  and  shade  thennometerH)  occur  in  those  stations  and  on  those  days 
when  humidity  is  greatest.  Thus,  at  Calcuttii,  the  relative  humidity  being  88 
to  93,  the  insolation  (or  difference  between  the  thennometers)  is  50"  Fdir. ; 
at  Bellari  tbe  Kdative  humidity  being  60  to  65,  the  insolation  is  8'  to  11', 
Th«3se  n.*sult43  art;  explaintHl  by  Tynd  all's  observations,  which  show  that  tha 
transparent  humidity  will  scanxdy  affect  the  sun's  rays  striking  on  the  sun 
thermometer,  wbile  it  greatly  obstructs  the  radiation  of  iiiviailile  heat  from 
the  thermometer ;  when  the  air  is  highly  charged  with  moisture,  the  sun 

•  Or,  what  is  the  same  thing,  mulliply  by  the  relative  humidity,  with  a  dedauJ  pol^ 
before  it, 

f  Hnir  Rfjortetw  when  dry  and  elongates  when  moiHt. 

X  The  gTRrlaatinn  of  the  scale  is  explaine^l  in  Thi>  Arctic  MftnuAlj  p.  IS* 

§  See  Scott's  Instructions,  p.  47* 
,   il  Prooeodinga  of  Eoyal  Soc.  vd.  liv.  p*  111^  18G5. 
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DESCEIPnON   OP  METEOROLOGICAL  mSTBUMENTS, 


SECTION  III. 
BAROMETER. 

A  good  inercurifil  liarometer  is  supplied  to  many  army  stations ;    the 
18  brass,  gniduated  t*>  20 the  i>r  i -tenths  on  the  scale,  and  is  read  to  y^ 
by  Eipaus  of  a  vemien     There  is  a  movable  bottom  to  the  cistern,  wUieh 
worked  up  and  down  by  a   screw,  so  as  to  keep  the  mercury  in  the  otHtem 
the  same  level.     Correction  for  caj:»acity  is  thus  avoi<ltML 

To  fix  the  Biirfjmdei\ — Choose  a  place  with  a  good  light,  yet  proti 
from  (lirect  sunlight  and  rain ;  fix  the  fmme  sent  with  the  barometer 
carefully  with  a  phmib-line»  so  ai*  to  have  it  exactly  perpendiculiir ;  then 
the  barometer  on  thr;  hook,  and  adjust  it  gently  by  means  of  the  thn?e  sCi 
at  the  bottom,  ^y  that  it  hangs  truly  in  the  centre.     Test  ibii  by  the  plumh 
line  (a  4  oz.  weight  tied  to  a  strii^  wiU  do),  and  then  imacrew  the  bottom  of 
the  cistern  till  the  ivory  point  is  scen. 

Eefore    tixing  the  barometer  the  bottom   should  be   unscrewed    till 
mercury  is  two  or  three  inches  from  the  top;  the  barometer  should  be  sutlde: 
inclined,  so  as  to  let  the  mercviiry  fall  against  the  t<:jp ;  if  there  is  no  air  it 
do  this  wath  a  sharp  click ;  if  there  lie  air  there  is  no  click  ;  in  that 
turn  the  barometer  upside  down,  and  tap  the  side  forcibly  till  you  see 
globule  of  air  psissing  up  the  tube  thmtigh  the  meixmry  into  the  cisteruL 
not  be  afrai«l  of  doing  this ;  if  thescrtjw  at  the  bott^im  be  not  too  far 
then^  is  no  danger  of  any  damage  to  the  instrument. 

Rfmillnij  of  Bartmiefttr. — Read  the  attached  theiTiiometer  first;  then 
the  cistern,  so  that  the  ivorj  point,  f»erceptihle  thixiugh  the  glass  wall  of 
cist(^rn,  s<?ems  just  to  touch  the  point  of  the  imagt?  in  the  mercury.     Tbi 
adjiLst  the  vernier,  so  as  to  cut  oil'  the  light  from  the  top  of  the  mere 
Then  read  the  srale  with  thfs  bntt-om  of  the  vernier. 

I  liavo  found  that  a  little  difficulty  is  experienced  in  understanding 
vernier  by  those  who  are  not  accustomed  to  such  instruments.     It  will 
probahlj^,  comprehended  from  a  little  ih^cription,  read  ^ith  the  instrumi 
before  us.     On  the  seal©  of  the  barometer  iti*elf,  it  will  be  seen  that 
smallest  divisions  correspond  to  liJilf-tenths  ;   that  is,  to  y^^^  ^^  ^^  ^' 
( ^  *05),     The  height  of  the  mert?ury  can  be  read  so  far  on  the  scale  itaelL 
The  vernier  is  intended  to  enable  us  to  read  the  amount  of  space  the  top 
the    merc^iiry  is  aliove   or   below    one   of   these    half'tenth   lines.     It        _ 
be  observed  that  the  vernier  isdiviiled  into  twenty-five  lines;  but  on  adjusting 
it,  so  that  its  hnver  line  correspjuds  with  a  lino  intlicating  an  inch,  it  will 
Been  that  its  twenty-five  divisions  only  e*|ual  twenty-fom*  half-tenth  divisii 
The  result  m^  that  each  division  on  the  vernier  is  ^th 


One  ^V^h  of  a  half-tenth  is  y^^ths  of  oa 


aelL     , 

11»J 
fan    1 


on  the  scale. 

a  half-tenth  division  on  the  scale. 

inch  (-05  -^  25  =  002  inch). 

This  being  understood,  adjust  the  vernier  so  that  its  lowest  line  accurately 
corresponds  to  any  line  on  the  scale.  It  will  then  be  seen  that  its  lowest 
line  but  one  is  a  little  flistance  below  (in  fact,  -002  inch)  the  next  line  on  Ibc 
fixetl  scale.  I^ise  now  the  %^ernier,  so  that  its  second  line  shidl  corresj 
the  line  on  the  scale  to  which  it  was  a  little  below ;  and  of  course  the 
of  the  vernier  must  l>e  rais<5(l  ^002  inch  ab#3ve  the  line  it  first  cor 
with  If  the  next  line,  the  third  on  the  vernier,  l>e  made  to  corpespon 
the  line  on  the  scale  just  above  it,  the  bottom  of  the  sciile  must  be 
double  this  {'004  inch)  above  the  line  it  was  first  level  with  ;  if  the  next 
on  the  vernier  1*  marie  to  correspoml  with  a  Hno  on  the  scale,  the  scale  is  raiecif 
*0tJ6,  and  so  on.  Each  tU vision  on  the  vernier 
fives  divisions  < 
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kThe  baroraete  is  reail  thim.  The  vernier  boing  ailJQ&teJ  to  the  ttip  of  the 
pEGiuy,  read  on  thtj  sraie  to  tli<5  half- tenth  ;  thon  ]ouk  uIxjvu,  and  s*^^  whut 
luB  on  the  renner  corresponds  uxuctly  ttj  a  line  on  the  scale.  Then  read  the 
pmber  on  the  veitner,  counting  from  the  bottom ;  mnltiply  it  hy  '002^  and 
b  result  is  the  iminber  of  hnndredtlm  or  thousandths  of  an  inch  the  top  of 
b  merctiry  is  above  the  half-tenth  line  next  below  it*  Add  this  number  to 
Sftt  4dready  got  by  direct  rending  of  the  lixed  scjde,  and  the  result  m  the 
lit  of  the  mercury  in  inches  an<l  Jecimids  of  an  inck 

ffor  the  Baromtfer. — The  l)arometer  Bupfilied  to  military  statir^ns 

I  no  correction  for  capacity*     There  Jire  two  constant  e<jireL tiona  for 

barometers,  viz.,  capillarity  and  indt^x  error.     The  tirat  dt'peiidH  on  the 

Mof  the  bore,  and  whether  the  mercury  hm  been  boiled  ill  the  tube  or  not. 

^   I  error  for  capillarity  is  notified  by  the  maker.    Index  error  is  detemnned 

'  comparison  with  a  standard  barometer.     It  is  indicated  by  the  makeri  and 

\b  consiunt  hy  the  same  barometer.     The  imlex  and  capiliarity  errora  are  put 

ether.     The  capillarity  erniris  always  additive;  the  index  error  may  he 

btractive  or  adtlitive  j   the  two  together  form  a  constant  quantity.     The 

ficates  furnidhed  by  the  Kew  Observatory,  for  all  Imro meters  verified 

ere,  include  the  corrections  above  mentioned. 

i  Correcihn  fur  tfjitipendare. — The  barometer  is  always  registered  as  if  the 
Qjieratnro  of  the   meiicury  were  32**   Fahr,     If   the  tcmperatum   of  the 
inercurj^  he  above  this,  the  metjd  expands,  and  reads  higher  than  it  w^ould  dr* 
at  32".     The  amount  of  expansion  of  mercury  is   *006l001  of  its  bulk  for 
each  degree ;   hut  tho  Hnear  expansion  of  the  brass  scale  must  be  also  con- 
sidered. 

^K  Schumacher's  fonnnla  is  used  for  the  correction— viz, , 
^H      h  =  obseived  height  of  kirometer  in  inxjhea 
^V        f  —  tem]ierature  of  attiiched  tliermomet^r  (Fahn), 

^m  m  :«=  expansion  of  mercnry  per  degree — viz.  *0001001  of  its  length  at  32*. 
^B  #=1  linear  expansion  of  scale — viz.  '00001041;  normal  temperatuio 
^H  being  ^'T, 

^^  To  facilitate  the  correction  for  temperature,  tables  are  given  in  Mr  R  11. 
Scott*a  "  Instructions  in  the  Use  of  MeteoroU»gical  Instnmients,"  which  is 
distribut4?d  to  medical  ofHcers. 

Comethttt  fifr  SeaLeiyl. — As  the  mercury  falls  about  ^wm  (*^^1  inch)t 
for  every  foot  of  ascent,  this  amount  midtiplied  by  the  number  of  feet  must 
be  added  to  the  height,  if  the  jtlac^^  be  above  sea  level  J  The  temperature  of 
the  air  has,  however,  also  to  l>o  taken  intt»  account  if  great  accuracy  is 
required. 

'WTien  all  these  corrections  have  been  made,  tlie  exjict  height  of  the 
mercurj^  repi-esents  the  conjoint  weights  of  the  oxygen,  nitnjgen,  CJirlnmic 
acid,  and  watery  vapour  of  the  atmoapbera  It  is  difficult  to  separate  these 
Beveral  weights,  and  tlie  late  obsi^rvatieua,  which  show  that  the  humidity 
eziating  at  any  place  is  merely  lo«2al,  and  that  vajwur  is  most  Tinet|ually  dilTused 
tbrough  the  air,   rc^nder  it  quite  unceitaiii  wdiat  amount  of  the  mercury 

*  Instead  of  muUSitlymg  the  number  on  the  vernier  hy  '(S02,  a  little  practice  will  enahlu  tho 
talcnlation  to  be  maiie  at  once.  On  the  vernier  will  be  aeeu  the  figurea  1,  2,  3,  4.  mid  5  ;  cor- 
re«T>undiiig  to  the  5th,  Krth.  15th,  2iOth,  and  26th  line*,  and  indicating  01,  (>2,  03,  04,  or  *05 
Incu.     E*ch  line  hetweeri  these  nwniliereil  lines  eqnjils  DOS  inclL 

t  The  '*XJM.-t  unioimt  is  a  little  below  this,  but  variea  mih  altitude  ;  at  sea-level  the  jwionnt 
is  -OOOHi^fi  for  *?ver>"  foot  of  ascent.     See  mefisnrcrueiit  of  heights  by  bamiueter. 

t  For  tho  BritLih  Isles,  the  mean  aeadevel  at  Liverpool  had  been  ftelfscWl  \>^  \2l[ic^  Oi^xuk^ca 
Sittrey  aa  their  dAtum. 
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IB  supporteil  hj  tli«  watery  vap>om",  Yt-t  that  this  iias  a  considerable 
ftltering  the  barometric  height,  particularly  in  the  tropica,  seems 
(Herschcl). 

The  height  of  the  baTometer  at  s(^-level  differs  at  cliifeixTit  parts  of  the 
earth's  surface  ;  being  less  at  the  cqimt<:ir  (29 '97 4)  than  od  either  side  at  30* 
I^.  and  S.  lilt,  «ind  lessening  again  towards  the  poles,  especkUy  towards  tho 
eolith,  from  63"  to  74°  S.  lat.,  where  the  depression  is  upwaitls  of  an  inch* 
It  diii'ers  in  ditfenmt  places  also  according  to  their  geogniptdcal  position  and 
their  blight  alio ve  sea-level  Like  the  themiometer,  it  is  subjected  to  diumalj 
and  animal  ]>eriydic  changes  and  to  non-periodic  undulations. 

In  the  trofiias  the  diin^nal  changes  are  very  st^^ady  ;  there  are  two  maxiina 
and  two  minima ;  the  first  maximum  is  about  9  A.M.  ;  the  first  mininnim  about 
3  to  4  p,M,  ;  the  second  maximnm  at  10  i\M. ;  the  secoiul  minimnni  at  4  a,m. 
These  changes  are^  perhaps,  chietly  dependent  on  the  watcTy  vapour  (Herschel). 
In  this  country  the  diurnal  range  is  less ;  it  falls  from  midnight  to  about  4  to 
6;  rises  till  11,  and  falls  again  ttU  4  or  6  :  then  rises  till  midnight  Tlie 
imdulations  depend  on  the  c<mstant3y  shifting  ciurents  of  air,  rendering  the 
total  amount  of  air  over  a  place  heavier  or  lighter.  The  wind  tcntls  to  pass 
towards  the  locality  of  least  liarometric  |)ressure.  In  this  country  the 
barometer  faEs  with  the  south-west  winds ;  rises  witli  the  north  and  east ;  the 
former  arc*  moist  and  warm,  the  latter  dry  and  cold  winda 

The  isolMirometric  lines  are  the  Knea  connecting  places  from  the  same  mean 
annual  height  of  barometer. 

MtMf^nrpmeni  of  He^'tjhts^—Thv  barometer  falls  when  heights  are  ascended, 
as  a  certain  weiglit  of  air  is  left  below  it.  The  diminution  is  not  uniform, 
for  the  higher  the  ascent  the  less  weighty  the  air,  and  a  grt^ater  and  greater 
height  must  be  ascendwl  to  dci>ress  the  barometer  one  inck  This  is  illustrated 
by  the  foUo^dng  table  : — * 
To  lower  from  31 


31 

inches  to  30  =    857  feet  must  be 

ascended* 

30 

29=   SSQ 

i> 

29 

28-   918 

fi 

28 

27-   951 

n 

27 

26=   986 

i> 

26 

25  =  1025 

ft 

25 

24-1068 

f» 

24 

23  =  1113 

ff 

23 

J> 

22-1161 

i* 

23 

St 

21  =  1216 

n 

21 

» 

20=1276 

<if 

20 

» 

19-1341 

i» 

19 

»» 

18-1413 

if 

4 
4 


Tlie  mcasuTemente  of  heights  in  this  way  is  of  great  use  to  medical  ofiic^fs ; 
the  aneroid  Imrometer  can  1h3  used  as  high  as  5000  ft^et,  and  a  dehcate  instru- 
ment will  measnre  as  little  a^  4  feet  The  new  pocket  aneroids  will  meosoi^ 
up  to  12,000  or  14,000  feet 

A  great  immber  of  jdans  are  in  use  for  calcidating  heights.  It  can  Ix?  done 
readily  by  logaritlmis,  but  then  medical  olhcers  may  not  posseas  a  table  of 
logarithms. 

*  The  lifiigbt  can  lie  taken  readily  from  this  tflble,  br  calcnlatinif  the  mmiVr  of  feet  xvhicb 
must  have  twen  aecended  to  caiifl«  the  oliserved  full,  iinJ  tliea  making  a  corret'tion  for  teitipe-n- 
tuTo,  by  multiplying  the  number  obtained  from  thti  tabk.  which  may  ht  called  A^  by  the 
formula  {t  iB  tho  t^smperatuTfi  at  the  low^rj  aini  C  of  the  upper  station)* 
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tie  simplest  rule  of  nD  is  one  derived  from  Liiplacw's  formula.  Mr  Ellis* 
i  lately  slateil  i}m  formiilEi  as  fuMows ; — Jliiltiiily  the  tUlf(?rence  of  the 
ometric  reudingH  by  5*2,400,  and  diriile  by  the  bum  of  the  harometric 
ings.  If  tho  rcisiilt  he  lOOU,  2000,  3000,  40UO,  or  5000,  add  0,  0,  2,  6, 
I,  respectiFely.  Hiihstract  2^  iimm  the  tlijferenee  of  the  teiiipemturtjs  tif 
the  mercury.  Multiply  the  remiiinder  by  ii  number  obtained  l>y  abiding  836 
to  the  simi  of  the  temperatures  of  tlie  air,  and  dividing  by  900.  A  eorreytioa 
muBt  also  be  made  for  ktitiule,  whith  cjin  be  done  by  Talde  HI.  p,  461, 

Tables  such  as  those  given  by  Delcros  and  (jltnianus  are  very  convenient 
for  estinjatiug  heights  by  the  barometer,  A  Udjle  le^  long  than  thewe^  but 
ttaaed  on  the  same  priweiple,  has  been  given  by  Xegretti  ami  Zambni  in  tlteir 
naeful  work,t  and  as  it  is  the  easiest  formula  I  know,  I  have  copied  it. 

A  gtHMi  mercurial  barometer,  \Wth  an  attached  thermometer,  or  an  aneroid 
compensated  for  temperaliu'e,  and  a  thermometer  to  aficeitain  the  temperature 
of  the  air,  are  required.  Two  barometers  and  two  thermometers,  which  can 
►  observed  at  the  same  moment  at  the  npper  and  lower  stations^  anj  de^siralile. 
tSnpposiugi  however,  there  is  but  one  barometer,  take  the  height  at  the 


Table  h — Approxirmde  Eeighi  due  to  Baromeirie  Pressttre, 

1 

IfiChM  of 

Feet           1 

loeliei  of 
Eartiinetflr. 

Fe«t. 

Inches  of 

Feet. 

31-0 

0 

27-3 

3,323 

23*6 

7,131 

aO'9 

84 

*2 

3,419 

5 

7,242 

■1 

im 

*1 

3.515 

'4 

7,363 

Hi 

254 

27*0 

8,612 

*3 

7,465 

■1 

3S9 

26-9 

3,709 

^2 

7,577 

n 

425 

'8 

3,806 

-1 

7,690 

•4 

511 

7 

3,904 

23  0 

7,803 

•s 

597 

■6 

4,002 

22-9 

7,917 

'2 

683        > 

■6 

4,100 

•8 

8,032 

•1 

770 

*4 

4,199 

7 

8,147 

30-0 

857 

•s 

4,298 

•6 

8,262 

29  9 

944 

^ 

4,396 

*5 

8,878 

*8 

1,032 

•1 

4,498 

*4 

8,495 

•7 

1,12«> 

26*0 

4,588 

'3 

8,612 

'6 

1/208 

25 '9 

4,C!99 

*2 

8,729 

•5 

l/29e 

•8 

4,800 

'1       1 

8,847 

•4 

1,385 

•7 

4,902 

22*0 

8,966 

'8 

1.474 

-6 

5,004 

2r9 

9,085 

.2 

1,563 

'6 

5,106 

*8 

9,205 

•1 

1,653 

*4 

5,209 

7 

9,325 

29-0 

1,743 

•3 

5,312 

•6 

9-446 

28-9 

1,833 

'2 

5,415 

'^'       , 

9,567 

^m 

'8 

l,f»24 

*1 

5^619 

4 

9,689 

^m. 

-7 

2,015 

25  0 

6,623 

•3 

9,811 

B^  ** 

2,100 

24*9 

5,728 

•2 

9,934 

^B  '<^ 

2,198 

•8 

5,833 

*1 

10,063 

■V   -4 

2,290 

•7 

5,039 

21 '0 

10,182 

'3 

2,382 

•6 

6,045 

20*9 

10,307 

^B' 

•2 

2,475 

•6 

6,152 

•8 

10,432 

•1 

2,568 

•4 

6,259 

7 

10,558 

28-0 

2,661 

■3 

6/dm 

■6 

10.684 

^_ 

27-0 

2754 

2 

6,474 

*5 

10,812 

■ 

•8 

2,848 

■1 

6,582 

*4 

10,940 

■ 

*7 

2,942 

24-0 

6,ft01 

*3 

11,069 

■ 

•« 

3.oa7 

23-9 

e,aoo 

■2 

11,198 

■ 

•fi      1 

3,132 

'8 

6,910 

•1        II 

11,828 

27  4 

3,227 

237       , 

7,020 

20-0 

11,458 

•  Prooeedinga  of  Royal  Society,  1865,  No.  75,  p,  283. 

f  A  TreMtise  on  Meieorohgical  ImtrmiwuiSf  by  Negretti  and  Xaia\jr&|  \'&^\. 
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lower  station,  mid  com^ct  for  t(^mpRrature  to  32*,  acconling  to  tlie  table 
at  page  425,     Take  the  temperature  of  the  air.     Ascend  m  rapidly  as  possible 
to  tbo  Tipper  station,  and  take  the  height  of  the  barometer  {eoiTecting  it  to 
32")  and  the  t'eniperatiire  of  the  air ;  then  use  the  following  tables,  taken  from 
Negrotti  ami  Zambra'a  work.     If  the  height  Ls  les3  tliao  300  feet,  Tables  IX 
in.,  and  IV.  nt?ed  not  be  used. 

"Table  I,  ia  calculated  from  the  foniuikj  height  in  feet  =  60, 200   (logi 
2D '92 2 — log.  ^)  +  925;    where  29*D22  i8  the  mean  atmospheric  pressure  al 
32*  Fahr,,  and  tit  the  mean  soa  level  in  latitude  45"" ;  and   //  ia  any  other 
barometric  pressm-e  ]  the  925  heitig  added  to  a%'uid  mimis  signs  in  tlie  table. 

"  Table  XL  contains  the  correetion  necessary  for  the  mean  temj>eratiire 
the  stratum  of  air  betw*een  the  stations  of  observation ;  and  is  eomi>Ete<i  fro; 
Ilegnault's  co-etfiiueut  fi>r  the  expansion  of  air,  which  is  -002036  of  its  volumo 
at  32"  for  each  degi'ee  above  that  t^imiperature. 

Table,  II L  is  the  correction  due  to  the  difference  of  gravitation  in  any 
other  latitude,  and  is  found  from  the  formula^  .r  =  1  4-  00265  coa  2  lat 

**  Table  IV.  is  to  correct  for  the  diminution  of  gravity  in  ascending  from 
the  seadeveL 

**  To  ujae  these  tables :  The  barometer  readings  at  the  upper  and  lowepi 
statifms  having  been  corrected  an<l  reduced  to  temiwrature  32"*  Fahr.,  tako 
out  from  Table  L  the  immben?  oppossite  the  corrected  reatlings  of  the  two 
barometers,  and  subtract  the  lower  from  the  upper.     Multii«ly  this  diHert^i 
successively  by  the  factors  found  in  Tables  IL  and  IlL     Tlie  factor  frou 
Table  IlL  may  be  neglected  unless  precision  is  desired-     Finally,  add 
correction  taken  from  Table  IV."     (Negretti  and  Zambni.) 

In  the  table  the  barometer  is  only  read  to  lOths,  but  it  should  be  read  to 
lOOtha  ('01}  and  lOOOtlis  {<J01),  and  the  number  of  feet  corresijonding  to 
these  amounts  calculated  from  the  table,  wliich  ia  easy  enotigK 

Taule  IL — Corredion  dm  to  Mtym  Temperature  of  (he  Air;  the  Tempera 
ture  of  tilt  Upper  and  Lower  Stathm  heimj  added  and  dkmkd  hy  2- 


n 

I 


two       J 

thsM 


M  ein  Ttsmp, 

Fftotor. 

tfoAn  Temp, 

Fwtor.         ' 

Menu  Temp. 

Factor. 

10' 

0*965 

36'        i 

1-006 

60* 

1057 

U 

-957 

36 

roo8 

61 

1-059 

12 

-959 

37 

1*010 

62 

1-061 

IS 

•961 

38 

101 2 

63 

1-063 

11 

•963 

39 

1014 

64 

1-065 

15 

•965 

40 

1016 

65 

1-067 

18 

•967 

41 

1*018 

66 

li>69 

17 

•969 

42 

1  020 

67 

1-071 

18 

^971 

43 

1-022 

68 

1-073 

10 

•974 

44 

1  024 

69 

1-076 

20 

•976 

45 

1-026 

70 

1  -077 

21 

'978 

46 

r029 

71 

1-079 

22 

•980 

47 

1"031 

72 

1-081 

,     23 

•982 

48 

1-03S 

73 

1*083 

24 

-984 

49 

1-035         ' 

74 

1-086 

25 

-986 

60 

1-037 

75 

1-088 

26 

•988 

61 

1-039         j 

76 

1-090 

27 

'990 

52 

1  -041         ' 

77 

1-092 

28 

-992 

53 

1  043 

78 

1-094 

29 

-994 

54 

1  045 

79 

1-096 

30 

^96 

55 

1D47 

80 

1098 

81 

0^98 

56 

1-049 

81 

1-100 

32 

1-000 

67 

T061 

82 

1*102 

S3 

1-002 

58 

1-063 

83 

riu4 

34 

1-004 

59 

1-065 

84 

1-106 
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Table  TTT, — Coiredion  due  to  Difference  of  Gravitation  m  iUffermt 

Latitudeif. 


Ltttlttide* 

PiM:ti>r. 

LftUiudii. 

Fftctur.        1 

ijiUttide. 

FACtor. 

80' 

0*99751 

60' 

0^09054 

20' 

1 '00203 

76 

0-^*770 

45 

1^00000 

15 

1*00230 

70 

0U9797 

40 

1  00046 

10 

1  ljO-249 

dS 

0*99880 

85 

1*00090 

5 

1*00:261 

60 

0'99S68 

30 

1'001S3 

0 

r002fl5 

55 

0*99910 

25 

1*00170 

Table  IT. 


HrlKht  In 

OUTCCtlTfi 

HelgM  in 

C^iTMrtlve 

TlKmsttnd  Feet. 

Addltlfe, 

ThDusaud  Fe«t. 

Additive. 

1 

3 

9 

26 

2 

5 

10 

30 

8 

8 

11 

33 

4 

11 

12 

87 

6 

14 

15 

41 

6 

17 

14 

44 

7 

20 

15 

48 

8 

23 

npie.—Ai  two  Btationa  tlie  barometer  rend  re«pectivel]r29'9  nud  21  •2,  the  tempem- 
I  ot  the  itir  being  60"  and  40''. 

BiLrometer  at  upper  station,         «        .     21  *2,  Table  I. 

,,         lower      I,  -        ,     29*9,       ,, 

Approidniate  m<^an  h eighty 
Mean  temjiorfltnre  50*^  Table  IL,  Factor 
Heif^bt  con-ecti?ci  for  tempt  mture, 
Lutitude  (say)  30",  Table  111.,  Factor  . 
Height  corrtjcted  for  latitude, 
Coniectlou  from  Table  IV*  . 
Height  corrected  for  direct  altitude,     . 
Hifight  of  lovviT  station  above  seti-level  (any), 
Final  corrected  height  of  upper  atattoii  above  i 


level. 


9,934 
944 
8,990 
1-037 
9,328 

room 

9,8S5 

26 

9.301 

150 

9,611 


Wmtjht  of  the  Air, — The  baroHieter  cxpreasea  the  weight  of  the  air  in 
inches  of  inercury.  Tho  actual  weight  can  be  detemuned  if  the  rcsading  of 
the  baroinet(jr^  t<3mperatim>,  and  humidity  are  all  knowiL 

The  weight  of  a  cubic  foot  of  dry  air  at  32'  Falin,  and  normal  pre-sstire,  is 
566*85  graina  For  any  other  t*?iu])erature  the  wei^'ht  can  \m  caleulateiL 
Multiidj"  the  co-elBcieut  of  the  *3X]iHnsion  of  air  (viz.,  '0020361  f<ir  V  Fahr.) 
by  the  mimbcr  of  dt  |^.'f^  above  32,  the  sum  added  to  unity  will  pve  the 
Tolunie  of  a  cubic  foot  of  iliy  air  at  that  teniperatiuu  Divide  566 '85  by  tho 
attmber  bo  obtained.  The  result  ia  the  weight  of  the  dry  air  at  the  given 
taiqieiatiiie. 

SECTION"  YV. 

RAIN. 

Itain  ifi  estimated  in  inches ;  that  ib,  tho  fall  of  an  innh  of  rain  implies 
that  on  any  given  area,  say  a  square  inch  of  surface,  rain  has  fallen  equal  to 
one  inch  in  depth.  The  amount  of  rain  ia  determined  by  a  lain-gauge.  Two 
gauges  are  supplied  for  militaiy  stationB ;   one  placed  qu  tiofi  ^£CoxiXi&^  OTi<i&  ^^ 
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fflco  ill  this  cciuntry  has  been  estimated  at  from  20  to  24  inclies ;  in  the 
tropiuiil  aenii  it  Las  been  estimated  at  from  80  to  130^  or  oven  more  inchesi 
In  the  Iniiian  (jcean  it  hius  been  estimatt!*!  at  as  much  as  an  inch  in  twenty- 
four  hours,  or  365  in  the  year,  an  ahnost  incredible  amount  No  doubt, 
however,  tho  quantity  is  very  grt;at» 

It  rec|uires  iin  etibrt  of  imagination  to  realise  the  immense  distillation  wlii 
goes  on  frojE  the  tropiad  seas.     Take  merely  60  inchi^s  as  the  annual  disti 
tion,  and  rtickttu  this  in  feet  iiii^t+'ad  of  inches,  and  thtm  prciceed  to  calci 
the  weight  of  the  water  rising  annmilly  from  such  a  smull  space  aa  the 
of  Bengal.     The  amount  is  almost  incredible. 

Thie  distillation  of  water  serves  many  great  purposea ;  mixing  with  the  air 
it  is  a  vast  motive  power,  for  its  specific  gravity  is  very  low  (-6235,  air  being 
1),  and  it  causes  an  enlargement  of  the  volume  of  air;   the  moist   air  ib 
tberefore  much  lighter,  and  ascends  with  gi-eat  rapidity  ;  the  distiUation  also 
causes  tin  imiuensse  transference  of  beat  from  the  tropica,  where  the  evapo: 
tion  renders  Jiiteiit  a  great  amount  of  heat,  to  the  extra-tropical  region  wh 
this  vapour  falls  as  rain,  and  consequently  parts  with  its  latent  heat, 
evaporation  also  has  been  supposed  to  he  a  great  clause  of  the  ocean  ctirreni 
(Maury),  whieli   play  so  imj>ortant  a  j>art   in   the  distribution   of   windfl) 
moiature,  and  w^anntL 

For  |ihysicians  th«  amount  of  evaporation  is  a  very  ]mj:>ortant  point, 
merely  as  influencing  the  moisture  of  the  air  abstractedly,  but  as  aifecti 
the  evaporation  from  the  skin  and  lungs.  The  evapomting  jxiwer  of  the  air 
is  inverstdy  to  its  relative  humidity  in  a  still  aii' ;  it  is  of  course  induenced 
by  winds  and  their  temp4iratm"e,  and  the  vessels  and  the  nerves  of  the  skin 
are  then  afl'ecied,  and  evaptimtiun  may  be  accelerated  by  the  physical  contli- 
tiong  of  motion  and  warmtlj,  or  may  be  lessened  by  the  physiological  actiun 
of  the  wind.     The  problem  is  thu^  a  complicated  one,     (See  Climate.) 
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Direct hn.-^YoT  ddtanniiUBg  the  direction  of  the  wind  a  vane  is  necessary. 
It  should  be  placeil  in  such  a  position  as  to  be  able  to  feel  the  influence  of 
the  wind  on  ail  sides,  and  not  be  subjected  to  eddies  by  the  vicinity  of  build- 
ings, trees,  or  hills.  The  }x»iuts  must  be  lixed  by  the  compass;  the  magnetic 
declination  being  tiiken  into  account ;  the  declination  of  the  i»)ace  must  be 
obtained  from  the  nearest  Observatory;  in  this  country  it  is  now  altout  21° 
(or  two  points)  to  the  westward  of  true  north.*  The  direction  of  the  wind 
is  regis tertnl  twice  daOy  in  the  army  retmiis,  but  any  unusual  shifting  should 
receive  a  special  note.  The  course  of  tbe  wind  is  not  always  pandltd  with  the 
eailh;  it  sometimes  blows  slightly  downwards^  eontrivanL'es  have  been 
employed  to  me^isure  this,  but  the  matter  does  not  seem  importrtut. 

Various  plans  are  resorted  to  for  giving  a  complete  summary  of  the  winda, 
but  these  are  not  required  from  the  medical  oflicer. 

Velocity. — A  small  Kobinson's  anenmnieter  is  now  supplied  to  each  station ; 
it  is  read  every  twenty-four  hours,  and  marks  the  horizontal  movement  in  the 
preceding  twenty-fonr  horns. 

This  anemomettir  usually  consists  of  four  anudl  cup8,t  fixed  on  horizontal 
axe«  of  such  a  length  (IT 2  feet  between  two  cups),  that  the  centre  of  a  cup, 

*  Thus  N.  magQetlG  will  be  N.N.W.  true,  3.  magDetic  S.S.E.  true^  and  m  on. 
t  The  cuirent  of  air  ia  oppoted  une-fourtli  more  by  a  concave  lurface  iliaa  by  a  oonvax  i 
the  tame  aiis. 
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•with  mobturp^  me€t  in  equal  volume,  the  temij^rature  will  be  the  mean  of  the 
two,  hut  the  amount  of  vapour  Avhit^li  will  be  kept  invbibie  is  leas  than  the 
mean,  and  Bouie  vapour  thiTefure  necessarily  falls  aa  fog  or  rtiin.  Thus  one 
an-lurat^il  f  iintnt  being  at  40^  and  the  other  at  60',  the  resultant  temjifi-iiture 
^11  be  bO\  but  the  amount  of  invisible  vapour  "\nll  not  be  the  mmm,  viz,, 
4*31»%  but  41  ;  an  amount  equal  t>  *215  \nll  ther*?fore  be  depysited, 

Kjiin  m  therefore  owing  to  th»  cooling  of  a  saturated  air,  and  ntin  is  heaviest 
uinb-T  the  following  eonditiona^ — when  the  temperatiu'e  lieing  high,  and  the 
'  M  »unt  of  vapour  large,  the  hot  and  moiat  air  soon  encounters  a  tujld  air. 
.1  -e  conditions  are  chiedy  met  with  in  the  tropics,  when  the  hot  iur,  saturated 
"with  vapoiu",  iinpingea  on  a  clxaiii  of  lofty  hills  over  which  the  air  is  cold. 
The  fall  Ujay  be  130  to  160  inches,  as  on  the  Malabar  cotist  of  India,  or  180 
to  1120  in  Southern  Eurmah,  or  600  at  Chcrm]TOOiijeL%  in  the  KhjiJiyah  Hills. 
Kven  in  t*ur  u\yn  country  the  hot  air  from  the  GuM  Stream  impinging  on  the 
Comberland  Hills  cauaes,  in  somt)  difitricts  a  fall  of  BO,  100,  and  even  130 
inches  in  the  year. 

The  niinfjill  in  different  places  is  remarkably  irregular  from  year  to  year ; 
thu:*  at  Bi>mbay  the  mean  being  76,  in  1822  no  less  than  112  inches,  while 
in  1824  only  34  inches  feU. 

The  amount  of  rain  in  the  diilcrent  foreign  stations  is  given  under  tiio 
l«epectivo  headings. 
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SECTION  V, 
EVAPOEATION. 


The  amount  of  evaporation  from  a  given  moist  surface  is  a  problem  of  great 
interest,  but  it  is  not  ea^sy  to  determine  it  ex])eriinontally,  and  no  in^trimient 
is  issued  by  the  Anny  Medical  Departnie/it.  A  shallow  vet*sel  of  kno^\Ti 
aren,  protected  ronntl  the  rim  by  wire  t<.>  prevent  birtk  fruin  drinking,  is  tilled 

I  with  a  known  quantity  of  water,  and  then,  weekly  or  monthly,  the  diminutioti 
«f  the  water  is  determined,  the  amount  of  adilitinn  by  rain  being  at  the  sama 
|time  determined  by  a  rain-gauge.  This  plan  tikes  no  notice  of  dew,  and  lb 
ilot  regarded  as  satisfactory* 
Another  plan  is  placing  water  under  a  cover,  which  mtiy  protect  it  from  ndn 
^nd  dew,  and  yet  permit  evaporation^  and  weighing  the  lf*ss  daily.  It  is 
difficidt,  however,  to  insure  that  the  evapomtion  shall  be  etjual  to  that  under 
the  free  heavens, 
m,  A  thinl  phin  i»  calcuLiting  the  rate  of  evaporation  from  the  depression  of 
■P  ttie  wet^bulb  thenn<imet*'r^  by  deduLting  the  elastic  force  of  vapmr  at  the 
'^  dew-f>oint  t^imprature  from  the  eltistic  force  at  the  air  tenipuratim',  and  taking 
the  dili'erence  as  expressing  the  evaporation.  This  ditference  exju-esse-s  the 
^■iorce  of  escape  of  vapour  from  the  moiint  surface. 

^B  Instruments  termed  Atmometers  have  been  u^ntl  for  this  purpose ;  the  first 
^Vwas  invented  by  Ivcalie.  A  ball  of  proiis  earthenware  was  fixed  to  a  glass 
^P  tube,  with  divisions,  each  corresponding  to  an  amount  of  water  which  would 
~  cover  the  surface  of  the  ball  with  a  film  e<jual  to  the  thickness  of  T-n^gij*^  P'^^*' 
of  an  inch.  Tlie  evapcjratlon  from  the  surface  of  the  hall  was  then  read  off. 
l>r  Babingtrm  has  also  invented  an  ingenious  **  Atmidomcter,"* 

Hie  amount  of  evaporation  is  inlluenced  by  temperature,  wind,  luimidity 
of  the  air,  rarefaction  of  the  air,  degree  of  exposure  or  shading,  and   hy  the 
nature  of  the  moist  surface ;  it  is  greater  from  moist  soU  than  from  water. 
The  amonnt  of  Tapour  annualljr  riding  from  each  square  inch  of  water  sur~ 
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ill  revolving  a  circle,  paaaea  over  -j-^nr*'^  ^^  ^  mile,  the  circle  being  3*52  foet 
Theae  cups  revolve  with  a  third  r»f  the  wincl*s  velocity ;  500  revolutions  of 
the  cu|*g!  therefore  indicHite  one  tnila  By  an  arrangement  of  wheels,  tlie 
nnmlMT  of  mile*  tmver&ed  by  the  cups  in  any  given  time  is  regiatered, 

OsWs  anemometc^r  is  a  large  and  very  beautiful  instrument.  *  It  registers 
at  the  same  time  on  a  piecje  of  paper  fitted  on  a  drum,  wliich  turns  with 
clockwork,  direction,  velocity,  and  presgure. 

Other  anemometers,  Liiid's,  WheweU'B,  Arc,  need  not  be  described. 

The  average  velocity  of  winrl  in  this  country  on  the  surface  of  the  earth  is 
from  BIX  to  eight  miles  per  hour ;  its  range  is  from  zero  to  60  or  even  70 
miles  per  hour,  hut  this  last  ia  very  rare  ;  it  is  seldom  more.,  even  in  heavy 
winds,  than  35  to  45  miles  per  hour.  In  the  hurricanes  of  the  Indian  and 
China  seam  it  m  said  tc»  reach  100  to  110  miles  per  hour. 

F&ree, — The  force  of  the  wind  is  reckoned  as  ei|!ial  to  bo  many  pounds  or 
parts  of  a  pound  on  a  square  foot  of  surfj^^.  Osier's  anemometer  registeia 
tbe  force  as  well  as  the  velocity  and  direction,  but  Robinson's  (used  in  the 
army)  only  marks  the  velocity ;  the  force  must  then  Ih*  calculated.  The  rule 
for  the  calcidation  of  the  force  from  the  velocity  is  as  follows  : — 

Ascertain  the  velocity  for  one  hour  by  observing  the  velocity  for  a  minute, 
and  multiplying  by  60 ;  then  square  the  hour  velocity  and  multiply  by  *005, 
The  rt\^idt  is  the  pressure  in  pounds  or  imrts  of  a  pound  per  square  foot. 

The  formula  i^,  if  Y  =  velocity  per  hour, 

V2  X   '005  =R 

If  the  force  be  given^  the  velocity  may  be  found  : 

^200  P-V. 

"Ulien  no  anemometer  is  iu  U5e,  the  Bnniifort  scab  may  be  employed,  0  = 
calm,  about  3  miles  an  hour, — ^and  12  =  hurricane,  90  miles  and  over. 


SECTION  VIL 
CLOUDS  (Plate  IX.) 

The  nomenclature  proposed  by  Howard*  is  now  universally  adopted* 
There  are  three  principal  forma  and  foiu^  modifications. 

Principal  Farms, 

Cirrtt)*, — Thin  filaments,  which  by  amociation  farm  a  bnislu  or  woolly  hair, 
or  a  slender  net- work.  They  are  very  high  in  the  atmosphere,  probably  more 
than  ten  mUes,  but  the  exact  height  is  unknown.  It  has  even  been  questioned 
whether  they  are  composed  of  water ;  if  so,  it  must  be  frozen.  In  tlus  climate 
they  come  from  the  north- we^t 

Carnuituf.^  Hemispherical  or  corneal  heaps  like  mountains  rising  from  a 
horizontal  base  ;  cumuli  ai'c  often  corapan'd  to  halls  of  cotton* 

Stratws. — A  widely-extended,  continuous  horizontal  sheet,  often  forming  at 
sunset 

Modijicaiions* 

Cirro-eumuhis. — Small  rounded,  welKk fined  masses,  in  close,  horizon tid 

arrangement ;  when  the  sky  is  covered  with  such  clouds  it  is  said  to  be  fieecy. 

Oirrthdmius, — Horiiontal  strata  or  masses,  moi-e  compact  than  the  cirri ;  at 


*  Oiaiate  of  Londaa. 
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the  zenith  they  seem  compfis«d  of  a  uumbL*r  of  thin  clouds ;  at  the  honzou 
tliPY  look  like  a  lont<  n arret w  hunil. 

Cumtdo-,4rutns, — CiiTo-stratua  lihinded  with  the  cumulus. 

CHmulo-cirro'^iratft^j  A^imha^^  or  BftfH-clomL—A  liomontal  sheet  abo| 
which  the  cinus  »f>Tt^ad&,  while  the  cumulus  enters  it  laturally  or  from  belot 

C*f  the  above  foniis  Nos*  1,  2,  *fe  3  of  the  plate  (copied  by  permiBsion  " 
JFr  Scott  tt  **  lustructiona  "}  are  **  upper  "  clouds  i   the  others  are  '*  lowef 
cliHids,     To  those  dt^cribed  is  added  the  form  fiho^«^l  in  No.   5,  riz., 
rumuftts^  which  consist-s  of  portions  of  cumulus  rolled  into  a  cylindrical  sbiip 
ami  eitlier  separate  or  ]iackcd  together,  iis  t>hoi^ni  in  the  plate.     Alongside 
names  in  the  i>lates  lu'e  contriietioiiis,  which  ought  to  be  used  in  des<^riptioji*.j 

Estirnaiiim  of  Aitiount  of  Cloud. — This  i^done  by  a  system  of  numbifra- 
expresses  a  cloudless  sky»  10a  perfectly  clouded  sky,  the  iiitermediiite  um 
bers  Viirious  degrees  of  cloudiness.     To  get   these  numbers,  look    nnd\ 
between  thehoriaon  and  zenith,  and  then  turn  slowly  round,  and  jiid^'e  as  w 
aB  can  he  doue  of  the  relative  amount  of  clear  and  clouded  sky.     This  is  1 
be  entei'ed  without  reference  to  the  thickness  of  the  cloud  :  the  latter  nmy 
indicated  by  an  exponent  applied  to  the  %ure  for  the  amount  of  cloud  i 
slight,  2  great). 

SECTION  YIII. 
OZONE.^ 

The  nature  of  ozone  has  been  already  referred  to  (p,  442). 

Pajjers  covered  with  a  composition  of  iodide  of  potassium  and  stjircli,^ 
exposed  to  the  air,  are  supposed  to  indicate  the  amount  of  ozone  present 
the  atmosphere.     Schonbein,  the  discuverer  of  ozone,  originally  prepared  &m 
papers,  and  gave  a  scale  by  which  the  de^ith  of  blue  tint  w*as  estimated.     Sul 
sequently  similar  but  more  sensitive  papers  were  jm-pared  by  Dr  MutiVit^  and 
lately  Mr  Lowe  has  improved  MoU'at's  i>apei*s,  and  has  also  piviisu-inl  some 
ozone  powiieiu 

The  papers  are  exposed  for  a  definite  time  tcj  the  air,  if  possible  with 
exclusion  of  light,  and  the  alteration  of  colour  is  compared  with  a  scale, 

fcjchonbein's  pro^Mjrlions  are — 1  part  of  pure  iodide  of  potassium,  10  pai 
etarch,  and  200  parts  of  water.     Lowe's  proj>ortion  ia  1  part  of  iodide  to 
of  starch  ;   Mollat's  proportion  is  1  to  21.     The  starch  should  be  dissolved 
c«dd  water,  and  tilti/red  so  that  a  clejir  solution  is  obt^iined ;  the  iodide  is 
solved  in  another  portion  of  water,  and  is  gradually  added.     Both  must  be 
perfectly  pure  ;  the  best  arrowToot  should  1^  used  for  starch. 

The  i>aper  prepared  by  being  cut  into  slips  (so  as  to  dry  quicker  and  t^H 
avoid  loss  of  the  powder  in  cutting)  and  soaked  in  distilled  w^ater,  is  pluca^B 
in  the  mixed  iodiile  and  starch  for  four  or  five  hours,  then  removed  xrith  n 
pair  of  pincers,  and  slowly  dried  in  a  cool  dark  place^  in  a  hurizonlal  position. 
The  last  point  is  importiuit,  as  otherwise  a  large  amount  nf  the  iodide  dnui 
down  to  one  end  of  the  paper,  and  it  is  not  equally  difi'uscd.     The  pipej 
when  used  should  hang  loose  in  a  j^lace  protecti^d  from  the  sun  and  rain 
box  is  unnecessary  ;   they  should  not  be  t-ouched  more  than  can  be  hel 
with  the  fingers  when  they  ore  adjusted. 

When  8chonbein*s  papera  axe  used  they  are  moistened  with  'water  after 
posirn^,  but  before  the  tint  is  tiikeu.     ^lotf'at  s  papers  are  pn:'|»ared  somew; 

•  For  a  full  account  of  the  testa  ftjr  ozone,  me  Dr  Fo3C*8  work  on  OioDe  md  Antozouf,  \%7l 
aXtmdkY  rcfcrrefl  to.  AJter  tliscnswing  aU  the  tesb*,  be  givet  the  preference  to  the  ioUU)«  pj* 
He  Ima  djoI  fouud  S^liuubciii^s  Lbjdlium  metliod  aatifificiary. 
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similarly  to  Schtinbein's,  but  do  not  roquire  moistening  with  water*    Mr  Lowe 
liiis  lately  prepirud  mmQ  very  sensitivo  papers  which  give  very  unifomi  rt*8ults. 
Thf^  rstiniation  of  ozones  is  still  in  a  vuiy  unsatisfactory  etato,  and  this  ariai'S 
from  two  circumstoncee. 

1,  The  fact  that  other  siibstancea  besides  ozone  act  on  the  ioflide  of 
pt>ta8siQinj  e^pt^cialiy  niti-ous  acid,  which  is  formed  in  some  qu.iJitity  during 
el<-*ctrical  storms.  Clc*ez  has  shown  that  air  tiiken  alxjut  our  metre  alx>ve  the 
ground  often  contaius  nitroua  acid  in  sufhcient  quantity  U)  redden  Htnius. 
Starch  and  iodide  pai)er  is  culuured  when  air  cont^iins  '00005  of  it«  volume  of 
nitrous  acid. 

2.  The  fact  that  the  papers  (?an  scarcely  be  put  under  the  same  conditions 
from  day  to  day ;  ligh^  wind,  humidity,  and  temperature  (by  expelling  the 
free  iodine)  all  atfect  the  reaction. 

Chemical  objections  have  ako  been  made.*  SupiM)«ing  that  iodine  is  set 
&ee  by  ozone,  a  pc*rtion  of  it  is  at  once  changed  by  adilitional  ozone  into 
iodoasone^  which  is  extremely  volatile  at  ordintiry  t-eraperatun?s,  and  is  also 
(hanged  by  contact  with  water  into  free  iodine  and  iodic  acid*  Hence  a  por- 
tion of  the  iodine  originally  set  free  never  acts  on  the  starchy  being  either 
volatilised  or  oxidisc^d.  Again,  the  iodine  and  caustic  potash  set  free  by  the 
ozone  combine  in  part  again,  and  form  icwiate  and  iodide  of  potasaimn  (Jth  of 
the  former  and  Jths  of  the  lattc^r),  and  io  this  way  the  blue  colour 
of  iodide  of  starch  first  produced  may  he  removed.  Tlie  ozone  may 
|x»ssihly,  and  probably,  act  on  and  oxidise  the  starch  itself,  and  hence  another 
error. 

The  conclusion  arrived  at  by  the  Vienna  oongreBs  was  the  following: 
'*  llie  existing  methods  of  determining  the  amount  of  ozone  in  the  atmosphere 
are  insutficient,  and  the  congress  therefore  recommends  investigations  for  the 
diaoovery  of  better  methods," 

SECTION  IX. 

ELECTRICITY. 

The  instrument  used  by  meteorologists  are  simple  electaro8GOpe%  with  two 
golddeaf  pieces  which  diverge  when  excrifeed,  or  dri^  galvanic  piles  acting  on 
golddeaf  pliites  or  an  index  attached  to  a  Loyden  jar  (Thomson's  Electrometer). 
For  further  details  see  Scott's  **  Instructions,"  op.  cit 


SECTION  X. 
THERMOMETER  STAND, 

A  stand  is  issued  by  tlie  War-office,  and  will  \m  prt.>vid*?d  at  every  station. 
Or  it  would  be  very  easy  to  make  a  stand  by  two  or  three  strata  of  boards, 
placed  about  6  inches  aparU  so  as  to  form  a  kind  of  sluping  roof  over  the  ther 
mometi^ra,  which  are  suspended  on  a  vertical  boant 

The  dry  and  wet  bulb  tht*rmometers  are  placed  in  the  centre :  the  maximmn 
on  the  ri^^ht  aide,  and  the  minimum  on  the  left  The  wood  should  bo  cut 
away  liehind  the  bulbs  of  the  maximum  and  minimum  thermometers,  st>  as  to 
expose  them  freely  to  the  air.  The  bulbs  «pf  the  dry  and  wet  bulbs  should 
al«o  fall  below  the  board.  In  the  regular  stonds,  the  pole  \r  made  to  rotate, 
so  as  to  turn  the  roof  always  to  the  sum 

A  mu(!h  lietter  stand  is  Stevenson'fl  acieen,  ft  aqilftre  or  oblong  box,  with 

*  Beitrige  sur  Osooonetrie,  tod  Dr  t.  Manch  ;  Arcfaiv.  fui  Wias.  Hellk.  buiKi.  IL  p.  129. 
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louvred  sides  and  open  below.     This  is  Taised  upon  legs  four  feet  from  the 
ground,  placed  upon  gnas.     (See  Scott's  '^  Instructions,  "  fig.  10,  p.  41.). 

SECTION  XL 
WEATHER. 

In  registering  the  kind  of  weather  it  is  well  to  adhere  to  the  Beaofort  nota- 
tion and  symbols,  which  aie  carefully  explained  in  Scott's  *^  In8tractioD&'' 
Columns  are  gi^en  in  the  return  to  be  filled  up  in  this  way. 

SECTION  XIL 

DISEASES  AND  VARIATIONS  IN  THE  METEOROLOGICAL 
ELEMENTS. 

The  variation  in  the  prevalence  of  different  diseases  at  a  particular  place, 
in  connection  with  the  simultaneous  variation  of  meteorological  elements,  is 
an  old  inquiry  which  has  at  present  led  to  few  results.  The  reason  of  this  is, 
that  the  meteorological  elements  are  only  a  few  out  of  a  great  many  causes 
affecting  the  prevalence  and  severity  of  diseases.  Consequently,  in  order  to 
estimate  the  real  value  of  changes  of  temperature,  pressure,  humidity,  orone, 
&c.,  the  other  causes  of  disease,  or  of  variations  in  prevalence  or  intensity, 
must  be  recognised  and  eliminated  from  the  inquiry.  The  best  of  the  late  ob- 
servations are  those  by  Guy,  Ransome,  Vernon,  Moffat,  Tripe,  Scoresby- 
Jackson,  and  Ballard.*  The  observations  of  the  last-named  observer  are  very 
elaborate  and  careful,  but  I  hesitate  to  cite  them  as  certain  until  they  are  con- 
firmed. They  indicate  a  rise  in  the  amount  of  sickness  with  a  rise  in  tempera- 
ture, but  that  certain  supplementary  meteorological  conditions  (such  as  the 
temperature  of  the  night,  the  daily  range,  variations  in  humidity,  rainfall, 
direction  of  wind),  all  affect  the  result.  The  amount  of  previous  change  in 
the  amount  of  sickness  also  influences,  and  in  fact  it  is  evident  that  the 
problem  is  in  a  high  degree  complicated. 

*  Medico-Chinugical  Transactions,  voL  i.  p.  50. 
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Tma  suliject  is  an  extremely  large  one,  and  the  object  of  tliis  book  does  not 
allow  me  to  discuss  it  It  would  require  a  volume  to  itaelf.  I  can  merely 
hero  make  a  few  very  general  remiirkij.  The  application  of  general  hygienic 
rules  to  a  particidar  case  constitutea  individual  management 

It  is  imiKKsaible  to  make  general  rulee  sufficiently  elastic,  and  yet  preciao 
enough,  to  meet  every  possible  case.  It  ifl  sufficient  if  they  contain  principles 
and  precepts  which  can  be  applied*  While  individual  hygiene  should  be  a 
matter  of  study  to  aU  of  ua,  it  is  by  no  means  deairable  to  pay  a  constant  or 
minute  attention  to  one's  own  health.  Such  care  will  defeat  ita  object  We 
should  only  exercise  that  i^aaonable  care,  thoughtj  and  pradence  which,  in  a 
matter  of  such  moment,  every  one  is  boimd  to  take. 

Every  man,  for  example,  who  considers  the  subject  hondfide^  is  the  best 
jndge  of  the  exact  diet  which  suits  him.  If  he  understands  the  general  prin- 
ciples of  diet,  and  remembera  the  Hip|)OcnLtic  rule,  that  the  amount  of  food 
and  exercise  must  bo  balanced,  and  that  evE  rosulte  fi-om  excess  of  eitlier,  he 
is  hardly  likely  to  go  wrong. 

*'  Temperance  and  exorcise,"  was  the  old  rule  kid  down,  even  before 
Hippocrates,*  as  containing  the  eaeenoe  of  hedth  ;  and  if  we  translate  temper- 
ance by  **  sufficient  food  for  wants,  but  not  for  luxuries,"  we  shall  expresa 
the  present  doctrine. 

The  nutrition  of  the  body  is  so  affected  by  inilividual  peculiarities,  that 
there  is  a  considerable  variety  in  the  kind  of  fooil  taken  by  different  |)erBons, 
The  old  rule  seems  a  gooil  one,  viz.,  while  conforming  to  the  general  principles 
of  diet,  not  to  encourage  too  great  an  attention  either  to  quantity  or  to  quality, 
but  avoiding  what  experience  haa  shown  to  be  manifestly  bad,  either  generally, 
or  for  the  particular  individual,  to  allow  a  considerable  variety  and  change  in 
amount  from  day  to  day,  according  to  appetite,  f  Proper  and  slow  mastication 
of  the  food  is  necessary ;  and  it  is  extraortlinary  how  many  aflections  of  the 
stomiich  called  dyBpepeia  arise  simply  from  faulty  mastication,  from  deficient 
teeth,  or  from  swallowing  the  food  too  rapidly.     Many  peraon^  who  are  too 

*  It  is  qait«  plain  from  the  eontesit,  that  Hippc»ci«le%  by  IsmfMraaoe,  mennt  auch  im  amount 
of  food  M  woa]a  balaitce,  and  neither  exceed  nor  faU  abort  of  the  eierciae^  He  bad  a  clear  con- 
ceptba  of  the  development  of  mechanical  force  frora»  and  it«  relation  to,  food,  He  lays  down 
nilet  to  thow  when  the  diet  is  in  exoe»  of  exercise,  or  the  ezereue  in  exoestt  of  dieL  In  either 
cue  he  tncen  iHhmiio, 

f  Oelaui  carried  the  plan  of  variety  eo  far  ai  to  nconuneiid  that  men  should  »ometim«a  eat 
and  drink  more  than  is  proper,  and  should  sometimes  not  exceed;  and  Loni  Bacon  has  ft 
remark  which  leadx  one  t^  believe  he  held  a  similar  opinion  ;  Imt  there  can  he  no  doubt  of  tha 
inoonvctnen  of  tli :  It  has  been  trulv  said  thst  the  first  general  rnle  of  Hippocrates, 

which  pretctibea  «  ie  rati  on,  is  much  tmer,  and  the  best  writers  on  h)rgiene,  ancient 

and  modem,  liave  - 1  mat  relsus.     Besides  bcini?  etroneous,  the  rule  of  Oskua  open*  a 

door  to  intcsnperonoe,  and,  like  a  hsmilcss  sentence  in  Hippocratesi  has  been  twifited  to  serve 
the  argument  of  ffouimaadB.  Its  influence  ia  felt  ev^  at  the  pmsent  day.  This  much  is 
ocrtain,  that  t>robably  30  per  cent  of  the  persons  who  consult  phyaioiaiii  owe  their  diseases  in 
some  way  to  food^  and  in  many  cases  they  ai«  perfectly  aware  themselvea  of  tlieir  error  or  bad 
hahit^  but,  with  the  singnlar  inoousisteDcy  of  human  natuiey  either  concea]  it  fh^tn  the  man  to 
whom  they  are  professiag  perfect  opemiess,  or  manage  to  him  1  themjelvea  to  its  existencer 
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ibin  mm  no  from  their  own  habits ;  Aej  etiX  chiefly  me^  mad  eal  it  rerj  i 

tlit!^  iboulii  eat  slowly,  and  take  idoi«  bread  and  tttm^j 

pcnoiis,  on  the  otber  hand,  by  leaaeniiig  the  amottnt  of  eteitli,  coil 

move  exercise,  can  lesiien  with  the  greoteit  ease  the  amcmat  of  fttt  to  i 

flmonot     It  must  be  remembei^  however,  duit  theav  m  a  oertaiii  j 

conformation  in  this  reepeet;  same  pexions  are  oornnltj  fitter  or  1 

othcni, 

Tlic*  exact  amotint  of  exercise  most  also  be  a  matter  of  indiFidm]  dir&rit 
it  betn^  remembered  that  great  exercL^  in  the  free  air  isa  pmatniotiiii  rnnifitwi 
of  heiiith,  and  that  tlie  healthiest  personB  are  those  wbo  bare  moet  of  it.  Jb 
a  ndff,  pf^fBonB  take  far  Ux)  little  exercise,  especially  educated  women^  wbo  m 
not  obligrHi  to  work,  and  the  muscles  are  too  often  flacdd  and  ill-'iioiinahed.^ 

Attention  to  the  skin  ia  another  matter  of  personal  bygiena.  Xbe  ikii 
mntii  be  kept  perfectly  clean,  and  well  clothed.  Some  writers^  indeed,  htm 
ttdviaed  that,  if  food  be  plentiful,  few  clothes  be  worn;  but  the  be* 
authoHi  do  not  agree  in  this,  but  recommend  the  mrthce  to  be  well  proteded 
For  ck^^nliiieas,  cold  bathing  and  Miction  hold  the  first  rank.  The  eSedL  of 
cold  is  to  improve  apparently  the  nutrition  of  the  skin,  so  that  it  aftenmdi 
acta  more  readily,  and  when  combined  with  friction,  it  is  cniioua  to  see  hsm 
the  very  c/^lour  and  texture  of  the  skin  manifestly  improye. 

The  effect  of  heat  on  the  akin,  and  especially  the  action  of  the  Roman  or 
Turkish  baths,  and  their  action  on  health,  have  certainly  not  yet  bc^n  piup 
worketl  out^  in  spite  of  the  numerous  pijieis  which  have  l^een  writteiL 
hiifs  not  b*:'en  jiruved  that  the  strong  action  of  the  Turkish  bath   is 
hcjalthy  in  the  long  run  than  the  application  of  cold  water.     As  a  cimtl 
agent,  it  is  no  doubt  extr»?mely  useful ;  but  as  a  daily  custom,  it  is  yet  i 
judicd,     Ct^rtainly  it  should  not  be  used  without  the  oandudiug  ap| 
of  cold  to  tht^  surface. 

Attention  has  been  often  very  properly  directed  to  the  effect  of  lead 
merciirial  hair-dyea  It  may  be  worth  while  to  notice  that  there  is  a  case  oo 
reconlf  in  which  not  only  was  paralysis  produced  by  a  lead  hair-wafih,  but 
lead  was  recovered  from  the  base  of  the  left  hemisphere  of  the  brain.  8nuff 
containing  lead  has  also  caused  poisoning. 

The  care  of  the  bowels  is  another  matter  of  personal  hyi^ne,  and  ia  a  matter 
of   much   great^:^  difficulty  than  at   first   sight  appears.     Constiimtioa,   aft 
aOowing  i*xnl  to  reimiin  even  to  decomposition,  as  leading  to  distention  \ 
sacculation  of  the  colon,  and  to  haamorrhoids,  is  to  be  avoided*     But,  on  I 
other  hand,  the  constant  use  of  purgative  medicine  is  destructive  of  digeatlflj 
and  propur  absorption ;   and  the  use  of  clysters,  though  le-ss  hurtful  to  i 
stcjiiiach,  find  le«s  objeetionahle  altogether,  is  by  no  means  desirable.     On 
whole,  it  wijuld  seem  that  prcjper  relief  of  the  bowels  can  be  usually  insun 
by  exercise,  and  especially  by  bringing  the  abdominal  muscles  into  play, 
by  the  uae  of  certain  articles  of  diet — vix,,  pure  water  in  good  quantity  wn 
moals,  the  us©  of  bran  bread,  honey,  and  such  gently  laxative  food ;  and  it 
if  these  do  not  answer  weM,  it  is  better  to  allow  a  certain  amount  of  oonstip 
tion  than  to  fall  into  the  frequent  use  of  purgntive  medicines. 

The  leguhitiou  of  tlie  passions  must  also  be  left  to  the  individuaL  The 
control  of  morals  has  bafted  the  exertions  of  the  prieet  and  the  stalesmiui ; 
but  perhaps  the  influence  of  sexual  irre^ulaiities  on  health  has  never  been 


*  Compsre  the  Intperfeet  derelopment  of  the  mmdefl  of  the  Anns  in  lidies,  is  tfaoirti  hy  1 
Ww  eveoliig  dreAsea^  with  the  women  of  the  woridng  cluses.    No  one  em  doulit  which  J 
iiealthi««t  or  which  ia  the  moot  bountiful,  until  excess  of  irark  dtvelopu  in  the  laiui 

Ubottriag  women  the  too  hanl  outlines  of  mictdJe  llf^ 
4  Virdiow'a  Archiv.  bwjd  ?iii.  p,  177. 
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L-made  the  subject  of  judieioiis  education.     The  period  of  piiberty  coiTesponda 

.lirilli  the  most  importtint  pt^riod  of  growth,  wheu  the   boiiea  are  cousolidiitijag 

and  uniting,  aud  both  muscles  and  nerves  are  largely  absorbing  nouriskment, 

.  and  are  developing  to  their  fullest  pw^wer.     The  too  etu^iy  use  of  sexual  cou- 

iud  t?ven  more  the  drain  on  the  system  produced  by  solibiry  ^ice^  arrests 

velopuunt  to  a  considertible  extent,  and  pi'^vent^  the  attainnieiit  of  the 

slioagth  and  endurance  which  would  ioBure  a  healthy,  vig^jrous,  and  happy 

J  lifci.     The  venereal  diseases,  which  bo  waste  many  of  the  younger  men,  fonn 

,  only  an  item  in  tlie  catalogue  of  evils^ — erilB  which  atfect  at  a  subsetpient 

period  wives  and  children,  and  by  undermining  the  health  and  happiness  of 

the  family,  influence  the  state  itself.     We  know  that  a  widtvspn^atl  prothgacy 

has  eaton  away  the  vigour  of  nations,  and  caused  the  downfall  of  states ;   but 

"We  hardly  recognise  that,  in  a  less  degree,  the  same  caiiaes  tire  active  among 

us,  and  never  realise  what  a  stato  might  be  if  it**  citizens  were  temperate  in 

lU  things.     It  may  be  dilhcult  to  teach  the&e  ]xiinfcs  t»  the  young,  and  to  urge 

on  them,  £i>r  their  own  and  other's  sakes,  the  regidation  of  the  pa^vsions 

iich  physiology  teaches  to  be  necessaiy*  for  peistuial  happine>?R,  for   the 

fare  of  the  trffispriug,  and  for  healthy  family  life ;  but  I  think  few  can 

ibt  that,  in  s^ime  way,  the  knowledge  f^houhl  be  given, 

fThe  amount  of  mental  work,  and  the  practice  of  genend  good  temper  and 

Krfulness  and  hope,  are  other  points  which  each  man  nuist  himself  control. 

at  mentrd  work  can  be  borne  well  if  hygienic  principles  of  diet,  exercise, 

be  attended  to.     Tlie  olii  authors  paid  greJit  attention  to  the  regimen  of 

engrossed  in  litcniry  work,  an<i   laid  down  particular  rules,  iosisting 

cially  on  a  very  careful  and  moileratjp  diet,  and  on  exercise.* 

Hijfie  and  cheerfulneBa  are  greiit  aiiis  to  health,  no  doubt,  from  their  elFect 

digCijtion.     Usually »  too,  they  are  combined   with  a  quick  and  active 

tenn)emment,  and  Mnth  mpid  bodily  movemeniNi  and  love  of  exercise. 

K«    The  individual  application  of  geneml  hygienic  rules  will  differ  a^^cording  to 

PRie  sex  and  agt?,!  ^^id  the  circumstances   of  the  peiTson.     In  the  case  of 

children,  we  have  to  apply  the  general  rules  with  as  much  caution  and  care  as 

possible,  as  we  must  depend  on  externtd  evidence  to  prove  their  utility.     In 

the  case  of  adult-s,  individual  exfjerience  soon  shows  whether  or  not  a  pre- 

acriljed  nde  is  or  is  not  beneficial,  and  what  mo<lili cation  must  he  made  in  it. 

It  is  not,  however^  every  grown  jx-rson  who  has  the  power  to  modify  or 

change  bis  coiwiitiom      He  may  be  under  the  influence  of  others  who,  in  fact, 

aminge  for  him  the  circmnstances  of  his  life.     But  still,  in  no  caae  is  all  self- 

contn>l   tiiken  away ;  the  individuid  eim  always  intiuence  the  conditions  of 

his  own  health. 

Were  the  laws  of  health  and  of  physiology  better  understood,  how  gr<?at 
would  be  the  ettect !  Let  ua  ho])e  that  matters  of  such  great  moment  may 
not  always  l>e  considered  of  less  importance  than  the  languages  of  extinct 
niktionja,  or  the  unimportant  facts  of  a  dead  history. 

*  Platarcfi,  whoM  mlem  onbedth  are  exceMeat  and  cliieHy  taken  from  HIppocratcA,  coniparefi 
the  orer-ftiwlioiyi  man  to  the  camd  in  tlie  fabl^^  wlio,  refusing  to  ewm  the  ox  in  <liie  time  of  h\a 
load,  waa  forced  at  laat  to  carry  not  only  tbe  ox's  own  load,  but  Ike  ox  Mmselt'i  when  he  die<l 
under  hie  burden. 

t  GaleD  WW  the  first  who  pointed  out  explicitly  tliat  hy^eaic  rules  must  he  different  for 
infancy,  youth,  manhood,  and  old  age— a  fourfold  divi.*ion  which  is  etill  the  best.  P>thjigom8, 
Iccna,  Herodicus,  Hippocrates,  Folylius,  DitH-le^  Celsua,  and  others  who  pre<  eded  Galen»  appenr 
to  haTO  framed  mle.'i  cbiefly  for  male  adults,  (ialen  aub-dinded  the  subject  much  more  sys- 
tematically. (For  a  goo<l  short  account  of  thu  early  syatema,  see  Mackenzie  on  The  Hwtory 
of  Health,  and  tbe  \rt  of  Pre«flrviijg  it,  1758. ) 


CHAPTER    XVII. 
DISPOSAL    OF    THE    DEAD. 

In  densely  populated  couutriea  the  disposal  of  the  dead  \m  alwajrs  a 
Hon  of  ditHculty,     If  the  dead  are  buried,  m  gre^t  at  last  is  the  aooi] 
tion  of  bodies  that  the  whole  t'ouutry  round  a  great  city  heconaiM  gradoally  I 
vast  cemebery.*     In  some  soils  the  decom|>osition  of  bodies  is  very  slow, 
it  is  many  years  before  the  risk  of  impurities  passing  into  air  and  water  is  m- 
moved, 

AftcT  death  the  buried  body  returns  t*>  its  elements,  and  gradually,  anj 
often  by  the  means  of  other  forma  of  life  which  prey  on  it,  a  large  amount  < 
it  forms  carbonic  acid,  ammonia,  snlpbtiretted  and  carbun^tted  hydrogens,^ 
nitrous  and  nitric  acids,  and  vaiious  more  complex  gaseous  products,  maQ| 
of  which  are  very  fcetid,  but  which,  however,  are  eventually  all  oxidised  iat 
the  simpler  combinations.  The  non- volatile  substances,  the  salts,  become  con- 
stituents of  the  ^oil,  pass  into  plants,  or  arc  C4irried  away  into  the  water  per- 
colating  through  the  gr^jund,  Tlie  hardest  part«,  the  hones,  n^main  in  some 
soils  for  many  centuries,  and  even  for  long  periods  retain  a  portion  of  their 
animal  constituents. 

If,  instead  of  being  buried,  the  body  is  bumed,  the  same  process  occuis 
more  rapidly  tmd  with  dillerent  combinations ;  carbonic  acid,  carliomc  oxide  (?)fJ 
nitrogeUj  or   perhnps   combinatioriB  of  nitrogen,  wat-er,  (fee,  are  given   0^1 
and  the  minend  constituents,  and  a  little  carbon,  remain  Udiind. 

A  community  must  always  dispose  of  its  dead  either  by  burial  in  land  o^- 
wat^?r,  or  by  burning,  or  chemicid  deatruction  equivalent  to  burning,  or  bj 
emhalming  and  preserving.     Aecumtonied  as  we  art^  to  land  burial,  there  18^ 
something  almost  revolting,  at  lirst  sight,  at  the  idea  of  making  the  sea  the 
sepulchre,  or  of  burning  the  dead.     Yet  the  eventuid  disjjersion  of  our  framoftj 
ia  the  same  in  ah  cases ;  and  it  is  probably  a  matter  merely  of  custom  wldcl 
makes  us  think  that  there  is  a  want  of  atibction,  or  of  care,  if  thebodiea  of  1 
de4id  are  not  autlen^d  to  impose  in  the  earth  that  bore  them. 

In  reality,  neither  atfection  nor  r»>ligion  can  be  outraged  by  any  manner  o| 
disposal  *if  the  dead  which  is  done  with  pro|jer  solemnity  and  res[K?ct  to  thai 
earthly  dwelling-place  of  our  friends.     Tim  question  shuuld  be  placed  entirely 
on  sanit<iry  grounds,  and  we  then  shall  juflge  it  rightly. 

What,  then,  is  the  best  plan  of  disposing  of  the  dead,  so  that  the  living 
may  not  suffer  ? 

It  aeema  hardly  likely  that  the  priietico  of  embalming  or  mummiiying  will 

*  Nothing,  m»rhaps,  tu^tifleR  more  atrongly  to  the  witiqiiity  and  the  ejctent  ai  the  aocienl 
cities  in  Anatolk  ihim  the  \ast  sepulchral  rtimalrjs.     On  tlie  site  of  Ohl  DardaniiA,  the  motber| 
of  Troy,  iknd  Btrutching  from  the  HclleMpont  for  two  or  three  mika  into  the  hills,  thtj  wholt 
country  is  hoiieycoral)«d  with  lombiii.     It  i«  the  same  in  tlie  nei;«hbourhoiiti  of  Troy.    Tlia 
hnml  of  the  deud,  though  pnictiiiecl  by  th^  most  ancient  aations,  was  artcrwords  suiierseiiejl 
by  burning,  trnd  was  only  snbseqnently  retunnjd  to.     Aa,  Iherefore,  these  grnves  Tepna*ent  ] 
only  A  portion  of  the  duration  of  the  city,  the  innnfn«e  aHJieniblage  of  tombs  U  the  more  reruark-  ^ 
ablu,  and  it  in  imiHjssible  to  avoid  the  conLliision  that  these  great  citi^M  mn.it  have  floarifthed 
fmr  piinods  far  longer  than  tljose  which  have  elapsed  since  Loudon  or  Paria^  for  example,  bec4Uiio 
liirgtf  ceutrea  of  populatbo* 
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^■r  i^m  become  common.  "VVTaat  is  the  use  of  proserving  for  a  few  more 
^Krs  the  remains  wliich  will  be  aii  object  of  iiidiiFyrence  to  future  genera- 
^Kis  1  The  next  logical  stop  would  be  to  enfibriiic  thea<i  remains  in  tiome  way 
^V«s  to  insure  their  presen^tttion,  and  wo  should  return  to  the  vast  burial 
^Bnmia  of  £^ypt^  Xha  queBtion  will  lie  between  burial  in  the  land  or  at  ae% 
^Hl  burning. 

^■At  present  the  que-stion  is  not  an  urgent  one ;   but  if  the  population  of 

l^prope   continues    to    increase,    it    will   become    so    in   anotliLT    ceiitury 

dr  two.     Alretuly  in  this  country  we  have  seen,  in  our  own  time,  a  ^t^at 

mbftOgB ;  tlie  objectionable  practice  of  interment  under  and  round  churches  in 

^■rn&  hits  been  given  up,  and  tlie  population  i^  biu-ied  at  a  di stance  fi»um 

^Hir  habitations.     For  the  present  that  me^vBure  will  jirohiibly  sulHce,  but  in 

^H^  years  the  question  will  again  ine\'itiibly  present  itself. 

^^Bmying  in  the  ground  appears  c^^rtainly  the  most  insanitary  plan  of  the 

^Kee  mefciitxla    The  air  over  cemeteries  in  constantly  contsiniinated,  and  water 

^Rdch  may  be  used  for  drinking)  is  often  highly  impure.     Hence,  in  tho 

BpBJnity  of  graveyards  two  dangers  to  the  popiUation  arise,  and  in  addition, 

^feom  time  to  timtij  the  disturbance  of  an  olii  graveyard  has  given  rise  to 

'  diaeneei     It  is  a   matter  of  notoriety   that  the  vicinity   of  gmveyard?i  is 

unhealthy.     How  are  these  dangers  to  be  avoided  \    The  dead  ni;iy  be  huri^.^d 

in  murt?  or  less  air-tight  vaults  ;   here  decay  h  slow  ;   the  products  fnrni  and 

\  alowly,  though  they  must  eventually  escape ;  the  air  and  water  are  less 

a  ted.    But  the  immense  expense  of  such  a  pkn  i-enders  it  unjtossible 

ii  adopt  it  for  the  community  generally.     Deep  burying  has  the  lid vantage 

ater  filtration,  both  for  air  and  water,  than  shallow  buryitij^,  and  hence 

(  a  gocMl  rule  to  make  tlie  gmve  as  deep  as  possibla,  and  to  allciw  no  more 

ono  body  in  a  grava     The  admixture  of  quicklime  has  been  advificd  ; 

orbsaome  carbonic  acid,  and  forms  sidphuretof  calcium  with  the  sulphur 

gulphnrettod  hydrogen,  but  this  itself  aaon  decomposes,  so  that  the  ex- 

[  peiiBe  of  quicklime  seems  hardly  commensurate  ^\ith  the  result.     Charcoal 

■ipmkl  absorb  and  oxidise  the  fo'tid  organic  matter,  and,  if  sufficiently  cheap, 

flfculd  be  a  valuable  substance  to  be  heajjed  in  graves ;  hut  its  C(>8t  would  be 

prolMihly  too  grciit,  nor  does  it  entirely  kinder  putrefaction  and  tlie  evolution 

of  foid-snielMng  substances  (II.  Barker).     If  a  btxly  htm  to  be  kept  unburiijd 

lor  0ome  time,  saw^dust  and  sul[»hate  of  sdnc,  in  the  proportion  of  two  parts  to 

one^  has  been  found  by  Herbert  ikrker,*  to  be  the  best  application  ;   a  thin 

layer  is  put  over  the  dead  bcaly  j   or  sawdust  is  sprinkled  on  the  body,  and 

tben  two  or  three  ouncei?  of  car  bo  he  acid  thrown  over  it. 

The  only  means  wliich  present  themselves,  as  apjiliuaible  in  all  cases,  are  the 
deep  burial  and  the  use  of  plaut^s  closely  placed  in  the  cemetery.  There  is  no 
plan  which  is  more  efficacious  for  the  absorj^tion  of  the  organic  sul^etances, 
ftnd  jrt3rhai»s  of  the  carbonic  acid,  than  iilants,  but  it  would  seem  a  mistake  to 
uae  only  the  dark,  slow-growing  evergreens.  The  object  shoidd  be  tti  get  the 
most  rapidly  growing  tribes  and  shrubs,  and,  in  fact,  thei^  is  no  reason,  i'xce]jt 
a  feeling  of  sentiment,  why  we  shoidd  introduce  into  our  cemeteries  the  gl<M>my 
and  melancholy  cypress  and  yew.  Mr  Seymour  Hapten  has  called  atUmtion 
to  the  supposed  advantages  of  perishable  coffins,  so  that  the  putrefactive 
changes  may  be  carried  out  m  quickly  as  possible.  And  certainly,  if  burying 
is  to  conrinue,  it  seems  reasonable  that  no  undue  obstacle  sh^juld  be  placed  in 
the  way  of  changes  which  are  sooner  or  later  inevitable. 

When,  in  the  course  of  years,  it  becomes  imperative  to  reconsider  this  ques- 
tion, and  land  burial  will  have  to  be  moditied,  many  arguments  wiU  pu-esent 
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thenisolvas  to  maritime  Bations  in  favour  of  biir^  ing  in  tlie  sea  mtlier  than 
burning.     It  is  true  that  the  impurities  in  burning  can  he  well  diffuscU  inl 
the  atmosphere  at  large,  and  would  not  add  to  it  any  pijrct'ptible  impurity^ 
But  if  the  burning  is  not  complete,  f»i.tid  orjifanii!  matters  are  given  oil',  whicl 
hang  clrniddikf  in  the  air  and  may  he  jTercejitiblej  and  even  hurtful      A^ 
matter  *>f  expense,  too,  the  system  of  incremation  wunld  he  great-er  than  t 
burial  at  sea.     In  the  burial  at  sea,  some  of  the  Iwjdy  at  Jeast  would  go  at  on 
to  Bupjxjrt  other  f^jrais  of  life,  more  rapidly  than  in  the  case  of  land  buri 
and  wilh(i\Tt  the  danger  of  evolution  of  linrtfid  products. 

Burning,  or  cremation,  has  attracted  ninch  attentirin  of  late  years.  In  this 
coxmtry  the  subject  has  been  discussed  by  Sir  Henry  Tlmnipson  and  Mr 
Eassio,  and  abrtMid  much  has  been  written,  especially  in  tJennftny  and  Italy,  m 
both  which  countries  the  method  bas  been  pnictically  tried.  It  would  certaiiil;^^ 
appear  that  the  body  can  be  tlisp^^ised  of  in  a  very  short  time  and  in  arf 
inofl'cnsive  manner,  while  the  expense  would  unquestionably  be  much  reduced 
if  the  practice  became  general. 

In  lime  i>f  war,  and  e^i^ecially  in  the  case  of  beleagured  fortresses,  the  dis- 
posal of  the  dead  becomes  often  a  matter  of  difhculty.  In  that  case  burning 
may  have  to  be  resorted  to.  If  the  bodies  are  huried,  they  should  always  be 
at  as  great  a  distance  as  possible,  and  as  deep  eis  they  can  Ije,  If  pnicnrabX 
charcoal  s^hould  he  thrown  over  them  ;  if  it  cannot  be  obtained,  sawdust  an< 
sulphate  of  zinc,  or  carbolic  acid  may  be  employed  Quicklime  is  also  com- 
monly u.sed,  but  is  less  useful 

At  Metz,  in  1870,  the  follomng  plan  was  adopted  : — A  pit  of  about  17 
feet  in  depth  was  fUled  with  dead,  disj)Osed  of  as  follows  : — A  row  of  bxlies 
was  laid  side  by  side  ;  above  this  a  second  row  was  placed,  with  the  heads 
laid  against  the  feet  of  the  first  row ;  the  third  row  were  placed  acri»ss,  and  the 
fourtli  row  in  the  same  way,  hut  with  the  heads  to  the  feet  of  the  former  ; 
the  lifth  row  were  placed  aa  Ko.  1,  and  so  on.  Between  each  layer  of  bodies 
ahont  an  inch  of  hme,  in  powder,  w*as  placed  From  90  to  100  bodies  were 
thuB  arranged  on  a  length  of  6i  feet,  and  reache<i  to  about  6  feet  from  tl 
surface  ;  the  pit  was  then  fiUed  up  with  earth,  and  though  84 0€  bodies  wi 
put  in  that  i>it,  there  w^ere  no  perceptible  emanations  at  any  tinm 

Around  Metz  the  graves  of  men  ami  horse-s  and  ciittle  were  disinfected  wil 
lime,  charcfiftl,  and  sulphate  of  iron.  Immense  exertions  wen^  made  to  clean  and 
disinfect  the  camps  and  battle-fields,  and  in  the  month  of  >hiy  1871,  from 
1 200  to  1 600  lalxjiirers  were  employed  by  the  Germans.  Wlierever  practicable, 
the  ground  was  sown  with  oats  or  barley,  or  gmsa  The  hillocks  formcnl  by 
the  graves  were  plantetl  with  tree^ 

In  many  cases,  at  Metz,  bodies  w^ere  dug  up  by  the  Germans  when  there 
was  any  fear  of  water-coiuses  being  contaminated,  or  if  houses  were  near. 
On  account  of  the  danger  t^^  the  workmen,  griives  ci>ntaining  more  tlian  six 
bodies  wcixj  left  untouched,  and  the  work  was  always  <tone  under  the 
immediate  superintendence  of  a  physician,  llie  earth  was  removed  carefully, 
but  not  far  enough  to  uncover  the  corpse ;  then  one  end  of  the  corpse 
uncovered,  and  as  soon  as  uniform  or  parta  of  the  bcwly  were  seen,  chloride 
lime  and  sawdust,  or  charcoal  and  carbolic  acid,  put  in  ;  the  whole eajth  T<mw 
the  body  wjis  thus  tre^detl,  and  the  body  at  length  laid  Imre,  lifted  and  carried 
away.     The  second  body  was  then  treated  in  the  same  way. 

Near  »Sedan,  where  there   wero  many  bodies  very  euperiicially   hxirit 
bumiDig  was  had  reconrse  tov     Straw  mixed  with  pit^jh  was  put  into  tl 
graves,  and  was  lighted :    1  ton  of  pitch  sufficed  for  from  15  to  20  Ixidieeti^ 
Opinions  as  to  this  practice  were  diiided,  and  it  is  not  certain  how  nian^ 
graves  were  thus  dealt  with.     It  seems  probable  that  only  the  surface  of  the 
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body  was  burnt,  and  wben  many  bodies  were  together  in  one  grave  some 
were  not  touched  at  alL  On  the  whole,  the  experiment  appears  to  have  been 
nnsaocessfuL 

The  Belgian  experience  at  Sedan  was  in  favoiur  of  employing  chloride  of 
lime^  nitric  acid,  sulphate  of  iron,  and  chlorine  gas.  Carbolic  acid  did  not 
answer  so  well  The  sulphate  of  zinc  and  charcoal,  which  Barker  found  so 
tuefn],  was  not  tried. 

Mr  Eassjie  has  lately  called  attention  to  the  desirability  of  an  ambulatory 
eremataon  furnace  for  the  disposal  of  bodies  in  war.     If  such  an  arrangement 

Soved  practicable,  it  would  unquestionably  be  of  immense  advantage  from  a 
jgienic  point  of  view. 


CHAPTER   XVIIL 

ON  THE  PEEVEXTION  OF  SOME  I^^fPOETAXT  AXD 
COMMON   DISEASES. 

There  are  two  modes  by  wkich  we  may  attempt  to  prevetit  the  oceurrence  of 
disease. 

L  Hj  conforming  with  the  general  rules  of  hygiene,  by  which  the  body 
and  mind  arc  brought  into  a  state  of  more  vigorous  health* 

2.  By  investigating  and  removing  the  causes  of  the  dkeases  which  we  findl 
actuaDy  in  op  ration.  This  part  of  the  inrjuiry  is  in  fact  a  necessary  supple- 
ment to  the  other,  though  in  proportion  to  the  obaen^ance  of  the  general  rules 
of  hygiene,  the  causes  of  disease  will  gradually  he  removed  At  present^ 
however,  we  have  to  deal  with  the  facte  before  ua, — vije.,  that  there  are  a 
great  number  of  diseaaes  actually  exiatent  which  must  form  the  subject  of 
investigation.  We  proceed  in  this  caj^  from  the  particular  to  the  gti^nera], 
whereas,  ie  the  first  mode,  we  deduce  general  rules  which  have  to  be  applied] 
to  individual  instancea 

Hygiene  is  in  this  direction  an  applicatioij  of  etiology,  and  etiology  is  the 
philosophy  of  medicine ;  while  in  its  turn  the  very  foimdation  and  basis  of 
(Etiology  is  an'^accnratB  diagnosis  of  disease.  Uoless  diseases  are  completely  j 
identified,  all  ini^inryjnto  causes  is  hopeless.  Let  us  remember,  for  example, 
what  utter  confusion  prevailed  in  our  opinioms  as  to  causes  and  preventive 
measures  at  the  time  when  typhus  and  typhoid  fevers  were  considered 
iilentieal,  or  when  paroxysmal  fever  and  the  true  yeUow  fever  or  vomito  were 
thuught  to  own  a  common  causa  Any  useful  rules  of  prevention  were  simply  i 
im|>os8ible — ^s  impossible  as  at  presenli  in  nuiny  of  the  diseases  of  nutrition, 
which,  in  the  proper  sense  of  the  word^  are  yet  undiagnosed 

Tbo  advance  of  diagnosis  has  of  late  years  been  owing  not  merely    to 
improved  methods  of  observation,  but  to  the  more  complete  recognition  of  the 
gi-eat  priuci]de  of  the  invarudileness  of  causation.     The  sequence  of  phenomena 
in  the  diseased  body  proceeds  with  the  same  regularity  and  constancy  as  in  [ 
astronomy   or  chemistry.     Like   causes  always    prculuce   hke   etfectk     To 
suppose  that  from  the  same  cause  should  proceed  a  sequence  of  phonomena  so 
utterly  dif^tinct  as  those  of  typhus  and  tyj^hoid  fever,  now  seems  incrediltle  ; 
yet  with  a  full,  or  at  any  rat^e  a  sufficient,  knowle^lge  of  the  phenomena,  it] 
was  at  one  time  almost  universally  believed  that  these  two  perfectly  distinct  1 
diseases  cAvned  a  common  origin.     At  the  present  moment,  the  superficial 
resemblance  between  gout  and  rheumatism  causes  them  to  be  put  together  in 
almost  ail  systems  of  nosology,  although,  with  the  exce]:*tion  of  the  jointa 
being  atiected,  the  diseases  have  almost  nothing  in  common. 

In  proportion  as  this  great  principle  is  still  more  constantly  appfied,  and  aa  , 
our  means  of  diagnosis  advance,  and  conserptently,  causes  are  more  satis- 
factorOy  investi^ted,  mcthcjds  of  prevention  will  become  obvious  and  precisa  j 
At  present  they  are  very  far  from  being  so.  In  many  ciises  they  are  fouudedJ 
on  very  imperfect  observation  ;  and  very  frequently  all  that  can  be  done  is  tol 
apply  genend  sanitary  rides,  without  atteujpting  to  detennine  what  are  thej 
special  pi\'Ventive  measures  which  each  disease  requirea 
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It  is  not  necesaaiy,  however,  that  we  ehoiild  wait  imtil  the  causation  of 
ly  disease  ia   perfectly  iincltrstciod.     We  must  act^  as  in  so  niaEy  other 
on  prohability  ;   and  enileavour  to  remove  thoBe  conditions  which,  in 
i  pment  atate  of  our  knowledge,  eeem  to  bo  the  most  hktly  causes  of  the 
It  may  be  thtit,  in  some  caees^  we  may  he  attacking  only  subsidiary 
minor  causes,  and  may  overlook  othera  equally,  or  more  important     In 
Dme  cases,  indeed,  we  may  overlook  entirely  the  effective  causes^  and  may  be 
ghting  with  shadows.     Still,  even  from  mistakes,  progrefls  often  arises — 
ieed,  the  difficult  path  of  human  knowdedge  is  perhaps  always  through 
or. 

The  tenn  cause  is  applied  by  logicians  to  any  antecedent  which  has  a  share 
in  pnxincing  a  certain  &e<iuente  ;  and  it  is  well  known  that  in  many  diseases 
two  sets  of  cau^sare  in  opemtioii — one  external,  and  oneinternid  to  the  body 
I  exciting  and  pre^lisposing).  The  investigation  of  the  internal  causes,  which 
I  acme  cases  are  neoessary  to  the  action  of  tha  external  causes,  is  equally 
ions  and  intricate  as  that  of  the  exttTnal  causes,  and  in  some  reispects  it  is 
.  more  obscure ;  hut  measures  of  prevention  must  deal  with  them,  as  well 
i  with  the  external  causes. 

In  this  chapter  I  can,  of  course,  only  venture  to  ennmerate  very  briefly, 

od  without  discussion,  what  seem  to   he  the  best  rules  of  prevention  for  the 

principd  diseases  of  soldiers.     To  enter  on  tlie  great  subject  of  the  prevention 

disease  generally,  and  to  discuss  all   the  complicated  questions  connected 

ith  causation,  woidd  demand  a  vohune. 

I  have  endeavoured  to  pireserve  the  s^imjde  and  practical  character  which  I 
ave  attempted  to  give  to  the  other  parts  of  this  manual 
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SECTION  1. 

THE  SPECIFIC  DISEASES/ 

Paroxymml  Fevers. 

EaBtemal  Cause. — ^Tbis  is  presumed  to  be  putrescent,  or  at  any  rate, 
decomposing  vegetable  matter  (see  pp.  44,  111,  and  331),  derived  from  a 
moist  and  putrescent  soil,  which  ia  carried  into  the  body  by  the  medinm  of 
water  or  of  air.f 

If  hy  water,  a  fresh  source  must  h©  obtained-  Well  water  is  generally 
fe,  but  not  always,  Eain  water  may  he  unsafe,  if  the  tanks  are  not  cleaa  J 
If  a  fresh  source  cannot  be  obtained,  hoihng,  charcoal  filtration,  and  alum 
appwir  to  Ti€t  the  lj>est  preventive  measurea§ 

If  tlie  introduction  be  by  air,  and  if  the  locahty  cannot  he  left,  the  most 

pproved  phm  is  elevation  to  at  least  500  feet  above  the  source  of  thr  ^x/wm 

in  temperate  cliinates;   and  1000  to   L500  feet  in  the  tropics,  or  higher  still, 

if  poaeible.||     If  this  plan  cannot  be  adopted,  two  jioints  must  lie  aimed  at — 


•  In  enumerating  tb«M  difiM«eA,  I  have  followed  simply  a  convenient  order,  and  kavo  only 
^veferretl  to  the  inont  coLnmon  diseaaea  of  sold  lent. 

f  I  U«ve  not  thought  it  desirable  to  alludfi  here  to  the  views  of  Saliabury  that  a  speelen  of 
[  pftlmelitt  causes  intcmiilt«iit«^,  or  to  other  similar  views  ;  they  require  more  invirstigation  b«foTw 
r©  can  pmctirully  act  on  them. 

X  For  imtance'of  propagation  by  so-called  rain-water,  ww  cues  st  Tiibury  Fort,  noted  at 

I  I  Dr  BUnc  and  Mr  Prideaiix  j)re»«erv€d  themaelv€8  from  intermittent  fever,  in  a  march  \n 
[lAbyadifiia.  by  always  uKing  water  in  the  form  of  tea  or  coffee. 

I  if  It  miwt  he  uudenitood  that  these  heights  are  aftsomed  to  he  above  a  marah,  Thoy  will  not 
lueenre  from  nmlarm  fiom  marnhefl,  if  aitnated  at  that  or  a  much  greater  bei^^ht.  A  marMh  at 
I  ErBeroum  is  600(1  luet  above  sea- level  J  one  at  Puehla,  in  New  Mexico,  ia  5CKK)  feet ;  both  cAum 
I  fevera. 
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TU.,   to  obTiale  local,  and   to  avoid  dfiltiiig  maluk.     Tbovoai^ 
diainiiig ;   filling  up  maist  grottiid  wh«ii  ptadicable  ;  pairittg  or  eonrexm^  I 
ground  with  herbage  kept  doaely  eot^  are  tbe  best  pLuis  for  thm  Bxsi  point 
For  the  Becond,  belts  of  tiee^  ewen  walls  can  be  inteqraeed  ;  or  booKS  cam  It 
ao  built,  as  not  to  present  openings  towanU  the  side  of  Ibe 
cQnent& 

The  houses  tlieniftelTes  should  be  raised  aboYe  the  gicfiiDd  on  mnim^  , . 
wooden,  on  piles.     Upper  floors  onlj  should  be  occupied.     The  eaiij  1 
air,  for  three  hours  after  sonrUe,  should  be  avoided ;  and  n&xt  to  thii^ 
air. 

Internal  Ccaue8,—T\i^  conformation,  or  stractmal  condition,  which  pezmits 
the  external  cause  to  act,  is  evidently  not  equal  in  difTeient  individuAk,  or  io 
different  races  \  but  we  are  quite  ignorant  of  its  nature.  It  is  not  removed  bjr 
attacks  of  the  disease  ;  but,  on  the  oontraiy,  after  repeated  attacks  of  ague,  a 
peculiar  condition  (of  the  nerves  1 )  i^  proiluced,  in  which  the  diseaae  can  bt 
brought  on  by  causes,  such  as  cold  or  dietetic  errors,  which  could  never  bavs 
caused  it  in  the  &st  instance.  The  internal  predisposition  is  groally 
be%htened  by  poor  feeding,  angmia,  and  probably  by  scurvy. 

To  remove  the  internal  causes  our  only  means  at  prea^nt  are  the  admintstia- 
tion  of  antipmodics,  especially  quinine  ;  and  good  and  generous  livings  with 
iron  medicines.  The  use  of  flonnt^l  next  the  skin,  and  of  warm  dolhtng 
generally  ;  warm  coffee,  and  a  good  meal  before  the  time  of  expo^in^  to  the 
malaria,  and  f)erhap6  moderate  smoking  (1),  are  the  oth^  chief  niea8iife& 
Wine  in  moderation  is  part  of  a  generous  diet ;  bat  siiints  are  uaeleaB^  and 
probably  hurtftd,  unless  given  considerably  diluted. 

YeUow  Fever, 

E^eiemal  Cattse. — During  the  last  few  years  the  progrees  of  inquiry  has 
entirely  disconnected  true  yellow  fever  from  malaria,  though  yellowness  of 
the  skin  is  a  symptom  of  some  malarious  fevers.  Yellow  fever  is  a  disease  of 
cities  and  of  parts  of  cities,  being  often  singularly  localised,  like  cholera.  In 
the  West  Indies  it  has  repeatedly  attacked  a  barrack  (at  Bermuda,  Tr 
Earbadoee,  Jamaica),  while  no  other  place  in  the  whole  island  was 
In  the  same  way  (at  Lisbon,  Cadiz,  and  many  other  places)  it  has  attacked  onl] 
one  section  of  a  town^  and^  occasionally,  like  cholera,  only  one  side  of  a  sb^eet.  \ 
In  the  West  Indies  it  hits  repeatedly  commenced  in  the  same  part  of  a  barrack* 
In  aU  these  points,  and  in  it^  frequent  occurrence  in  non-malarious  places,  in 
the  exemption  of  highly  malarious  places,  in  it.^  want  of  relation  to  moL 
in  the  atmosphere,  and  its  as  evident  connection  with  putrefying  fsecal 
other  animal  matters,  its  cause  differs  entirely  from  midaria* 

If  these   points  were   not  sufficient^  the  fact   that  the  agent  or  poisQUl 
which  caustjs  yeUow  fever  is  portable,  can  be  carried  and  introduced  among  m] 
community, t  ami  is  increaseil  in  the  bodies  of  those  whom  it  attacks,  indicates 
that  the  two  agencies  of  yellow  fever  and   paroxysmal  fevers  are  entiielj 
distinct  J 

*  The  belief  in  tite  iimlAHcms  <)rigin  of  yetlow  fttver,  no  lotif^  and  tenscionsly  beld  hr  maaj 
Amalcan  phyBiciana,  Betims  Ui  be  loHUig  pound.  (See  paper  >iy  Dr  Peity,  read  bsfofift  r*^"' 
American  Health  AasociatioUt  The  Dally  Pic-A>^ne,  Nov.  23,  1873.) 

f  Caries  of  the  Bann,  Eclnir,  Icarus ^  aud  several  others.     The  late  remarlcable  introdfl 
of  yellow  fever  from  If avannah  into  St  Najeaire^  in  France  (near  Breet)^  ia  moat  stiikhig^  i 
eaniiot  be  explained  a^vay.     It  spread  both  from  the  tibxp^  and,  in  one  instance,  from  penonib  ^ 
(See  Aitken's  Medicine^  6th  edit.  1858  ;  and  Report  on  H^dene  for  1862,  in  the  Amy  llediOAl 
Report,  hr  the  author.^    The  ititrodncTtion  into  Rio  in  1849,  and  into  Monte  Video,  are  still 
more  etriking  casea  of  importation ;  and  n  caae  very  ^inular  to  that  of  St  Nazaire  ocmirred  j 
Moine  yeani  airo  at  Swansea.    (See  Report  by  Br  Bnchaaan  to  the  Medit^  officer  of  the  Privy  J 
Council,  186d.)  1 

X  At  more  care  la  taken,  the  symptoma  of  the  two  dieeases  olao  are  found  to  be  cUagDOili%i 
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That  grcMit  point  boing  con«idertMi  settled,  the  mquiry  into  the  conditions 
of  Kpruad  of  the  yellow  fever  booomes  wasier.  The  points  to  seixe  are  its  fre- 
quent and  regular  localisation  and  it«  transportation.  The  localisation  at 
once  diaconnet^ts  it  with  any  gent^ml  atraospheric  wave  of  poison  ;  it  i&  no 
doubt  greatly  infloenccHl  by  tcmipeniture,  mid  is  worse  when  the  temjieratnr© 
is  above  TO'*  Fahr,  Though  it  wiU  continue  to  spread  in  a  colder  air  thiin  was 
formerly  supposed,  it  does  not  spread  mjiitUy,  and  apjx'iars  to  die  out,  but 
even  tempftrature  does  not  <iause  it  to  bec4:)ine  general  in  a  place. 

The  lo<*alising  cau,«iea  are  evidently  (cases  of  Lisbon,  Gibraltar,  West  Indies, 
like.)  connecte4i  with  acciinaulation  of  excreta  itjund  dwellings^  and  overcn:iwd- 
ing.  Of  the  former  there  are  abundant  instances,  and  it  is  now  coming  out 
niui'e  and  more  clearly  that,  to  use  a  convenif nt  jihrase,  yellow  fever^  like 
cholura  and  typhoid  fever,  is  a  ftecal  disease.  And  here  we  lind  the  exj)Iana- 
t  ion  of  its  locidisation  in  the  West  Indian  barracks  in  the  olden  time,  Kound 
every  Imrrack  there  were  cesspits,  often  open  to  sun  and  air.  PiVeiy 
evacuation  of  healthy  and  sick  men  w^as  thrown  into  ijerhajjs  the  same  placesL 
Gmnt  that  yellow  fever  w^as  somehow  or  other  introdue*^,  and  let  us 
assume  (what  is  highly  proljable)  that  the  voniitid  and  faeal  niatt^Ts  s]>read 
the  diaease,  and  it  is  evident  why,  in  St  Jamea'  liarracks  at  Trinidad,  or  St 
Ann's  Barracks  at  Barbadoes,  men  were  dying  by  dozens,  while  at  a  little 
distance  there  waa  no  diaease.  The  prevalence  on  hojird  ship  is  as  easily 
exjilained  :  Granted  that  yellow  fever  is  once  imported  int^  the  sliip,  tlien 
tire  c*onditions  of  spread  fire  probably  as  favouml>Ie  as  in  the  most  crow^ie*! 
city  ;  planks  and  eots  get  iin|»rt^gnjited  with  the  discbarges,  which  may  even 
find  their  way  into  the  hold  and  bilge.  Xo  one  w^ho  know^s  how  difficult  it 
is  to  help  such  impregnatioii  in  the  best  hospitals  on  shore,  and  who  rcirjein- 
bt^rs  the  iin|ierfect  aniiiigeinentB  oo  board  ship  for  sickness,  ivill  doubt  thia 
Then,  in  many  ships,  indeed  in  almost  all  in  unequal  degrees,  ventilation  is 
most  imperfect,  and  the  air  is  never  cleanseil 

Overcrowding,  and  what  is  equivalent,  defective  ventOation,  is  another  great 
auxiliary  ;  and  Bone*  relates  several  striking  instances. f 

The  fjuestion  of  the  origin  of  yellow  fever  is  one  which  cannot  be  considered 
in  this  volume,  and  at  present  no  preventive  ruleg  of  importance  can  be  dra^vn 
from  the  discussion. 

The  chief  preventive  measures  for  the  external  cause  are  these  :— 

1,  The  portability  being  proved,  the  greatest  care  should  be  taken  to  prevent 
introduction,  either  by  sick  men,  or  by  men  who  have  left  an  infected  sliip. 
The  caae  of  the  **  Aniue  Marie  "  (see  **  Aitken's  Medicine,"  and  "  Report  on 
Hygiene  "  In  the  "  Army  Medical  Hejxirt "  for  1862)  has  made  it  quite  un- 
certain what  period  of  time  sliould  have  tilapsed  before  an  infecte*!  ship  am 
be  considered  safe  :  in  fact,  it  probably  ciUinot  be  safe  until  the  cargo  has  been 
discharged  and  the  ship  thoroughly  cleansed.  Btill,  it  appears,  that  if  men 
le^iving  an  affected  place  or  ship  pass  into  places  weU  ventikted  and  in  fair 
sanitary  condition,  they  seldom  carry  the  disease ;  in  other  words,  the  disease 
is  seldom  portable  by  men,  but  it  will  occur.     It  appeaiR  neceflsaryy  also,  to 

find  if  it  were  Dot  for  tbe  cotutoiit  oae  of  tha  unhappy  term  "  remittent,'*  the  ooofiiikiii  would 
not  bftvo  »o  long  prevtilfi!. 

An  tiit«t«iiUng  iiutaii  It/ipnowu  wm  mmU  by  the  French  it  Vera  Cttj*  in  ISdl.    In 

tha  $|iTtliB  the  Yomito  [  nd  then  (li»^p|»eart'd,     Boiiit;  lunutli^  afttrwi^niit,  c«jm?4  or  ft 

ditw^  .H^^Mt-r.*.i  -..  111.  ,...._.  ..  ,er  that  they  were  at  tint  Uken  to  be  UiAt  dlMaie,  but  tin  a 
dowj  were  fotmd  to  be  dearly  p&roiyimal.  and  to  yitld  U)  qv^msM^'-Rffe.  de 

Jii€$fi  l^'idS 

•  \,\:y,y,-  (rvtr.  ty  G.  F.Boha,  .\  z.  to  tbe  Forc*4. 

f  For  cXARipte,  in  th«  Mine  b*^ :  udwanl  rooni§  htve  h«n  qnite  bnaltby,  md  the 

Ttfuwanl  roonui  attacked*  Men  In  :..^  ..  .x  have  tx^ased  to  have  oaaw  of  the  dbiaae  when 
moved  to  the  former  locolily.    (See  a  good  caae  in  Bonei  op*  ctl.  p.  19.) 
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consider  that  the  incubative  period  is  longer  than  iisually  supposed,  probab!f 
often  fourteen  or  sixteen  days.     In  the  case  of  a  ship  it  seems  desdmble 
to  ci>nmde.r  dang<?r  over  until  at  least  twenty  days  have  elapsed  siiioe  the 
or  deiith  of  the  la«t  caee,  and  even  at  that  time  to  thoroughly  funiipite 
ship  with  chlorine  and  mtroua  acid  before  the  cargo  is  touchecL      Men  w\ 
ing  (jn  board  sni-h  a  ship  should  work  by  relays,  so  as  not  to  be  more  this 
an  hour  at  a  time  in  the  hold.* 

In  ca«e  men  sick  i^ith  yellow  fever  must  be  received  into  a  barmck  or 
hospital,  they  should  be  isolated,  placed  in  the  best  ventilated  rooms  at  ^ 
top  of  the  house,  if  possible,  or,  Vjett-er  still,  in  separate  houses,  and  all  dii> 
charges  mixed  with  zinc  sulphate  and  zinc  chloride,  and  separately  dispoiefi 
of,  and  not  allowed  t^  pass  into  any  closet  or  latrine. 

2,  The  intmduction  by  drinking-waters  not  being  disproved,  care  shottld 
he  taken  that  the  pfj.ssibility  of  this  mode  of  introduetion  he  not  oveHookmi 

3,  Perfect  sewerage  and  ventilation  of  any  station  would  probably  in  gniit 
measure  prewirve  frcjni  yellow  fever,  but  in  addition,  in  the  yellow  fever  mm^ 
elevati(»n  is  said  to  have  a  very  gi'eat  efiect,  though  the  confusion  between 
malarious  fi^vers  and  the  vomito  reudere  the  evidence  on  this  point  lest 
certain,  and  the  late  introduction  into  Newcastle  in  Jamaica  (4200  feet),  and 
the  frequent  occurrence  at  Xalapa  (4330  feet),  as  well  as  its  prevalence 
high  points  of  the  Andes  (9000  feet)  (A.  Smith),  show  that  the  effect  of  m< 
elevation  has  been  overrated.  8tiD,  aa  a  matter  of  precaution,  stations  in 
yellow-fevei'  districts  should  be  on  elevations  above  2000,  and  if  possible  5000 
feet 

4,  If  an  outbreak  of  yellow-fever  occur  in  a  barrack,  it  is  impossible  then 
to  attempt  any  cleansing  of  sewers ;  the  only  plan  is  to  evacuate  tho  ba]Tack& 
This  has  been  done  many  times  in  the  West  Indies  with  the  beat  effeda     Am 
a  preventive  mean  Ere,  alisQ,  evacuation  of  the  barracks,  and  encampment 
some  little  distance,  is  a  most  useful  plan.     Before  the  barrack  is  re-occupii 
every   possible   means  should   be  t^ikeu  to  cleanse   it  ;   sewers   should 
thoroughly  Hushed  ;   walls  scraped,  lime- washed,  and  fumigated  with  ni' 
acid.     If  a  barrack  cannot  be  altogether  abandoned,  the  ground-floors  should 
be  disused.    There  are  several  instances  in  which  persons  living  in  the  lo 
storey  have  been  attacked,  wlide  those  above  have  escaped 

5,  In  all  buildings  where  sick  are,  or  \vhore  yellow-fever  prevaOs,  tlw 
shoidd  he  constant  fumigation  with  nitrous  acid,  which  seems  to  he,  aa  far 
we  know,  the  best  disinfectant  for  this  disease. 

6,  If  it  appears  on  board  ship,  take  the  same  precautions  with  7«gaid  to 
evacuations,  bedding,  c^c.     Treat  all  patients  in  the  open  air  on  deck,  if 
weather  permit  ;   run  the  ship  for  a  colder  latitude  ;  land  all  the  sick  as 
as  possible,  and  cleanse  and  fumigate  the  ship. 

Intenml  Cattse. — Eecent  arrival  in  a  hot  countiy  has  been  usually  assigned 
as  a  cause,  but  the  confusion  between  true  yellow  fever  and  severe  febrici 
(ardent  fever  or  caustis)  and  malarious  fevers,  renders  it  uncertain  how  far  tl 
cause  operateat     Still,  as  a  matter  of  precaution,  the  present  plan  of  thuee  or 

•  Dr  Perry  {op.  ciL)  ronsiditrs  qujimatiiie  useless,  htkI  adviBpji  n  most  ripomui  aystem  of 
disinfectioD,  H*^  cites  eight  instances  of  tli©  introduction  of  yellofW  fever  Uirougii  a  «tlkt 
qtinrantiiie.  »eTt?ii  to  New  Orleans  ami  on©  to  Pensacola* 

t  Tn  the  oM  times  in  JmnAicA  it  was,  faowreveir,  alwnyii  iiotic«d  thnt  the  worst  ftttacks  ore nn 
in  re^raenta  dnring  the  fimt  twenty-fmir,  And  especially  the  ftrst  tweli^e  months.     In  thir 
epidemics  in  different  r*»gimentJi,  frmr  occTiriied  in  Jess  tlinn  six  months  after  landing,  m 
!eR»  than  twelve  months,  and  two  in  le«s  than  twenty-four  months.     Bat  it  has  h^MSn 
that  reHii1eu4:e  in  one  place,  though  It  may  secure  sgaiiiat  the  yellow  feTer  of  that,  does 
protect  ngaiust  the  disease  in  aiuith^T  locAlitv.    It  is  much  to  be  wished  that  all  1^ 
tiOQs  which  aljouud  in  books  should  l:ie  tested  by  figures.    That  is  the  ouly  way  of  i 
a  dcdslou. 
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four  years'  Metlitbrmnean  service  before  passing  to  tlie  Wt^t  Inilies  seems 
desimbla  I)iiferen traces  possess  the  peciiJiar habit  which  allows  the  extenml 
cause  to  act  in  very  different  degrees  ;  this  is  luiirked  in  the  cases  of  negroes 
and  mulattoBS  as  com|)ared  with  white  men,  but  even  in  the  European  natioDB 
it  has  been  supposed  that  the  northern  are  mom  subject  than  the  southern 
DAtiona     iJf  the  sexes,  women  are  said  to  be  less  liable  than  ni^n. 

This  predisposition  ia  increased  by  fatigue,*  and  it  is  said,  especially  wlien 
combined  with  exposure  to  the  sun ;  by  driiddng,  and  by  improper  food  of 
ikny  kind  which  lowers  the  ttme  of  the  body. 

No  prophylactic  medicine  is  knoxrn  ;   quinine  is  qaiUi  useless 
Little,  therefore,  can  be  done  to  avert  the  iiit^^'mal  causes,  except  care  in  not 
undergoing  grcjit  fatigue,  temperance,  and  proper  food     The  external  condi- 
tions are  the  most  importaiit  to  attend  to. 

This  disease,  which  has  attracted  much  attention  of  late  years,  appearo  to 
hear  some  relation  to  yellow  fever,  not  in  its  pathological  cbarficters,  but  in 
the  time  of  its  appearance  and  geographical  distribution.  It  ha«,  however, 
l^revailed  in  Asia,  where  yellow  fever  has  hitherto  been  unknown.  In 
Egj^pt  (according  to  Vauvray)  it  is  seen  at  the  time  of  the  (kte-harvest,  and 
is  known  as  **  date  fever."  In  other  parts  of  the  worLl  it  hit8  been  attributed 
to  vegeU'ible  emanations.  Although  its  syiiiptums  are  tbose  of  blood-poisoning, 
it  may  be  doubted  if  this  is  due  to  vegetable  emanations  only.  No  pn.'ventive 
is  known,  but  as  it  is  ac^companieii  ^vith  an  eruptiun,  it  would  probably  be 
reasonable  to  deal  with  it  as  with  other  eruptive  diseases,  such  as  measles. 

Cholera, 

External  Cause. — As  in  the  case  of  yellow  fever,  we  have  no  certain  due 
to  the  origin  of  cholera,  f  and  in  some  respects  the  propagation  of  the  diabase 
is  very  enigmatical.  The  way,  fur  example,  in  wbich  the  disease  has  spread 
over  vast  regions,  and  has  then  entirtOy  disappefirtHl^  and  the  mode  in  which 
it  seems  to  develop  and  decline  in  a  locaHty,  in  a  sort  of  regidar  order  and  at 
certain  seasons,  are  fact«  which  we  can  only  imperfectly  eaplaim 

But  as  far  as  prca^ontive  measures  are  concerned,  tbe  researches?  of  the  last 
few  years  seem  to  have  given  us  in<licati*»ns  on  whirh  we  are  bound  to 
act,  though  they  are  based  only  on  a  ^>artiiil  knuwledgf^  of  the  laws  of  spread 
of  this  poison* 

These  indications  arc* — 

1.  The  porUibility  of  the  disease,  i.«.,  the  carriage  of  cholera  fnjra  one  place 
to  another  by  f:>ersonfl  ill  with  the  disease,  both  in  tbe  earhest  sttigo  (the  mh 
called  premonitory  diarrhoea),  and  the  latter  period,  and  in  convale&eenee.§ 
The  carriage  by  healthy  persons  coming  from  infected  districts  is  not  so 
cert-aiu  [   but  there  is  some  evidence.  1|     It  is  clear  this  last  point  is  a  most 

•  Ai  i-s  EMnittent  Fever,  1840,  p,  32. 

+  Tlu  ^  of  LewU  and  of  D.  D.  CoimiiiffhAni  in  Indk,  wad  of  ISbeitli  *  of  Ziirkh,  have 

ithowu  tiiiit  iiu  qitruitic  tzrerni  bos  htetk  yet  discovered,  and  bAve  diiprtned  the  fungaid  and  other 
oripiiH  prnptmctl  by  H*lli«rt  kn, 

*  '''        '     of  counif ,  ^      '    .' '  "'  ^  ''        mmon  anturoiud  cholem,  however  mnch  it  may 
r<  -rflcioUy  tti  mi^3  a  aepimte  diieaskc. 

jrt'ct  n>  r«>i.  1  h-nce  I  know  of  b  givBn  by  Voli,  quot4.Hl  bv 

[h,      .  .1     ,v,.j,    t.v  ,.,.   ;;,.      1-1,,^  Uua  ii,  p.  22L 

I    i<      m!     11  ili.    \r,.i M<  I  .i.t breaks,  wh<*re  pArtiea  of  cool les  oomioi;  fromplacei  iv here 

'  iiiuuielv«it  beaJthy,  guvs  cholem  to  otii«r  partitMi  ni  cooIieH  w1k» 

id  no  difie«BO  ikinoqg  ttiein.     Dr  AdAnu  {Army  Medical  R«|>oft. 

;  Tit  Repoft  00  Cbotera  in  Malta,  statea,  **  Thero  ore  many  pointed 


tltni  |a 


cb- 

bArl  mrivucl 

vol.  vi.  p.  S 


*  Zur  EcnatolM  dcr  Ilacti'riilcclieu  UjlcoMin.    Van  J.  C.  IllMntfa,  1S73. 
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important  one,  in  which  it  is  desirable  to  have  more  complete  evidenca 
occasional  carriage  by  soiJed  clothes^  though  not  on  the  whole  common, 
also  evidence  m  its  favour.  All  these  points  were  affirmeil  by  the 
confoi'enees  of  1B74,  Even  Pettenkofer  admitted  that  man  is  the  earner  fl 
the  diseasi^  gt^rm,  altliough  the  local fyjj  mnj  be  the  moans  of  T^ndemi^  it 
]>otent.  On  the  otlier  hand,  I)r  J,  M,  Cuiiinf;(h!im  (Ninth  Annual  B«pfm 
of  the  Sanitary  Commissioner  ^ntb  the  Government  of  India)  makes  a  folnli 
nim  of  everythin^jT,  denies  the  transportability  of  the  disease  either  by  pecsoiv 
or  by  water,  and  says  there  is  a  mysterious  factor  still  to  l>e  sought  for*  ~^ 
evi<len€e,  however,  cannot  be  considered  as  conclusive. 

Whatever  may  bo  the  final  n pinion  on  all  these  points,  we  are  bound 
as  if  they  were  perfectly  ascertained.  It  is  usually  impossible  to  have 
quamntin<'s ;  for  nothing  short  of  absolute  non-conmiuni cation  wouldl 
useful,  and  this  is  impossible  except  in  exceptional  case^i.  For  persons 
sli;^fhtly  ill,  or  who  have  the  disease  in  them  hut  are  not  yet  apfiarc^ntly 
possibly  who  are  not  and  will  not  be  iU  at  all,  can  give  the  diseio^, 
therefore  a  selection  of  daugcTOUs  persons  cannot  be  mada  Then  ast 
incubative  stage  can  certainly  last  for  ten  or  twelve  days,  and  there  are 
good  cases  on  rec^iird  where  it  has  lasted  for  more  than  twenty,  it  is  clear 
quarantine,  unless  enforced  for  at  least  the  last  period  of  time,  nmy  be 
The  constant  evasions  also  of  the  most  strict  cordon  render  such  plans  mh 
useless.  An  island,  or  an  inland  village,  far  removed  from  commerce, 
C4ipablo  for  a  time  of  doing  without  it^  may  prjictice  quarantine  and  pro«SETt 
itstdl ;  but,  in  other  circumstances,  both  theory  and  actual  experience  ahflW 
that  quarantine  fails.* 

This  difliculty,  however,  of  carrying  out  efficient  isolation  is  no  nrgni 
against  taking  every  precaution  against  comonmication,  ami  keejifng  a  si 
watch  and  control  over  every  possible  channel  of  introduction.     In  thi» 
by  isolation  of  the  individual,  or  of  bodies  of  men,  as  far  as  jiossible,  and! 
looking  out  for  and  dealing  with  the  eArlie.«it  case,  an  outbreak  may  perl 
be  checked,  espHUally  liy  discovering  the  diarrh<real  attjxcks,  and   by 
disinfectants  both  to  the  discharges  and  to  linen,  f     In  the  case  of 
coming  from  infected  districts,  they  shoulii  be  kept  in  separate  l>uilding»! 
twenty  days,  and  ordeivd  to  use  only  the  latrines  attached  to  them,  in  \  " 
diflinfectiints  should  be  freely  used 

2.  The  introduction  of  the  disease  into  any  place  by  persons  is  eonsii 
by  most  observers  to  be  connected  with  the  choleraic  discharges,  either 
newly  passed,  or,  according  to  some,  when  decomposing.    The  reas<:>ns  for  tliil 
are  briefly  the^e  :   the  portability  being  certain,  the  thing  carried  is 
likely  to  be  in  tbe  discharges  fnjm  the  stomach  and  bowels  than  from  the 

fiictu  to  show  that  chnkm  may  bo  mtrodaoed  and  commuDiCfttBd  to  susceptible 
beaUTiy  indiviiUmlfi  from  infertetl  di»tricta,'* 

*  When  drcuiniitaiice-i  nre  favoiimhlo  (as  respfrets  tnule  and  inlercoiirsey,  hnwcver, 
fltiarnntine  raay  bt^  successful  even  on  the  mainland.     This  wti^  ^hown  in  Algerin  in 
Sett  Dr  Dukerley's  Notice  sur  1«b  Mesures  i!e  Pr^:<>erration  jirheh  h  Bftina  <A]gi^ri«y  pgni 
CholiTA  Tie  18€7,  PaH«t,  TS68,  for  a  very  inter^j^tin^  nccouut  ol'  t]ir>j)«  sticeeasfil  m«MWPM«ff 
which  strict  isolation  and  coTistant  hvfrienic  tneii;aut-e(i  were  the  princjpaK    So  a)  \      r(«ft 

l)r  Woodward  states  ^Circular  on  Cholera,  Ko.  6,  Surgeon -Qenerars  Office,  Wns  ^r^f 

that  "Hhe  general  tenor  of  Amir  eiperiencti  i»  strongly  in  favour  of  oa&rantine         ,  .nm 

on  liind  wa»  cnndemned  by  the  Vienna  Conference,  hut  reeoinneniliMl  on  the  hml  Sett  ttUil  lfa« 
Caspian.  In  Enrope,  hovreyer,  only  ritrorous  inspection  was  reconunfiuded,  with  %*axjoiib  ndM 
for  preventinp  spread  as  much  as  possihle, 

+  1  lie  Iniltun  (Jovemment  are  no^w:  cautiously  attempting  to  limit  tht^  spr<>jid  of  cbotera^f 

miperintendiiiR'  and  controlling  the  pilfjriinaii^^,  wlii'-h  .iro  *o  eoniinon  a  cause  of  the  a] ^^* 

cholera  in  India.  The  report  uf  the  Cholyra  Comniittt*e  H"spector  (reneral  MHckunt' 
Hilva,  aT](l  Dr  liankitiK)  to  the  Msdriut  Government,  piihlishe*!  at  Madnis  in  1S68,  gi' 
deal  of  important  evidence  on  thia  point,  and  in  a<l«lition  lays  down  exceUeiit  ruJi 
tnauogenicnt  of  pilgrintages. 
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tireath  (the  urine  is  out  of  the  question),  and  for  t}iese  reasons  :  Water 
eonimuiiicate  tlie  disease,  ami  this  could  oiily  be  by  contamination  with 
discharges  ;  water  c:ontaiiiinat4?:d  by  discharges  has  actually  given  the 
e,  as  in  Dr  Jffa^mamara  s  case^  ;  in  some  cases  a  sin^^ularly  local  origin 
n^veil^  and  this  is  nearly  always  a  latrine,  sewer,  or  receptacle  of  discharges, 
►  soil  impre^aiated  with  choleraic  evacuations  ;  soiled  linen  has  sometimes 
iven  it,  ami  this  ia  far  more  likely  t^  bo  from  dischargos  than  from  the  per* 
lapiratioii  ;  animals  (white  mice  and  rahbits)  have  had  cholera  produced  in 
itbem  from  feeding  on  the  dried  discharges.  Finally,  in  the  history  of  the 
portability  of  choleiu,  there  am  many  instances  in  which,  while  there  has  been 
jdecided  introduction  by  a  disejised  person  into  a  place,  thei-e  has  been  no  im- 
mediate relation  between  that  person  and  the  next  case  ;  in  other  words,  the 
I  cause  must  lx>  completely  ilefcachahle  from  the  first  case,  and  must  \m  able  to 
jAct  at  a  distance  from  his  body  ;  it  is  then-fora  far  mi>r»2>  pr<jbalile  that  the 
[discharges  are  this  carrying  agency,  than  that  any  elUuvia  should  pass  oil'  from 
\  lungs  and  skin  which  could  spre4id  to  a  great  distances 

ough  has  been  said  to  show  that  the  discharges  must  receive?  tho  most 

ful  attention.     Every  diseli;irge  ought  to  be  disinfected  with  strong  sub- 

kic<?s  liberally  used  ;   the  best  are  cjn-holic  acid  (in  large  quantity),  jKer- 

Dride  of  iron,  chloriile  of  zuic,  chloride  of  lime,  or,  if  none  of  the^^e  are  at 

good  iiuicklime(3ee  Disinfectants).     Although  the  results  of  disinfec* 

,  of  the  discharges  have  not  hitherto  beif  n  encouraging,  the  plan  has  seldom 

completely  trieth     All  latrines  should  he  disinfected,  sewers  flushed, 

^ic  acid  potu'ed  down  them,  iind  every  means  taken  to  keep  them  venti- 

tit  should  be  done  with  the  disinfected  discharges  1  Shoidd  they  b© 
to  pass  into  sewers,  or  biiried  in  the  ground  1  They  must  in  some 
he  got  rid  of.  Sewers  certainly  afforii  an  easy  mode  of  disposing  of 
em  ;  and  as  the  diHrharge-s  are  mixed  with  much  water,  and  ai-e  raindly 
rwrept  away  in  them,  and  as  the  temperature  of  the  sewers  is  low,  and 
dtM*omjK:»sition  is  delExyed,  it  is  ijuite  possible  that  sewers  may  be  a  moans  of 
freeing  a  town  from  choleraic  di^^chai^^t^s  more  easily  than  any  cither  plan. 
And  it  api>ears  to  be  a  fact,  tliat  in  the  well-sewered  towns  in  England  the 
cholera  of  1865  and  1866  never  attained  any  ^iide  spnmd.  In  large  to^vus, 
I  also,  then^  are  no  other  means  of  disposing  of  the  discharges.  But  may  not 
[eewers  be  a  means  of  (Jissemiuation,*  and  tiuii*,  as  in  some  outbreaks  of  ent-(?ric 
llever,  be  a  source  of  danger  1  Ami  agfiin,  when  sewerage  is  poiut'd  over  hmd, 
tma  it  will  lie  soon  tlii-oughout  all  England,  are  we  quite  sure  that  no  choleraic 
joffluvia  ^^11  pass  off,  or  that  tlie  choleraic  particles  jnv^ing  into  the  grounci 
IDay  not  tlevelop  there,  as  Pettcnki>fer  suppn  >ses  is  the  c^ise  1  I  kncjw  of  no 
ifacts  to  enable  us  to  decide,  an<l  I  do  not  think  we  ought  at  prc'sent  tfi  form 
■H  opinion  on  the  probahility  of  mischief  arising  in  this  way,  but  it  should, 
H[aiiy  rate,  make  us  still  more  urgent  in  the  use  of  disinfectiints  to  all 
H|eharges. 

^^Again,  as  to  disposal  in  the  earth,  if  Pettenkofer  is  correct,  a  loose  moist 
feortli  is  the  place  whem  the  supposed  germ  of  cholera  acquires  itvS  power. 
The  last  place  wo  should  put  a  choh^raic  discharge  %vouId  be  the  earth  ;  and 
[there  woidd  be  even  an  argument  against  the  use  of  the  earth  plan  of  dealing 
^ith  sewage.  StUl,  as  there  is  much  to  be  said  against  Pettenkofer's  views, 
and  as  in  small  towTis  and  villages  thei-e  is  only  the  alternative  of  allowing 
rilie  disclmiTges  to  pass  into  cesspools  or  streams,  or  to  be  disposed  of  in  the 

r    •  Tliat  these  may  be  &i\  in  a  particular  wny,  I  bave  renderpd  wobnblo  in  iiiy  Ufpoi  t  ou 
"  oleri  in  Hontbumpton  (Sixth  lU'pnrt  of  tbt*  Medical  Otiicer  to  the  t*rivy  Couac\l,Tj.*i&VV» 
;  iiiiU  there  bt  very  little  evidciict'  ou  thk  poiiiL 
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earthy  I  think  the  safot  miirm  ia  to  deeply  bnry  aU  dlmnfectcd 

care  Iveing  taken  to  jilnce  thi'iu  at  a  distance  from  bouses  and  from  donitcv  of 

irati?r  supply. 

That  linen  and  btwlding  should  be  carefully  disinfected,  needs  no  argmnait 
(see  chapter  on  Disinfection).  In  some  English  towns  all  cliol<«a  cloUiiQl 
baa  been  burnt,  but  whether  this  measuna  is  neceeaaiy  or  not  is  nnc^rtaift 
But  thorough  stet/]  >ing  ami  boiling  before  w^a&hing  is  essential,  as  waaherwoma 
have  certainly  sutfereii  in  many  crises, 

3.  The  intKidnctioii  uf  tliii-  aj^unt  by  the  inedinm  of  the  air  is  gifDenlh 
admitttMlj  on  the  plea  that  caae«  (x-cur  in  whieh  any  other  mode  of  entnmcQil 
inipo^ailjle.  It  ia  ali^o  held  by  gome  that,  existing  in  the  air  it  can  be  t-a^H 
for  great  distjinces  !iy  winds  ;  and  some  otiservers  indeefi  believt*  this  to  bfl 
usual  mode  of  tmnait,  though  this  opinion  ap|j€ara  to  me  opposed  to  allS 
know  of  its  spix?ad,  H 

Without  attempting  to  decide  the  |Kiint  or  to  state  the  limits  of  the  ti^| 
mission,  it  is  a  matter  of  prudence  to  act  as  if  the  winds  did  carry  the  poiiV 
The  Indian  rule  Ib  to  march  at  right  angles  to  the  wind,  and  never  agninst  li 
or  with  it  if  it  can  be  avoitled.  The  sf treading  by  Iht;  winds  in  India ^ 
been  usnally  asenbed  to  the  castom  of  throwing  all  the  cholem  evtLCuatiQi^H 
the  ground ;  there  they  get  dried,  and  then  ai-e  liftnl  by  the  wind  anJH^H 
to  other  i>ails.  This  seems  probable,  btit  no  decideil  prouf  has  Ix'^qH^H 
and  an  argument  against  it  may  he  raised  on  the  liilliculty  of  accounS^H 
the  immunity  of  adjacent  plar^es  if  such  transmission  were  ci>nmioru  So  tfH 
the  u»e  of  aerial  disinfectants  in  cholera  is  rendered  inijK'mtive  by  the  choH 
that  the  cause  may  be  in  the  air.  The  Vienna  Conference  aftirnied  t]^| 
mission  by  the  air,  but  only  to  a  short  distance,  and  never  faster  than  ^H 
travels.  They  also  KJCognisc*fl  the  great  safc^gunnl  atfonled  by  deserts^  ^^1 
disease  has  never  been  known  to  be  imjKirtcd  into  Eygpt  or  Syrin  acraas  |H 
desert  by  caravans  from  Mecca.*  ^^ 

4.  The  occasional,  perhaps  frequent-,  introduction  by  water  aeAme  OiftaUL 
It  was  unanimously  attirnied  at  the  Vienna  Conference,  even  by  P«f*tt««nkQ^I 
It  is  a  good  plan  always  to  change  the  source  of  supply,  to  use  ruiu  wati^| 
no  other  fn^nh  souire  is  pn>curable  ;  and  in  every  case  to  Ixiil,  and  ^| 
through  animal  charcoal,  and  to  use  also  potassium  i>emianganntcu+  ^1 
remains  yet  nueerlain  whetlier  a  water  which  gives  cholera  is  atwin 
i'hemically  impun^  or  whether  the  choleraic  matter  may  Ix*  in  so  «>»Ali|a 
quantity  as  to  be  absolutely  indetectable.  In  the  two  i-ases  I  have  exam^l 
in  which  the  water  was  the  cause,  it  was  liighly  impure.  In  India  it  is  1^| 
unlered  that  all  the  water  shoidd  he  boiled     (G.  U.  C.  C,  !No.  192,  Vl^M 

5.  The  introduction  by  fcKxl  has  been  noted  in  some  ca^e^s  (althoiigh^l 
Vienna  Conference  decided^  by  1 1  to  7,  that  present  facts  do  not  wu^^| 

*  On  tliift  point  the  htstory  of  Chili  h  intercfitif            '    '       '                       '  •  il^^H 

aeriaraUul  on  tbt*  north  from  Peru  bj  the  desert  "i  ;;tio  ^H 

reiieration  on  the  ^n^i  l^y  tho  Andes  range,  to  whirl i                                                 .  liiuito^B 

epidtjniic  diaeast'a  hsm  iMji-n  ftH<?rilM»cl  by  the  inbabitiini^.  ^H 

t  In  the  very  nblt-  fU'inart  on  Epi|leniJC  Chokra  in  tJie  United  States  Arwiv  ^OirrniUr  S4^t 

War  Department ;  Surgeon-GenfnirH  Ottitej  Wasljiiiptow),  in  whikiaftpevy^l   '  ^^1 

of  the  effetTt  of  ciuinKiiiff  the  supply.     At  Xew  (.irlennw  rain,  and  in  some  ^  i^M 

wnA  gnppbod  in«U'«i1  nf  rlvpr  water,  with  the  apparent  effect  of  chuck injfth      -  ,i .  ~^i^| 

Bee  aIao  tbe  caees  of  Utnx^lrt  ami  ttott«rcl«iii,  m.  raporteti  by  Buys- Ballot.         '  '       ^^| 

Z  Fdrstef  of  Brefllan  |l)i«  Verbreitiing  der  Cholem  dnn^h  die  Brnnneii,  }$^T&\  un?M  t«iyii^^^| 

TnrndatioTi  8  which  be  th  ink*  will  previfiit  cholera  in  the  fT*    -      '*    T       '*  ^H 

if  at  gixtat  cost,  nimndant  and  pure  WMter,  as  ind^MMl  wuft  <'  «^| 

«^r»  than  now,    2d,  Protect  the  prround  from  loutjuntiiiaii  ^B 

linni^h  atl  r(y(<<pit«.     Th#  cmiincl  niubt  be  Ab0uhit«1y  pure,  nud  iii^  ciui  only  b«  ||  ^uk  I 
matter  w  removed  to  a  diAtaoc^, 
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^Bision).  Every  arti<.'le  of  fo«xl,  solid  auti  liquid,  sUould  tben-^fore  be  paasod 
^Ba^view,  and  tho  cooking  nrrangements  t^jono  over  step  by  ak«p.* 
^B.  The  lut^alisation  of  cholera  is  a  maiked  feature  io  its  history»t  It  is 
^■fiu  as  mrtrked  ns  in  yeDow  fever,  and  may  be  conMned  to  a  very  small  area* 
^H  other  times,  iti  India,  the  *' tainted  district"  nmy  be  of  some  extent 
^K>m  this*  fact  of  Incaliwition  arises  the  iraiJortaat  rule  of  always  leaving  tho 
^Bility  when  practictibh%  and  in  a  larj^e  town  of  clearinji:  out  the  ht>uso  where 
^Blera  hfvs  hafiixmed-  lu  India  the  present  rule  is  to  nmndi  the  men  and 
^fcanip  in  a  healthy  spot  at  some  little  distane^!,  ehan^dng  the  eucanipmg 
^ftund  fri>m  time  to  time.  On  the  whule,  this  has  acted  well,  and  should  ha 
^■ieri<d  to,  though  occasionaOy  it  has  failed,  generaOy,  however,  I  believe, 
^■tu  error  in  choice  of  locality.  The  men  shonld  be  tented  ;  tho  tt*nts  ahouJd 
^B  well  ventilated,  und  often  struck  and  repitehed  ;  an  elevated  spot  shoidd  he 
^■6BCR,  and  damp  and  low  soils  and  river  banks  avoided,  Ordei-s  lay  down 
^Bh  precision  the  exact  steps  to  bo  taken  by  a  regiment  when  cholem 
^■eatens.!  This  rule  of  murehini^  out  miist.,  of  course,  be  subject  tf3  some 
^Beptions.  It  hae  been  tuivisetl  that  it  should  not  he  done  in  the  rainy  season 
^pindiiL  Tliis  must  depend  on  the  locality.  I  have  heen  informtd  that  it 
^Kb  ftoinetimea  answered  well,  even  in  heavy  rains ;  but  in  other  cuises  tho 
^H&8  may  \m  too  heavy.  No  absohito  rule  can  be  laid  down  ;  but  the  circiuu- 
^■tieifs  which  are  aUowed  to  set  aside  the  grand  rule  of  evacuation  of  a  tainted 
^Bce  should  be  nnequivcK^ 

^■In  connect  if  <n  with  change  of  IcHsality,  the  opinions  of  Pettenkofer  should 
^B  borne  in  mind.  I'ettenkofer  believes  that,  of  all  conditions,  the  effect  of 
^K  is  the  most  impirtant  It  is  necessary,  then,  to  consider  particidiuly  tho 
^pinre  of  the  soil  where  the  fresh  crimps  itre  to  be  placed,  and  to  select  the 
^■rfectly  Ary  and,  if  ywissihle,  pure,  impermeable^  uncontaminated  soils,  and  to 
^Keveut  the  eholera  discharges  from  percolating  thri>n*^h  the  ground, 
B_7.  ^len  sick  from  cholera  are  also  best  treated  in  well-ventilated  tents, 
Bbenever  the  season  admits  of  it.  Even  in  cold  countries,  up  to  the  end  of 
Hctober  or  the  mid  tile  of  November,  if'uts  can  ha  used  if  properly  wanned. 
B^  India  it  should  l>o  a  rule  to  treat  every  cholera  patient  in  a  tent,  as  far  as 
^bcuiiijiitanccfl  permit  it. 

^m  Intt^ffjt!  Can^eii. — General  feeblenes«  of  health  gives  no  predisposition,  nor 
^Pl^bust  health  a  safeguard ;  some  even  have  thought  that  the  strongest  men 
^Klier  most  Great  fatigiie,  and  especially  if  continued  from  day  to  day, 
Heatly  predisposes  ;  of  thii*  there  seems  no  doubig  No  c^^rtain  iniluence  has 
^■1  been  traced  to  diet,  filthough  it  has  been  supposed  that  a  vegetable  diet 
^pd  alkalinity  of  the  intestinal  contents  may  prodiei>oae.     It  doea  not  api>ear 

^P  86e  Dr  Ftirweather't  Delhi  case  in  the  Sunitary  Report  of  tUe  Punjab  fc*r  1871  ?  also 
^Hftto  in  mj  Report  on  Bvgi«ne,  io  the  Army  MtxiioLl  llepurt«  vol.  xiLl  (IS/ III, 
^p^  Snrgeon  P.  Cullei)  (loiluuL  Medical  Gosotte,  l»t  July  liiJ'd},  uotLoes  a  very  ulugalar  csji« 
■tiDCftliutioti  at  Etarei. 

^U  Tbe  on1«r  in  Iti<lia  in,  if  a  single  can  occur  in  a  tj^arrack,  to  vacate  that  part  of  the  bar- 
Bikj  ami  to  encamp  the  men  ia  the  caatnnment.  Xf  a  seooml  case  occur  among  lh«  body 
^■men  thtiB  rctiioved^  thfsy  are  ^atn  moved,  and  the  bnildinj^  or  lent  i^  vacated  and  puhlkMU 
H|»  thitd  caae  occur  in  tliia  body  of  men  within  a  week,  they  are  removed  to  the  preparatory 
^fep. 

^»Biiii'lincrs  Aiu  purified  by  scrapinc:  fnid  wa«hinf?  walls  with  hot  cao^c  limewash ;  boiling 

Hdi  >■<,  ro[»e§,  curtaiuit,  &c>.  and  uam^  chloriiiie  of  lime  or  other  dbitifectantp     Tt^nta 

Hrt  V  beiiiK  fumigated  with  either  cblorintj,  nitrous  acid,  or  aul|ihurous  iw^id,  and  then 

^IprKfii  t*>  tfie  weather  for  ten  *kys.     Railway  carHa^^  after  occupation  by  trcopA  carrying 

diolera,  are  purified  by  wusbini;  w  ith  bijiilini?  water  containing  in  <each  gallon  a  winegl&asful  uIl 

carV>lic  aclA,  and  burning  sulphur  in  the  closed  duriages  for  two  honra*     If  troops  are 

y  rail,  they  aie  not  to  na©  ktrinee,  but  trcnclicw  are  to  be  dug  lor  them  (G.  0,  C.  C.)^ 

^   I  iterp  ar©  many  fnprtanccs  of  the  effects  of  long  marclies.    See  Orton,  Lorixoer,  and  TBoni 
quoted  in  Bdt.  and  For.  M&L  Chir.  Rav,,  July  la4S,  pp«  85-&7« 
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that  insulRcieiit  diet  has  any  great  effect,  though  there  w  some  slight  evidence 
that  scurry  incieaaee  the  mortality,  and  perhajjs  the  predispositioiL*  Tlie 
etricteat  temperance  does  not  jn-eserve  frcim  attacks  ;  but  every  one  agrees  that 
Bpirits  are  no  protection,  and  that  debauchery  increi3BaH  liability. 

1  >f  pre-exiating  di^e^ise^,  it  has  bwen  auppotied  that  cardiac  affections  and 
pulmonary  enipliysema  predispose  ;  the  evidence  ia  very  unsatisfactory*  If 
Beale's  obsBrvationa  be  correct,  post-mortem  examinations  often  ahow  pn^vious 
affection  of  the  villi  and  mucous  membranes  of  the  intestinee  generally  ;  but 
it  is  very  de^^irahle  there  shoidd  l>e  more  proof  of  this, 

iJiarrhoja  predisposes,  and  any  causes  which  le^d  to  diarrhoea,  especially 
impure  water,  dietetic  errors,  d'c,  should  he  carefully  looked  aft4?n 

With  regtird  to  pnjphy lactic  nieasurea  (except  in  respect  to  proper  diet,  free 
ventdation,  and  jjure  isatt^r)  notliing  has  been  yuL  made  out     Quinine  has 
been  I'ccomraeiided,  and  ahouJd  ctjrtainly  be  givetLj  especially  in  malajious 
countries,  as   it   is   a  fact   that  the  cholcmic  poison  and  malaria  may  ao  " 
together,  and  even  give  a  slight  periodical  chaimitar  to  choleraic  attacks,  whie' 
is  never  seen  in  non-malaiiouB  district's,  and  is  therefore  merely  grafted  on 
cholera.     Peppers,  apices,  ^c,  liave  been  useil ;   but  I  am  not  aware  of  any 
good  evidence.     All  diarrhcea  should  bo  inmiediat^^lj  checked,  and  this  is 
well  known  to  bo  the  most  importjint  point  connectc'il  with  the  prevention 
the  internal  causes.     The  uni vernal  order  in  India  is,  that  any  man  goin 
twice  in  one  day  to  the  latrine  should  report  himself ;  and  non-commissione 
officers  are  usually  stationeii  at  the  latrines  to  watch  the  mem     Tl^e  reason  • 
this  rule  should  Im  fidly  explained  to  the  men.     In  two  attacks  of  cholera  i 
India,  I  found  it  almost  impossible  to   f^et  the  men  to  report  themselvt 
properly  ;   the  slight  diarrhoea  of  early  cholera  is  so  painless  that  they  think" 
nothing  of  itf     In  England  and  Germany  house  to  liouiie  mitationhas  been 
found  very  useful  |  ^H 

Typkm  Exnnfhematicm  (SprdfefJ  Tijpht-s),  ^i 

Esdem^  Cause. — An  animal  poison,  origin  unknuM^n,  but  communicable 
from  person  to  person,  probably  through  the  excr^titms  of  the  skin  and  limgs 
floating  in  the  air.  Not  known  Uj  he  communicated  by  w^att^r  or  food.  Its 
ipread  and  its  fatality  are  endently  connected  with  overcrowding  and  debility 

*  For  ftome  evidence  as  to  acunry,  nee  PeArce  and  Sliaw  on  the  Cbolera  of  the  Jail  At  Oalii 
— MitdroM  Medical  Jmtmal,  July  1803. 

t  I  bave  Uken  several  pointa  from  Mr  Dickinaon's  useful  littln  jittni|)hlet  on  the  Hygiene 
rndinn  Choi  en,  16^>3 

X  CJreat  importance  hoar  l>eeu  attached  to  the  meteorological  condition  attending  outbrcAj 
of  eholern  ;  they  do  not  appear  to  be  very  important,  exoc|>t  in  two  or  tlii-et^  cjises. 

1,  Ttrnptraturt. — A  higli  t^jniperature  favourM  the  apreid  by  incTuaaing  tb«  pntrefactioti 
the  stools^  and  hy  augmenting  generally  the  imimrity  ol  tbe  air.     When  cholera  han  prevail 
at  a  low  temperature  (it  has  oeen  severe  at  a  temiieratui-e  below  freeting),  the  driiikiug  w 
haa  possibly  been  the  canae. 

2.  PrtMUTt  him  no  elTect.  The  old  ohflervation  of  Front,  that  the  air  ia  heavier  m  cbolem 
epldemicSi  has  never  been  conllrmecL 

8.  Moisture  in  Air. — Conibiue<i  with  heat,  this  seems  an  acceasory  eamw  of  importUMW  pro- 
bably by  aiding  tranamisaiom  Moiaturti  in  the  ground,  combined  with  heat  of  the  aoHf  hit 
alwaya  oeen  recognised  aa  an  aiding  canM  ot  great  importance. 

A,  Bi^ntss  of  Air  aeeme  daddedly  to  check  it. 

5   Rain  sometimes  AU^«nt«,  BODietimea  cbecka  it.     Thi»,  perhaps,  depends  on  tbe 
Cit  rain,  and  on  whether  it  renders  the  drinking  water  more  or  \vm  pure.     A  very  heavy 
a  great  purifier. 

0.  ilo^ein«nfq/'j4i>.— It  is  certainly  wont  in  the  stagnant  atmospheres,  as  in  the 
all  the  specific  poij«onf<. 

7.  Sl^eiricity  is  not  known  to  have  any  effect.    This  was  particularly  examined  by  Mr  LamoEDt 
in  Mnnichj  one  of  the  must  celebrated  physical  pkilosopnets  of  our  time^  hut  with  eutirel 
negative  results. 

8«  Omom  has  no  effect,  either  in  its  presence  or  absence.    (SchultzOi  Vciltotine,  Be  Wcthi 
Lamonty  BtrambiO|  Wunderlicb.) 
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Erom  deficient   fooil.     That  it  can  be  pruduced  hj  overcrowding 
*^iayet  uucerUirL*     The  preventive  measurea  may  be  tbiis  Bhortly  suuiuii-d 
: — A<lopt  isolatiunf  of  patienN  ;  use  the  freest  ventilation  (5000  to  6000 
t)ic  feet  per  head  per  hour*  or  more)  ;  evolve  nitrous  aciil  and  clilorine  fumes  ; 
^roughly  fomigate  with  sidphuroua  aeid^  heat  (to  2iO^  Ftihr.),J  wash,  and 
to  air  all  bedding  (intduding  mattrtisse^)  and  cloth ea     This  last  |x>int 
extremely  importanL     In  fact,  it  may  be  said  that^  for  the  pmvention  as 
^rell  as  iroatment  of  typhus,  the  cai"<llnal  measures  are  ahundanc«  of  jmre  air 
puiij  waten     Whenever  practicable,  ti'eat  all  tvphus  patients  in  tents,  or 
Klen  hnis  with  badly -joined  walls,  not  in  hospitals,     Fumi^^t*?  t4*nts  and 
ajie  and  liinewash  huta^  antl  remove  earth  from  time  to  time  from  the  tioors. 
ilimil>er  of  typhus  patients?  shoidd  never  be  aggregatt^d  ;  they  must  be 
ersed  ;  and  if  cases  bc^gin  to  spn/ad  in  an  hospital,  clear  the  ward,  and 
if  the  disease  continues,  the  hospital  itself  ;  then  wash  with  chloride  of 
Qe,  and  then  limewsish  or  scrape  walla  and  tloors,  and  thoroughly  fumigate 
nitrous  acid.     It  has  been  often  shown  that  even  exiJOBurc  to  weather, 
diet,  and  insufficient  attendance,  arc  less  dangerous  to  the  patientiS  than 
►.tl^regatiiin  of  eases  of  typhus  (see  esjiecially  p.  353). 

rrtfJ  Qiiises,' — A  special  condition  of  body  is  necessary,  as  in  the  case 

llpox,  and  one  attack  protects  to  a  grt^t  extent  from  another.     The 

of  the  internal  condition  is  unknown  ;  but  general  feeldeness  from  liad 

overwi^rk,  t- xliaustion,  and  especially  the  scorbutic  taint,  greatly  iDcrc^ise 

intensity  of  the  disease  in  the  individual,  and  perhaps  aid  its  spread. 

I  conditions,  then,  must  be  avoided.     But  the  strongest  and  best  hetdth 

I  guarantee  against  an  attack  of  typhua 

Buito  or  Orieftial  Fiaffiie  (Ptiii  Plague  in  l7idia),% 

^The  preventive  measures  should  he  the  same  as  in  typhus,  to  which  this 
shows  great  analogy.     The  liistory  of  the  plague  at  Cairo  (from  which 

[has  been  now  banished  for  many  years,  simply  by  improving  the  ventilation 
the  city),[l  and  the  disappeamnce,  after  sanitary  improvements,  of  the  Pali 
plague  in  India,  and  its  recurrence  on  the  cessation  of  jjreventive  measures, 
«how  that,  Uke  typhus,  the  bubo  plague  is  easily  prevcntible.  Elevation,  as 
in  ao  many  other  specihc  diseases,  has  a  considemble  eiTect ;  the  vOlage  of 
Alum  Dagh,  near  Constantinople  (1640  feet  above  the  sea),  and  freely 
ventilated,  hm  never  been  attacke^l ;  the  elevattMl  citadel  of  Cairo  has 
geoerally  been  spio^ed ;  and  when  Barcelona  was  attacked,  the  elevated  citadel 
aboeecapad, 

*  I>afiiig  iba  French  wttr  of  1870|  dthougk  there  was  much  crowdiitg,  wretcbadsesa^  and 
roiicry  in  Piuia,  and  Tmrtieularly  in  Metz,  thfre  wan  Ijut  little  typhiu ;  it  was  notMug  like  iba 
saiouDt  in  the  first  Nitpoleoti'^  time  (Grelioia,  Hktoire  MMlcjue  du  blocus  de  Mats,  1873, 
(Siaiiflatdf  Acad^jnie  de  MMiL-me.) 

f  By  the  term  isolation,  I  imply  the  placing  a  pati^ut  in  a  separato  btiildiiig,  not  in  another 
room  In  the  same  building  ;  in  ihv!  oAjie  of  KiiiulliHtx,  typhus^  and  icarltt  fever,  thia  partial  isola- 
tian,  t>iough  sometimen  BucceNsful,  caunot  ha  dtpemied  upon.  If  a  room  aiiwt  ne  chcwen  m 
the  same  iHDUldingf  choose  the  top  story,  if  a  room  C4in  be  tJitire  found. 

^  Thia  temperature  is  mrbftpn  higher  than  necessary  :  recent  experiments  have  shown  that 
tluare  is  great  diiuf^er  of  ( liurring  at  so  high  a  temperature. 

§  The  Pali  plngat-  {Malia  Murree),  which  was  moat  common  in  Eaj.pootJintt,  was  evidently 
piropagated  by  tbtj  filthy  liabita  of  the  Inhabitants  {wo  Ranken  and  othem),  and  wa^n  i^ome  yLvtrs 
Mgo  almost  entirely  got  rid  of  by  &nnitary  tneajmres.  Stibsbquetitly,  these  were  neglected,  and 
the  diaeaae  retunuHi.  It  is  now,  1  Iwlieve,  again  greatlT  les.sened.  Hii-sich  has  pointed  ont 
that  the  Pali  plagne  dJfferH  fnmi  the  E^ypti;iu  plagne,  in  having  &  marked  lung  dii^eajie,  and  in 
ttm  it  reaembleii  the  black  death  In  the  fourteenth  centnr^',  with  which  Hirsch^  In  factj  con- 
oid l^n^  it  identical. 

rum,  in  Pappenlieim'a  Beitriig^  1862-Si  p,  SO,     The  measures  ado|>ted  in  Cairo  were 

^;  Boine  billockes,  which  stopped  tbe  air  from  blowing  over  the  aity,  filing  up  some 

niar^ue^,  and  aciotriing  a  better  moae  of  burial,    Tbe  peculiar  Mpiiltnre  cuHtoma  of  th«  Co^^ 

Ikave  indc4^d  eifen  oeeii  aaaigDed  a»  the  sole  oaiue  of  the  origin  of  pl&{^ue. 


I 


I 
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Typhoid  or  Enteric  Fever, 

Ejdenial  Cause. — A  poison  of  animal  origin ;  one  mod©  of  propagali' 
hy  the  intestinal  discharges  of  persons  sick  of  the  disease  ;  other  m< 
origin  and  transmission  are  not  disproved.  There  is  doul)tles8  a  freql 
transmi&algn  of  tbct  disease  by  the  diarrhoea  of  mild  cases  which  are  oftea 
di  igno8e(L  Therij  is  Bome  eviilence  tliat  jiersons  considered  convalescent 
ctirry  the  disease,*  but  it  is  possible  that  this  may  hiive  lieen  owing  to  ' 
washed  elothas.  The  raode  of  entrance  into  the  Inxly  is  both  by  air 
water.  (8ee  pages  47  and  127).)  Entrance  by  food  (milk)  has  be^i  Mij 
also  provetL  As  means  of  arresting  the  disease,  isolate  the  paticuts  ;  rooetn 
all  evacuatinua  (fieees  and  urine)  into  the  vessels  strictly  kept  for  one  sid 
person ;  place  '/inc  chloride,  or  ferrous  sidplmte,  or  carbolic  acid,  A'c.^  in 
vessels ;  never  eEi|ity  any  evacuation  into  a  closet^  sewer,  or  cesspool ;  bi 
several  feet  deep*  and  mix  it  well  with  earth.  Fumigate,  and  h*5at  to  2 
Fahr.,  all  clotlit^s  and  bedding.  Use  nitrous  acid  fumes  in  the  wards, 
means  of  prevention,  attend  espcr  ially  to  the  purity  of  the  drinking 
and  to  the  diHj>osiil  uf  sewage ;  although  the  origin  of  typhoid  merely 
putrefying  uon-typlioid  sewage  is  not  considered  at  present  to  be  probable^ 
is  not  disprovetl,  tmA  it  is  certain  tliat  the  lUsiease  may  spread  by  the 
of  sewera  and  faecjd  decomjwsition,  A  single  case  of  typhoid  fever  shoii 
oncti  be  held  to  prove  that  ftome  thing  is  wrong  with  the  mode  of  getting 
of  the  excretions.  If  neither  water  nor  sewera  can  be  proved  to  bo  in 
csonsider  the  milk  and  other  food  supply. 

Internal  Cumcs,^A^  a  first  attack  pres*3rvee  in  a  great  measure  froi 
second,  a  peculiar  condition  of  body  is  as  essential  as  in  smallpox  ;  and  IcriI 
to  the  special  elfect  jimduced  on  Peyer's  patchejs,  and  to  the  fact  that  at 
period  of  life  when  thi^se  patches  naturally  degenerate,  the  susceptibiiit; 
typhuivl  fever  matiTially  lesaeuts,  or  even  ceasei^  it  seems  possilde   that 
iuternal  cause  or  neccsrwiry  secoHil  condition  is  the  existence  of  these  pal 
the  structures  in  wliich  are  brought  into  an  abnormal  state  of  activity  by 
direct  or  indin^ct action  of  the  poLson  uii  ihem.     The  other  internal  causes  ai^ 
anything  which   causes  gastrointestinal  disorder,  such  as  bad   watez;  aiid 
general  fecblenesBL 

Rt'lapsimj  Fever^ 

Xo  preventive  measures  have  been  yet  jxiinted  out,  to  my  knowli 
but  the  occurrent^e  of  the  disease  in  times  of  fimiine  seems  to  indicalAS  that 
feebleness  and  inanition  are  necessary  internal  causes. 

Bilious  Rmnitteni  Fevers. 

Under  this  vague  term^  a  disease  or  diseases,  which  in  many  pointa  i 
relajising  fe\'er,  but  yet  are  not  identical  (Marston),   have  lieen  descr 
occuning  cspeciully  in  Egypt  (Griesinger),  and  in  the  Levant  generally. 
has  been  lately  dt'scrib(Ml  by  Di-s  Marston  and  Boi!eau|  at  Malta,     The  exact 
causes  are  not  kn(-*wn  ;  but  in  some  of  the  writings  of  the  older  army  sur 
the  fevers  wliich  are  produced  by  foul  camps  (iu  addition  to  typhoid)  app 
tij  have  a  close  resemblance  to  the   hilioiis  remittent  fevers  of  the  Me 
ternineau.     They  appear  to  be  connected  with  bad  sanitary  conditions^  bui 
their  exact  causation  is  not  clear. 


•  Gietl.  Bie  trrMch<in  Hvr  «?tit**n»etieii  Tvphus  in  Muncheu,  186!»>  pp.  74  lUnl  94, 
t  Trobably  22Cr  would  be  !iutljcie»t  if  the  temperature  reached  every  purt*    Seeoadtr  J 
IKFKOTlOIf. 

t  Arniy  Med.  Beports,  vols.  iii.  ind  viiL 
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Cerebro-Sfnnal  Metunf;itu. 

This  disease,  whicli  has  occasionally  been  iiaticed  in  France,  find  es^eciallj- 
among  soldiers  for  the  last  furty  years,  has  within  th>?  last  few  years  appearetl 
in  suveral  p<irt«  of  C^emiany,  and  a  feir  cases  among  civilians  have  i^cciinfd  in 
England*  It  seems  to  depend  on  a  specific  agent,  but  very  little  i»  yet  known 
aljout  it.  It  does  not  appear  to  be  contagious,  No  preventive  meusurte  can 
be  at  present  suggested 

27/«  Eniptlve  Fetfers, 

The  method  of  employing  diBiniectants  In  theee  diseases  is  noted  in  the 
chajiti3r  on  Di.sixpkctants. 

SmaI]|iox  is  guarded  against  in  the  army  by  repeating  vaccination  in  the 
case  of  rt^eruitjit,  and  by  occasional  re-vacscuiation  of  all  the  men  in  a  regiment 
In  Dr  Balfour's  statistical  reports,  gi^eat  attention  is  always  i>aid  to  Uiis  im- 
jKirtant  point,  and  the  evidence  from  foreign  armies  prove  the  necessity  of 
careful  re- vaccination. 

If  the  disease  does  occur,  the  use  of  chlorine,  iodine,  and  nitrous  acid 
thrown  np  into  the  air,  sbonld  not  be  forgotten,  in  addition  to  fill  u^iual 
meoisures  of  isolation*  (in  separate  buildings)  and  sanitary  appliances. 

In  the  case  of  scarlet  fever  and  measles,  nothing  definite  is  knou^  vrith 
regard  ttr  prevention,  except  that  a  good  sanitary  condition  seems  to  lessen 
tlirir  intensity,  and  probulily  their  spread*  The  evidence  with  regard  to 
Ixdladonna  in  scarlet  fever  is  contradictory,  but  on  the  whole  unfavourable. 
When  the  disease  is  actually  preeent,  fumigalionB,  sm  in  smaLl]»<:>x,  shoidd  be 
used.  All  the  discharges  should  be  disinfected,  and  the  skin  well  rubbed 
over  with  camphorated  oil  and  a  little  weak  carbolic  acid 

The  most  difficult  case  is  when  either  measles  or  suarlet  fever  appears  on 
board  ship,  and  e8i>ecially  if  children  are  on  board.  li  the  weather  permit, 
the  best  plan  is  then  to  treat  all  patients  on  the  upj>er  deck  under  an  awning. 
If  this  aiunot  be  done  (and  scarlet  fever  patients  must  not  be  exposed  to  cold), 
they  must  be  isolated  as  much  as  possible,  and  the  place  constantly  fumigatei 
Both  in  scarlet  fever  and  smallpox  there  is  some  evidence  to  show  that  the 
incubative  period  may  be  very  long.f 

Perhaj>s,  in  the  present  st^ite  of  evidence,  it  might  he  d*3sirable  to  try  the 
prophylactic  efiectfi  of  belkdonna  on  board  ship,  directly  the  first  case  occiiM. 

Erympelm  {IIo»intfil  or  Epidmiic), 

EMemal  Cctuse. — It  is  weU  known  tliat  in  the  surgical  wards  of  hospitals 
erysipeka  occasionally  occuis,  and  then  may  be  transmitted  frcun  patient  to 
patient  Hie  exact  cansea  of  its  appearance  have  not  been  made  out,  but  it 
is  evitlently  connected  with  overcrowding  and  impure  air.  Moisture  of  the 
floors,  causing  constant  great  humidity  of  air,  has  also  been  supposed  to  aid 
it  It  is  much  more  common  in  fixed  hospitals  than  in  tents  and  huts,  and 
indeed  is  exceedingly  rare  in  the  two  latter  cases.  The  agencies  or  agent  can 
scarcely  be  supposed  to  be  other  than  putrefying  organic  matter  and  pus  cells 
passing  into  and  accumuJating  in  the  air.  ^  They  or  it  would  apj»ear  to  be 
really  generated  during  the  proccHs  of  suppumtion  of  wounrls,  and  at  present 
the  production  of  a  transmissible  agent  in  this  way  is  one  of  the  best  examples 
we  nave  of  the  origin  of  a  contagion  de  novo.     It  is  remarkable  that  pQs  cells 


j»H»»u«i  givei  ft  good  example  of  ttic  advantA^i  of  isolatitm  in  the  cute  of  Chultenhftm, 
where fntallpoxwM  introdtLced  into  the  town  six  timet,  but,  tn  consequence  of  proper  bo^pitaJ 
aceommodatioQ  for  all  claasiu.  never  luade  eood  its  f<Kittng. 

t  *je«  a  cvm  by  Brywn  (Tnma*  Qoc  Sc&nee  Awoc  1862,  p.  tJTJK  for  a  caw  In  which  the 
incubative  period  of  amaUpox  waa  thirty^one  dayi.    In  acarlet  fever  it  U  aometinieii  even  longer. 

t  See  page  101. 
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derived  from  purulent  sputa  do  not  cause  errfdpeks  in  sudkfld  witdi,  Im 
thia  may  be  from  a  wayt  of  open  wounds  to  give  the  neommrj  feaaalmM 
ditiotL  M 

When  liospital  erysipielas  haa  onco  appearcHl  m  a  ward,  ootliijig  will  siu 
except  complete  cleamuce  of  the  ward,  ecraping  the  tfoors,  and  olteii  tb" 
walls,  washing  with  chloride  of  lime,  and  then  w^th  eolutioa  of  csugtk  Ina^ 
and  thorough  fumigation  with  chlorine  and  nitrous  acid  aJt*TiiAt*'Iy*  TkfeJ 
errsipeJatriUB  cases  should  he  plact^d  iu  well-ventilated  tenia  If  thi^  eonfl 
ht*  dona,  then  tiitraiia  acid  and  chlorine  fumigations  must  be  ooosUstlj  uH 
iu  the  wartl8,  churciml  trays  be  placed  round  the  bed  of  tht  cvjiqiditfld 
patit^nt,  and  excessive  veutiliition  employed, 

Ceuaidering  the  uudimbted  heneticifd  influence  of  tent  life,  it  may  be  i 
question  whether,  eveu  in  civil  life,  hospitals  which  pci^tdesfi  gimlf?na  fikcM 
not»  during  the  summer,  treat  their  surgical  csises  with  snpptiri.tiiig  wcmA 
in  the  teut^*  In  many  continentid  towns  the  lai^  faospitalii  mi?v  tmw 
woudun  htirmck-like  huta  attached  %o  them,  in  which  the  suigicftl  taam  m 
treated. 

Of  c<mrBi\  extreme  care  in  conservancy  of  wards  or  tents^  the  ImiDidiiil 
removal  of  all  ilresainga,  great  care  in  drefising  wounds,  so  Uiat  neiUuer  by  m^ 
strumentfi,  spouf^eflj  lint,  or  other  appliances,  pus  cells  or  molf?calar  af}§ak 
matter  aluiU  l*e  inoculated,  are  mtitters  o(  furailiar  hospital  hygiene.  'D»  «* 
of  carbolic  acid,  as  introfhici^d  by  Profefisor  Lister,  wUl,  it  i*  hoj^xl,  jgfiwtly 
les8<^n  the  chances  of  epivad  iu  t!ie  case  of  erysipelas  as  well  as  of  ha^<td 
gan^^T^ne.f 

Intental  Causes* — Nothing,  I  believe,  is  known  on  this  pointy  except  I 
tliere  must  be  some  abrasicm  or  wound  of  the  surface  or  of  the  paawee  J 
the  surface,  as  the  vagiiui  or  throat  The  erysipelas  commences  at  w  p 
of  al>rftsion.  If  there  m  no  open  wouml,  the  atmospheric  imjmrity  afrmi  !• 
have  no  bad  effect  on  the  persons  who  are  exjjosed  to  it,  but  it  would  b»  JM 
tere^iting  t'O  know  if  some  fonns  of  internal  disease  aro  not  prtKlncfaL 
lR>*siUe  tluitsome  forms  of  tonsillitis  and  diphtberitic-like  inilammationr 
throat  may  be  causml  iu  this  way^  although  there  is  no  solution  of  cuntiaiz 

Hospital  Gangrene. 

Almost  the  same  remarks  ftpj)ly  to  hospital  gangrene  as  to  erysipclaR 
of  the  most  import-ant  Imcts  which  has  been  pointed  out  by  many  writensi 
which  liai5  been  thorouglily  jnoved  by  the  American  and  the  Italian  wars,  s 
that  jrt^rfecLly  free  ventilation  prevents  hospital  gangrena  HaKamond,  thfi  lite 
Siirgcoii4Jeiieral  of  the  Unitt-d  ^States  Army,  declares  J  that  only  one  ingtaDoebu 
come  to  bis  knowltulge  in  which  hospital  gangrene  has  origimit<?d  in  twoodrt 
pavilion  hosjiit4il,  and  not  one  which  has  occurred  in  a  tent  Kthus  also,  fe« 
th«  experienee  of  the  Austrians  in  1859,  states  that  it  neTi»r  cotdd  be  dk- 
covered  that  gangrene  orginati^d  in  a  tent  On  the  contrary,  cases  of  gaagifOi 
at  once  eommenec  to  iiii]irt)ve  when  sent  from  hospital  wanls  into  tents.  On 
the  other  hand,  tjxe  tenai:ity  ivitli  winch  the  oipuiic  matters  causing  ^ 
gangrene  adhere  to  walls  is  well  knowm 

TJio  measure  to  bo  adopted  in  wards  when  hospital  gangvesia  ocetic%  ■i' 


*  8m  HainrnoaiPfl  Hygiene,  1863;  Kratis'  Das  Knnksn  mid  ZerstreQiana-Stvlcs,  IWl 
And  A  Beport  aa  HyKH'D«3^  1>y  the  autlior,  in  the  Army  Medical  iUpOftt  lor  ll^  lor  tibtiiM^ 


of  tents  OQ  erysip4*Li«  jiml  hoKpit4il  ttan 

t  I  wu  inibnni'd.  in  Munich,  tliat  L.uiter's  aystera  b«a  completelT  \x 
ST^ne  from  ih&i  city,  and  1  hvliavn  thu  vua&  limli  ha$  beea  aotitied  in  oiher 


bintiliad  boifiBilf^ 


(T.  d«  C.) 
$  Hygieoe,  p.  397. 
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the  ward  cannot  be  at  once  evacnnted,  are  tho  same  aa  for  eiysipelaa*  It  is 
not  necessary  to  do  more  tluin  allude  to  tho  umkmbted  transference  by  dirty 
uponj^,  &c,  and  to  the  beneticiaJ  etfecta  of  carbolic  acid  drtissiuga. 

SECTION  IL 

VARIOUS  NON^SPECIFIC  DISEASES. 

Dynentrry  and  Diarrhoea, 

At  present  there  is  no  evidence  that  the  dysentery  arising  from  various 
Gtiuaes  has  ditlerout  anatomical  characters^  or  rtuis  a  diHerent  course,  except 
perhaps  in  the  caae  of  malarious  dysentery.    The  clnef  causes  are^— 

L  Itn/Hire  Waiter  (p.  42). — Both  Anne^ley  and  Twining  ha  vet]  irf^cted  atten- 
tion to  thw  cause,  in  their  accounts  of  Indian  dysentery.  It  is  scarcely  i>08sibl6 
that,  with  common  attention,  this  cause  should  not  be  disctjvered  and  K^moved. 

2.  Impure  Air, — The  production  of  dysentery  and  diarrlnea  from  the 
effluvia  of  putrefying  aniinid  substiinces  is  an  opinion  as  old  as  Cullitn,  and 
probably  older  ;  and  there  stiems  little  duubt  of  it«  correctnes**.  The  gases 
aud  vapours  from  sewers  also  will,  in  some  persons,  cause  iliarrhaia  (jjages 
127,  et  myj.)  ;  and  also  effluvia  from  the  foul  bilge- water  of  ships, f  On  the 
other  hand,  very  disagreeablo  effluvia  from  many  animal  subetancea,  as  in  the 
case  of  lioue-bumera,  fat-boilers,  &a,  do  not  seom  to  cause  diarrhoea.  In 
India  there  appears  to  be  a  decided  relation  between  the  prevalence 
of  dysentery  and  uvercmwding  and  want  of  ventilation  in  barracks  ;  massing 
a  large  number  of  men  together  is  certainly  an  accessary  cau^e  of  great 
weight  $ 

The  air  from  very  foul  latrines  has  caused  dysentery  in  nimierous  cases. 
IVingle,  antl  many  other  army  surgeons,  record  cases. §  In  war  this  is  one 
of  the  moat  common  causes.  The  occasional  production  of  dysentfiry  from 
sewage  applied  to  laud,  seems  to  mo  t<*  bo  proved  by  Clouston's  observations  on 
the  causes  of  the  attack  of  dysent*»iy  in  the  Cumberland  Asylum  (M&h'ml 
Tlmei  and  Gazette,  June  1865).  StiU  sewage  matter  has  been  often  applitni 
in  this  way  without  bad  eff'ects.  In  I>r  Clouston's  case  the  sewage  was  300 
yards  frc>ni  the  ward  where  the  dysentery  occurred.  Calm  and  nearly  stag- 
naot  nights,  or  with  a  (fentle  movement  of  air  from  the  sewage  towards  the 
ward,  were  the  conditions  which  preceded  most  of  the  attacka 

Of  all  the  organic  effluvia,  those  from  the  dysent^n't^  stools  apjjear  to  be 
the  worst.  Some  evidence  has  been  given  to  show  that  dysentory  arising 
from  a  simple  cause  (as  from  exp<isure  to  cold  and  wet),  when  it  takes  on  the 
gangrenous  form,  and  the  evacuations  are  very  ftuti»U  pro< luces  dysentery  in 
those  who  use  the  latrines^  or  unclean  closet^i,  into  w^hieh  such  gangrenous 
evacuations  are  passed.  If  correct,  this  is  a  most  interesting  point,  as  it  seems 
to  sliow  the  origin  of  a  communicable  poison  de  novo.     Possibly,  in  all  these 

*  With  regvd  to  pyemia,  ob^enations  nhow  that  ane  of  th«  extemal  ciiuAes  in  frntif)  or^nie 
emoimtioni.     Spencer  Wella  (Med  Tiine«  nud  Gmcette,  182(1)  BUhem^  th«t  in  1S5&  i  ty 

ftDiii  pyiBOiii  was  great  in  sotnt  wanli^  over  n  ditisectiiig  room.    On  rvmoring  nX\  \  r 

upentioD  t4:»  the  oppoaita  aide  of  tiio  buUdia^,  pywmia  alnioat  disappeai^.    u  .....  .iir 

Cusisa  axe  on  record. 

t  FonuagnYe»  iTYait^  d' Hygiene  Nairmle,  p.  60)  reoorda  a  good  caae  of  tliij  kind.  It  com- 
roaooed  after  a  gale  at  iea  had  atirrad  np  th«  bilge,  snd  on  clearing  it  out  the  attack  ceaaed. 

±  Wood  on  the  Health  of  European  Soldiers  in  India,  1864,  p.i&,€iafq, 

§  Bir  James  M'Gngor,  Vignes  (who  givw  many  caaea  from  the  French  expeiiGnce  in  the 
PeDiiurtila^f  Chomel,  Copland  ;  see  also  the  Die,  dai  Sdenoea  M^.  Art.  lJy»enthit^  IfKratt 
(Ajin.  d'Hygi^nei,  voL  xii.  p.  390)  records  a  good  case,  in  which  a  whole  regiment  wiu»  aiTccted 
in  the  Hanoverian  war,  from  having  used  too  Long  the  aama  tiranoh  aa  a  iathna.  Tlie  dlftcoto 
disappeared  when  another  waa  dug. 


492 


FREVEXTIOX  or  DrSTJUBSL 


J  effluTiii,  or  organic  maiUen^  or  particle  diaen^i^Ml  iraiii  the 
0f icualioiUy  act  ftl  once  on  the  anna,  and  the  dmeatm  iJian  apnada  tip  hf 
ttDQitjr. 

There  ia  some  leaaon,   alao^   to  think  that  retaining   djBenteric  atooli 
in  hospital  wurds  spreadB  the  disease  ;  and,  pei^jj^,  in  thia  case,  the  atgam 
particlea  floating  up  may  be  Hwullowed,  and  then  act  on  the  mucous  niembi 
of  the  colon.     In  the  epidemic  of  dysentery  in  Sweden  in   1839,  there 
good  e^'idence  to   show  that  it   qiread  by  means  of   the    dianli<£al  tkoi 
dysenteric  evacuations.* 

In  adflition  to  remoYal  of  the  bovlio^  of  all  these  effluria,  fumigationa  witb 
nitrous  acid  and  with  chlorine  should  be  piracttsed  in  all  dysenteric  wants  ti 
in  the  case  of  typhoid  fever,  the  stools  must  be  mixed  with  disinfect^int^  and 
immediately  removed  from  the  wards  and  buried, 

3.  Improper  Ftjod. — Any  excess  in  quantity,  and  many  alterations  in  qnali^ 
(csj»ecially  commencing  decomposition  in  the  albuminates,  and,  perhaps, 
Taneidlty  of  the  fatty   substances)   cause   dlazrhoBa,  which   will   paas 
dysentiiry  (see  the  chapter  on  Food).     But  the  most  important  pjint  in 
direction  is  the  pruduction  of  scorbutic  dysentery.     A  scorbutic  taint  pk; 
far  more  important  part  in   the  prc*duction   of  dysenter}'  than    is    usuaHj 
imagined,  and  there  is  now  no  doubt  that  the  fatal  dysentery,  which  fonui 
was  so  prevalent  in  the  West  Indies,  was  of  this  kind.     Much  of  the  Im 
dysentery  is  also  often  scorbutic 

4.  Exprmire  to  Cold  and  Wet. — Exposure  to  cold,  especially  after  ex 
and  extreme  variations  of  temperature,  have  been  assigned  as  the  chief 
of  dysentery  by  numerous  writens  ;  t   gteat  moisture  has  been  assigned 
some  writers  (Twining,  Annesley,  Griesinger)  as  a  cause  ;   and  great  dryni 
of  the  air  by  others  (Momit)  :  while  a  third  class  of  ob^^ervers  have  consideicd 
the  amount  of  moisture  as  quite  immateriaL 

HirschjJ  after  summing  ixi)  the  evidence  with  respect  to  temperature  with 
great  care,  decides  that  sudden  cold  after  great  heat  is  merely  a  •*  eausn 
ocecbdanalis"  §  which  may  aid  the  action  of  the  more  potent  cause  of 
dysentery.  This,  probably,  is  the  true  residing  of  the  facts*  The  amount  of 
moisture  in  the  atmosphere  would  appear  to  1m3  a  matter  of  no  moment* 

Although  we  cannot  assign  its  exact  causative  value^  the  occurrence  of 
is,  of  course,  as  a  matter  of  prudence,  to  be  carefully  guarded  agiiiust  ; 
especially  chills  after  exertion.  It  is  when  the  body  is  prufusely  jK^rspi 
and  is  then  exposed  to  cold,  that  dysentery  is  either  produced,  or  that  oi 
causes  are  aided  in  their  action-  In  almost  all  hot  countries  chilling  of 
abdomen  is  considered  ptirticularly  hurtful,  and  shawls  and  waist-^ 
(kummerbund  of  India)  are  usually  wom.[| 

♦  Brltisb  and  Foreign  M«d.-Uhir.  Rev,  Jiwu  186fl,  p,  140* 

f  A  few  only  can  be  noted ;  Btoll,  Zimtn&rmtixmt  Hiixham,  Btirandean,  Winaa,  Iiruie,  Jm 
Jrahnnon,  XnnesHeYj  BampfleMj  Morelieiid,  Vignea,  FerguMon,  k^'.  Fergussoii  4m js — **  T 
d^Vtinitery  k  the  oflspringof  heat  ami  moisture ;  of  mokt  cold  iu  any  ahap«  after  exc«««vfl  I 
Nothing  that  a  man  can  put  iiits  him  would  ever  pve  him  true  dyfieatery,*' 

t  HaiidbtK'h  tier  HistoriftchCieopraph-  PatboL  band  ii.  p.  234. 

§  The  so-called  *'  hill  diarrhoea,''  which  waa  fonnerly  prevalent  on  noma  of  the  hill  t . 

In  In<ll.i,  e«p«;ciany  on  the  sponi  of  the  Himalayaa,  haa  oeen  attributed  to  the  effect  of  i 
anrl  nir»isture.  and  Kudden  changea  of  tt^mperatuie.  But,  aa  remarked  by  Dr  Alexander  Gr 
niiujy  hill  Mtatit>ii»  liavt)  theae  atmospheric  conditions  without  havinj^  any  hill  dtarrbfli^ 
learn  from  i^oine  gt-iitkmcn  who  have  uaid  raufjih  attention  to  thU  aubject,  that  there  la  grtit 
l%a»oQ  to  HuppoAe  the  bill  diarrlifi?a  to  he  entirt^lv  unconnected  with  either  elRvati<»n  or  climite 
In  HOme  oaset*  It  haa  been  dearly  canse^l  by  hiu\  water,  jjossibly  by  suspended  *cale«  of  m^«i 
ill  the  water  (aee  page  40) ;  in  other  caaeH,  itfl  exact  cauaeH  remamed  unexplaiueiL  Of  ajM 
yean  it  baa  leHAencd  In  amoimt  at  all  stations,  and  will  probably  diaapjiear. 

II  It  ia  A  remarkable  circnmittfmce,  that  In  t^^mperate  climatca  the  moat  common  montha  ttii 
dTionterie  epi<leniic«  are  the  hot  months — Juno  to  Septemljer,    Taking  North  Ainerka  i 
Northern  aud  We^tym  Europ,  Binich  Ilos  assembled  &46  outbreaks.    Of  tboM,  17(S  occQ 
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5.  Mjiltiria  liaa  been  assii^ed  as  another  cause  ;  and  it  wa«  noticed,  especially 
by  tht*  oldiT  writers,  that  the  dynentery  was  thun  uftun  of  the  kind  tenned 
**  Df/nertferia  Incnicntn  "—the  »toolB  Ix^ing  efipitjus,  serous,  and  with  little 
blood  ;  in  fact,  a  st/tte  somewhat  n?**erabliiig  cholera. 

Very  great  difference  of  opinion  has  prevailed  in  rej^mrd  of  this  opinion.* 
Possibly  the  "malarious  dysentery"  is  in  part  ennnect^^d  with  the  use  of 
marsh  water.  More  evidence  is  desirable,  certainly,  with  rt*;s'ard  to  this 
fKiint ;  but  it  seems  prc»hable,  from  the  obsfTvations  of  Annealey  and  Twining, 
that  mansh  water  has  an  efifect  in  this  direction. 

Li&er  Diseasei  (Indian). 

Tlie  production  of  diseases  of  the  liver  is  so  obscure,  and  so  many  sL-iti's  of 
hepatic!  disonier  are  put  together  under  the  term  **  hepatitis,"  that  it  is 
impossible  to  treat  this  siibjec^t  properly  without  entering  fully  inttji  the 
qnesrt.ion  of  causea  But,  ai^  this  could  not  be  done  here,  I  must  content 
myself  with  a  short  suiumary  of  the  preventive  measures  which  appear  to  l>o 
of  the  j^Ti^ate^t  imfKjrtance. 

I  have  lon;^  Imm  convinceil  that  many  cases  of  h}^r<PTuia,  bilious  conges- 
tion, and  enlargement  of  the  liver,  with  increase  of  cell-growth  and  c(jnnective 
tissue  (hut  without  tendency  to  abscess),  and  enlargement  and  piirtial  fatty 
degenenition  of  the  liver  cells,  are  caused  simply  by  dit-t.f  I  had  a  gtifxl 
opportunity  of  observing  this  on  landing  in  India  in  1842  with  an  Euri-*ftcan 
regiment,  J  and  the  experience  of  more  than  twenty  years  has  made  mo  certain 
that  the  observation  was  correct 

Verj'  similar  opinions  have  been  expressed  by  Macnamara,§  and  Normau 
Chevera  has  also  poiutcdly  alluded  tc^  this  subject.  || 

1*he  supjdy  of  food  supplied  U)  the  soldier  iu  India  has  em^d  in  two  ways : 
it  is  too  much  in  quantity,  especially  w!ieia  tlie  aUK  lunt  of  exercise  is  liinit^id 
Macnamara  has  calculated  that  each  European  sohlier  in  Bengtd  consumed  (at 
the  time  he  wrote  in  1855)  76  ounces  of  solid  (/.c,,  water  containing)  f<:»od 
daily,  so  that  there  must  have  Iwen  on  e^xcess  of  all  the  dietetic  principliN*. 
Then,  in  eirery  case,  there  was  added  to  this  a  very  large  amount  of  cojidi- 
menta  (spices  and  pop]iers),  articles  of  diet  which  are  fitted  for  the  rice  and 
vegetable  diet  of  the  Iliiidu,  but  are  particularly  objectionable  for  Europeans. 
In  the  West  Indies,  where  the  diet  has  never  been  so  rich  in  condimenta, 
liver  diseases  have  always  been  comparatively  infrequent 

Some  orikrs  for  improving  the  cooking  in  ludia  were  issued  by  Lord 
Strathnnim,  and  if  the^e  are  caixied  out,  and  if  medical  oflQcers  would 
thoroughly  investtgate  the  quantity  of  food  taken  by  the  men,  and  cotnpait) 
it  with  their  work,  and  examine  into  the  cooking,  it  is  quite  certain  that  many 
cases  of  dyspepsia  and  hepatitis  would  be  prevented. 

In  cases  not  simply  of  hyfM^iiciuiii  and  bilious  congestion,  but  of  abscess,  it 
is  probable  that  a  certain  number  are  consecutive  to  dysentery,  and  are  caused 


in  irornmer ;  229  In  snminer  and  «ittamn  ;  107  in  nuttimti ;  only  16  in  xpiing ;  nod  19  In  winter, 
Tliis  •lofs  nul  l<w>k  qa  if  mhl  had  any  effuct    TLe  beat  of  sunuuer  i*  fur  more  iritlnential. 

*  Tliv  very  varying  opiniona  «re  giv«n  very  fully  ty  Hirach.  Morehead's  pr^nt  nnthority  i?i 
altocethi^r  ogatiuit  the  presumed  action  of  malaria;  btit  tHMsibly  bcre,  ma  iu  -rouieii, 

we  MiAll  have  to  draw  a  cximplete  diKtiiicti<»n  li«tireen  ouuAiionji  And  uou-Tr  t^oten'. 

+  In  OiM  rrr«*.t  ftnd  a^lmirable  works  of  Kanald  MaTttn  and  Sforeliead,  tht^  i..;.,.. ..  ,.  .1  diet  In 
J  ^  I'tioniji,  tliough  nJIuded  to.  hat  l>e«ii  ^MiMed  over  much  to<>  liglitly,     Auneaky, 

c :.  ba»  fully  recogiJiMjd  X\i€  iinnien^  intlncnce  of  diet  (vol,  i.  i>.  192). 

:  J  he  D>§entery  and  Hepatitin  of  India,  by  E,  A*  Parkw,  M.k,  1846.  p.  228. 

§  lir  ,  litS.    Dr  Macnamara  found  a  moat  extnordinary  unount  of  fatty  de- 

gen^nit:  livtrr. 

I  Hi*nith  nt  Kumperm  Troop!*  in  Indln,  In'lfan  Aimnh,  1553,  p.  109  J  it  i«  posticularly  f&cum' 
mended  tbal  lltiit  cbapter  abouid  \m  catt fully  p«ftUM$d. 
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by  the  alisorption  of  putrid  niatera  froiu  the  intestine,*  wMeli  are  arrestee!  1 
the  liver,  and  there  eet  up  aiippiiratioiL  There  is  no  tme  pysemia  or 
iJanunation  of  th©  vena  poiiai  as  a  rale.  ^\Tieii  cause*!  by  pUlebitijj  or  sp 
affi^ction  of  the  vena  porta*,  the  suppuration  ia  in  the  Lonrse  of  the  vena  poC 
or  at  any  rate  comnieatres  there.  The  re^ison  why  some  caaes  of  dysenti 
causct  abscess  and  others  do  not,  is  tineertiiiii.  The  prevention  of  this  fa 
of  abdces8  is  involved  in  tho  j>reveBtion  of  dysentery. 

In  othtn*  vasGa  of  abscess,  however,  there  is  no  antecedent  dysenterr, 
ther<3  ai-e  cjollections  of  pns  or  fivtid  debris  somewhere  else,  which  act  in 
same  way  by  allowing  absorption.  There  are^  however,  other  eases  in  wb 
no  snch  causes  have  been  pointed  out,  and  the  genesis  of  those 
of  absces*^  remiiina  quitc3  obs^^iire.  Much  effect  htis  been  attributeti  t<>  the  I 
tlnence  of  sutiden  clianges  of  tenipemtnre  ;  to  the  rajiid  euper^'ention  of  jia 
exceedini^ly  moiBt  and  comparatively  cold  air  on  a  Lot  season^  whereby  thr 
phifuse  action  of  the  skin  is  suddenly  checked  ;  and  to  the  inflnence  ^f 
malaria.  But  the  extraordinary  diBpro portion  of  cases  of  abscess  in  differrnt 
parts  of  the  world  seems  to  negative  all  these  surmises. 

One  fact  seeniB  to  come  out  clearly  from  Dr  AYaring's  obser^'ntions,  vk, 
that  recent  arrival  in  India  is  favoumhle  to  the  occurrence  of  absc^^ss,  and  thai 
(all  kinds  of  abscesses  being  put  t*i«<ether)  50  per  cent  occur  in  men  under 
tlm^e  years*  servica  Xo  length  uf  re^sidence,  however,  confers  perfect  im- 
munity. It  would  be  very  impoiiant  to  detonnine  whether  the  effect  of 
recent  arrival  is  marked,  lioth  in  cases  of  abscess  ofjasecutive,  and  in  those 
anterior,  to  dyaentory. 

It  is  possible,  abo,  that  some  entozoic  influence  may  be  at  work,  especially 
in  some  parts  of  Didia,  and  hydatid  disease  of  the  Hver  or  other  diseased  of  tifl 
same  class  may  be  mon^  common  than  is  supposed.  V 

In  the  absence  of  perfect  knowledge,  great  care  in  preserving  from  diilfl 
and  proper  diet,  are  the  only  preventive  measures  which  can  be  suggesled  IS 
primary  hepitic  aheceas.  I 

ImolathTL     (See  page  431  ei  seq.)  ^^H 

Tender  this  convenient  term,  a  number  of  cases  aie  put  together  whicll  m| 
to  be  produced  by  one  or  mom  of  the  following  causes :—  ■ 

Exfemal  Camejf.^l.  Direct  rays  of  the  sun  on  the  head  and  spina  Adofl 
light  coverings,  covered  with  white  cott^^n  ;  pennit  a  good  ciurent  of  air  tfl 
tween  the  hmd  and  the  covering,  and  ase  a  light  muslin  or  cotton  i^g,  dippfl 
in  water,  ovi^r  the  heail  nndc^r  the  cap.  2,  lleat  in  the  shade,  C'Onihin^ 
especially  with  stagnant  and  impure  air.  In  houses  {and  men  have  bnflfl 
attacked  with  insolatioH  both  in  tents  and  barTacks)  means  t  m  alwaya  J 
tali*in  to  move  the  air,  and  thus  keep  it  i>ure,  even  if  it  cannot  be  coole<L  fl 
tents  the  heat  is  often  exceedingly  great,  simply  from  tlic  fact  that  there^l 
not  sntlicient  movement  of  air ;  in  the  tropics  a  siiii[)le  awning  is  much  bett^ 
than  tents,  and  if  the  awning  is  sloped  a  httle,  the  top  of  the  slope  bei^| 
towaitls  the  nortli,  tin*  movement  of  air  will  be  more  rapid  than  if  the  canilB 
Ixi  tpiite  llat^  lint  in  tin*  dry  season,  in  the  tro]>ics,  the  men  should  sle^?p  |B 
the  o]icn  air  in  all  iion-maLtrious  districts,  when  they  are  on  the  nia/cJi  orH 
campaigns.  J^H 

Tlie  general  prophylaxis  has  been  thus  summed  up  l>y  Professor  !&IiflilH 
{"lieynoldV  System^  of  Med.,"  v*.l  ii  p.  157)  :—"  Men  will  b«ir  ahiS 
tempemturti  in  the  open  air  with  comparative  impunity,  provided  {a)  it  ia  jifl 

•  It  la,  however,  ramarkable  how  many  cases  of  dyiMmtery  occur  without  prodacing  b«pui^| 
Ab«o0»  ;  ittiU  oar  general  ktiowlnlge  of  the  caiisatton  of  dboaM  iiiakes  it  Kiglily  probublc  UtaB 
djMQtery  acts  in  this  way.   la  it  the  aloiighiiig  dystuUTy  which  id  followtsd  by  hepatic  ihanwjB 
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Blong  continuBd  ;  (h)  that  tho  dress  be  reasonably  adapted  to  the  tempera- 
n  ;  (r)  that  the  free  movt^ment  of  the  chest  be  not  interfereil  with-" 
^pit^mal  Onuses. — It  is  only  known  that  spint  ilrinking,  *jven  in  Hiodemtinn, 
Hrerfitlly  iiids  the  external  causes  of  insoktioTi  ;  even  wiiio  and  beer  probubly 
%ve  this  etlect.  Tea  and  cotTee,  on  the  other  hand,  probably  lessen  tho 
eptibility. 

fall  hiiMt  of  body,  or  any  tendency  to  fatty  heart  or  Gmphysematoua 
a,  hiive  been  ttnpposed  also  to  predi^ipose* 

I  seems  eertaiti  tbat  any  emtjarrassment  of  the  pulmonary  cireidation  aids 
ction  of  the  heat,  and  therefore  the  moat  perfect  freedom  from  belts  and 
i  clothes  over  the  chest  and  neck  is  e^^eotiaL 

at  exhanjstion  from  fatit^iie  aida  the  action,  either  from  failure  of  tho 
Vb  action   or  want  of  water.     In    this  case  dilfui^ible    stimidi,    such 
Qonm,  tincture  of  red  lavender,  tincture  of  cardamomij,  tfcc.^  with  strong 
are  the  be^t  preventives.     Spirits  should  not  be  given  unless  the  ex- 
stion  be  extreme,  and  the  diffusible  stimuli  cannot  be  obtained,     A  small 
tijuantity  in  hot  water  nmy  then  be  trierL 

^Cold  kitlis,  and  es]>Gcially  cold  douching  to  the  head  and  spine,  are  most 
ful  as  preventive  as  well  as  curative  measures 

PlUhisis  Pidmmtiilijk 

respect  of  cansea,  we  must  diatinorujah  those  usually  rapid  crises  of  tuber- 
sis  which  arise  from  hereditary  constitutional  causes,  or  from  the  intiuence 
anthemata  (especially  meiisles),  or  of  tjphoidj  or  other  fevers,  and  whirdi 
their  course  with  implication  of  sevend  orj^^ns  at  an  early  stage,  and  the 
^inore  chronic  forms  of  phthinis,  in  which  the  lung  in  adults  is  tlie  first  seat  of 
the  disease,  and   other   orgaim   are   secondarily   affecte(L     Several   dtstiuct 
are  confounded  under  the  one  term  of  phthisis,  and  it  is  therefore  not 
i  at  present  to  truce  oat  their  precise  origia 

J  only  the  common  cases  of  subacute  or  chronic  phthisis,  it  has  been 
iy  intimated  that  most  European  annies  have  l>een  found  to  furnish  an 
undue  proportion  of  such  cases.* 
^^A  few  years  ago  much  inHuence  was  ascribed  to  food  as  a  cause  of  phthisis  ; 
^^p  occun>ence  of  a  aort  of  dyspepsia  as  a  f<jrerunner  (though  this  does  not 
^•geem  very  common),  and  the  j^rreat  eflect  of  the  treatment  by  diet  (by  coildiv^T 
oil),  seemed  to  show  that  the  fault  lay  in  some  jjeculiar  mid  nutrition,  whicii 
I  ^ected  the  bloi>d,  and  thi'ough  thia  tho  lungs. 

Probably  there  is  truth  in  this  ;  hut  of  late  years  the  effects  of  conditions 
which  inliueiice  immediately  the  ]>ulmonary  circulatlun  and  tlie  lungs  tlu^m- 
solves  have  attracted  much  attention.  The  effect  of  want  of  exercise  (n^j 
I  donbt  a  hi^ddy  complex  Rriuse,  acting  on  both  iligestion  and  circulation),  and 
of  impure  air,  have  been  found  to  he  very  potent  agtmcios  in  causing  jdithisis, 
and  conversely,  the  conditions  of  prevention  and  treatment  which  have  seemed 
mo&t  useful  are  nutritions  food  an*!  proportionate  great  exercise  in  the  free  and 
I  Ofpen  air.  So  important  lias  the  hvst  contlition  proved  to  be,  that  it  wouM 
ftpj>par  that  even  considerable  exi>osum  to  weather  is  better  than  keeping 
phthisical  patients  in  close  rooms,  provided  there  lie  no  broncMtis  or  tendency 
to  pneumonia  or  pleurisy, 

TJu'ee  points,  then,  are  within  our  control  as  regards  phthisis—arrangement 
of  food,  exercise,  and  pure  air. 

•  '-'      p.  123.  and  tbe  Sections  on  Home  and  Foruign  Senrice,    There  are  two  vnlnaTilc  pipces 
t;  ol  phthisicnl  am!  scrofulous  rliflejifl*  lieing  developed  in  a  healthy  pn|ml.itirm  imm 
iir,  VIZ,,  Mr  Mor|2;aii*s  ea^iy  on  Fhthiaifl  on  the  West  Coaat  of  ScotLiud  {Hnt.  w\^i 
Ktii,  Mtfti,  Chir*  Rev),  and  the  aiuilf^ons  case  of  Weatem  Catinik,  g\veu  \i^  ^Vc  VLw^tN&vt^ 
(Medical  Times  und  Gazette,  A ug.  lSd$}, 
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That  food  should  contain  a  good  deal  of  tlie  nitrogenous  and  fatty  princip 
if  phthisis  is  ap|>rtihendetL     Milk  haa  hem\  li»ng  celebrati*d,  and  iitjely 
koumiss  of  Tartary  has  obkaiDed  a  great  reputation  in  liiissia  as  an  agent  I 
cura^ 

Exorcise  m  of  the  greateat  importance,  and  it  would  seem  quite  clear 
this  must  hv  in  the  open  air.     T\w  best  cHuiatea  for  phthisis  are  perhaii©  ] 
necessarily  the  eqimble  ones,  but  those  whicli  permit  the  greatest  number  j 
hours  to  be  pflsscd  out  of  the  house. 

In  the  Jiouse  itself,  attention  to  thoroujjrli  ventiJation,  uc^  to  coiuftts^ 
tlum^li  iuipercei>tible  movement  of  the  air,  is  the  jxiint  to  be  attended  ta 

In  the  case  of  soldiers,  it  must  also  be  seen  that  no  weights  or  straps  impede 
the  circulation  of  blood  through  the  lungs  and  heart. 

The  B fleet  of  a  wet  fiubsoO  in  the  causation  of  phthisia  (see  p,  331  for 
Buchanan's  obser^^ations)  must  not  be  overlooked.  "WTiatever  may  be  the 
exact  amount  of  truth,  we  are  bound  to  act  as  if  it  were  cortaiiL 

That  the  syphilitic  dise4i8e  of  the  lungs  ha^a  some  times  a  completely  pbthidical 
character  is  tolenibly  clear,  but  syphilis  will  not  account  for  the  amoant  of 
phthisis  in  the  army.  The  influence  of  msist urination  in  producing  pUthiais  ia 
uncertain. 

The  peculiar  state  of  malnutrition  we  caH  scurvy  is  now  known  not  t^  1 
the  consequence  of  general  starvation,  though  it  is  doubtleaa  greatly  aided 
this.     Men  have  been  fed  with  an  amount  of  nitrogenous  and  fatty  ir< 
sulhcient  not  only  to  keep  them  in  condition,  but  to  cause  thern  to  gain  weigh 
and  yet  have  got  scurvy.    The  starches  also  bftvo  been  given  in  quit*?  sulficiea 
amount  without  preventing  it.     It  seems,  indeed,  clear  that  it    is  to 
altscnce  of  some  of  the  constituents  of  the  fourth  dietetic  group,  the  salts, 
we  must  look  for  the  cause,  t 

Facts  aeem  to  show  with  certainty  that  in  the  diet  which  gives  ecur 
there  is  no  deficiency  of  soda  or  of  iron,  lime,  or  magnesia,  or  of  cbloride  i 
sodium.     Nor  is  the  evidence  that  BaltvS  of  putash  or  phosphoric   acid 
deficient  at  all   siitisfactory.      And   when    we   think    of   the   quantity 
phosphoric  acitl  wbicii  must  have  l»een  supplied  in  many  diets  of  meat,  an 
cerealia,  whiclj   yet  tlid  not  prevent  scurvy,   it  seems  very  unlikely  that 
absence  of  the  phusphates  can  have  anything  to  do  with  it,  J 

The  same  may  be  said  of  sulphur.  Considering  the  quantity  of  meat  i 
of  leguminosie  which  some  scorbutic  patients  have  taken,  it  is  almost  imf 
sible  that  deficiency  in  sulphur  should  have  been  the  ciuisa 

By  exclusion,  we  are  led  to  the  opinion  that  if  the  cause  of  scurvy  is  to  1 
found  in  deficiency  of  salts,  it  muyt  be  in  the  salts  whose  acids  form  car 
bonates  in  the  sj^stcn^  For,  if  we  are  right  in  looking  to  a  deficiency  in  the 
fourth  class  of  alimentary  principles  as  the  cause  of  scurvy,  ami  if  neither  tta 
absence  of  soda,  potash,  lime,  magnesia,  iron,  sulphur,  or  phosphoric  add  CAB 


*  It  la  now  a  good  deal  used  in  this  country. 

+  For  ft  good  de»l  of  tviiience  nii  to  1S48,  I  beg  to  refer  to  a  tcvIpw  I  oontnbaiefi 
Scurvy  to  ttte  Britisli  ajid  Forfigti  Meilko-Chinii^icfll  Review  in  that  year.     Tlie  ev-id 
aince  thi**  pfriod  has  uddeil^  I  i>elieve,  littles  to  our  knowledge,  except  to  show  that  the  pf 

vntivc  and  ciimtive  pow«r»  of  fresh  meat  ia  U!TB;e  quantities  and  especially  raw  laeat  (iC< . 

Arctic  Expmlitiout,  will  not  only  prevent,  but  will  cure  i^cnrvy.  Kane  found  the  raw  mufti  ti 
the  walrus  a  certain  eun*  For  the  njoj^  recent  evidence  and  mncli  valuable  mfoitnatioo*  »* 
the  Report  of  the  Admimltv  Committee  on  the  Scurvy  which  occurred  in  tlie  Arctie  Iggti^iftrtii 
of  187&-e  (Blue^Bortk,  1877). 

+  ProfeMor  Galloway  of  I>tiblin,  and  Mr  Andemon  of  Coventry,  bave  lately  writUa  jwa- 
pliTets  nncing  the  clainin  of  pota«h  cind  pho>jphoric  acid  to  AttiJiitioDj  but  without  UrlAgiiag, laj 
fresh  evidence  of  aullicient  iuiportaiice  to  support  their  vicwa. 
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"be  tlie  cause  (and  it  ia  probable  it  m  not  so),  tben  the  only  mineral  ingredient* 
whicb  remain  are  the  combinatiana  of  alkalies  ^'ith  those  acids  which  ftirm 
riiriionates  in  the  fiystem,  viz,,  Jactic,  citric^  a:etic,  tartjiric,  an<l  nmlie.  That 
thi*.^^  acids  are  most  importjint  nutritional  agente  no  one  can  iioubt.  The  salts 
confining  them  am  at  first  neutral,  afterward*  alkaline,  from  their  conversion 
into  carbonates  ;  they  thus  play  a  dunble  part,  and  moreover,  when  free,  and 
in  the  prewsnce  of  albumen  an  J  cblori*le  of  sodium,  the.se  acids  have  peculiar 
jiowers  of  precipitating  albumen,  or  perhaf>s  of  setting  free  hydrochloric  acid. 
Whatever  may  be  their  precise  action,  their  vidue  and  necessity  caimot  be 
doubted  Without  them,  in  fact,  one  sees  no  re^ison  why  there  should  not 
be  a  continual  excess  of  acid  in  the  system,  as  during  nutriticm  a  continual 
excess  of  acids  (phosphoric,  sidpbtiric,  uric,  hijipuric)  is  pTuduceJ,  sufficient, 
even  when  the  salts  with  dec*>m])osable  acid  are  supplied,  to  render  all  ex- 
cretions (urinary,  cutaneous,  intestinal)  acid  The  only  nnjde  of  supplying 
alkali  to  the  acids  formed  in  the  bc^dy  is  by  the  action  of  •  the  phosphate's, 
which  is  limited*  The  only  mannfacture  of  alkali  in  the  bc»dy  is  the  fonnation 
of  ammonia,  so  that  ihQsa  salts  are  most  important  as  antacids.  Yet  it  is  not 
solely  the  absence  of  alkali  whicb  protluces  scun^y,  else  the  disease  would  be 
prevented  or  cured  by  supply  of  pure  or  carbonated  alkjilies,  which  ia  not  the 
ease, 

WTien,  in  pursuing  the  argument,  we  then  inquire  whether  there  is  any 
proof  of  the  deticiency  of  these  particular  acids  and  salts  from  the  diets  which 
cause  scurvy,  we  find  the  strongest  evidence  not  only  that  this  is  the  ciise, 
liut  that  their  addition  to  the  diet  cures  scurvy  with  great  certainty.*  They 
will  not,  of  counte,  cure  coincident  starvation  arising  from  deficiency  of  ftwjd 
generally,  or  the  low  intercurrent  inflammations  which  ineur  in  scurvy,  or  the 
occasionally  attendant  purpura,  but  the  true  ^orbntic  condition  is  cure<l 
with  certainty. 

Of  the  ^ve  acids,  it  would  appe^ir  unlikely  that  the  lactic  should  lie  the 
most  efficaciouja.  If  so,  how  is  it  that  in  starch  food,  during  the  digestion  of 
which  lactic  acid  is  probably  formed  in  large  quantities,  scurvy  should  occur] 
Is,  in  such  a  case,  an  alkali  necessaiy  to  insiure  the  change  of  the  acid  int^a  a 
cjirbiinatel  How  is  it  that  scurvy  will  occur  with  a  milk  diet,  though, 
doiibtleas,  milk  is  a  good,  though  not  perfect  preser\^ative  1 

Vinegar  is  an  old  remedy  for  scun^y,  and  ac^ttic  acid  is  known  to  be  both 
a  preventive  of  (to  some  extent)  and  a  cure  for  scurvy.  P»ut  it  has  always 
1>een  considered  much  inferior  to  both  citric  and  tartaric  acids.  Possibly,  as 
in  the  case  of  lactic  acid,  an  alkali  should  Ije  stippHeil  at  the  same  time,  so 
as  to  enable  the  acid  to  be  more  mpidly  transformed. 

Tartaric,  and  especially  citric  acids,  when  combined  with  alkalies,  have 
always  been  considered  to  be  the  antiscorbutic  remeiliea,  jsar  excelience,  and 
the  evidence  on  this  point  seems  very  complete,  t 


L 


•  This  WW  moii  clsurly  iihoim  in  the  last  Ar<*tir  Ex|teditioii  (1875-6).  The  mtiona  on  hoard 
•bin  daring  winter  were  ample,  contiming  drietl  pitatows  jind  oth«?r  vegeUble*,  prescrve<l  vt*tfe- 
UbW,  pickle«»  bottled  tmitM^  vineg&r,  and  a  daily  rution  of  lime  joice,  beiiides  rai«inH  and 
currants.  In  the  aledge  expeditloDti  all  theae  were  cut  off  except  two  onncefl  cif  preaent'*! 
potAtora^  an  inadequate  ration  under  any  cirmmatancea.  The  meat  waa  peiDTnican  and  bncou, 
and  there  wan.  of  coune,  no  fVeah  bread.  The  retfult  wae.  that  thia  unperfi-et  diet,  coiijoineil 
with  miMt  Uburiona  work,  prodnced  a  severe  outbreak  of  acnnry  which  nearly  pmred  iataJ  V^ 
the  whole  party.  The  rapidity  with  which  the  aiuk  recovered,  on  being  su|>plied  with  liini^ 
j\tice  and  more  faTnurabte  diet,  waa  noticeable  (nee  Report,  irar,  ciL  \. 

t  It  ia  haned  on  a  very  wide  experience,  and  ahould  not  oe  set  nftidt*  by  the  state menta  o'^ 
men  who  ho  ft  leen  only  tliree  or  loiir  caaea  of  acarry,  often  c  i  '..  whidi  happen  not 

to  have  been  benefltAd  by  lemon  jnioe*    The  progreas  of  pre^*  cine  ia  checiccd  l>y 

aaaerttoni  drawn  fW>m  a  very  limited  experience,  yet  made  with  ^,.,;.  .  :.hdeno«.  We  mnat 
Tcmeoiber  that  many  cases  of  iciirvy  are  complicated— that  the  true  scorbutic  condition,  inani- 
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Of  malic  acid  little  is  known  as  an  antiscorbutic  agest^  bat  it  k 
^"c»rtby  of  extended  trials. 

Deficiency  of  fiv«h  vegetables  implies  deficiency  in  the  salts  of  these  vik, 
and  8cnrvy  ensnes  with  certainty  on  their  disuse.  Its  occurreneci  ia,  howvixi; 
gn?ntly  aided  by  aeeejji^ary  canse^a,  ej^ijeclally  deficiency  in  food  gQDtttU]r,i/ 
cold  and  wet,  and  mental  and  moml  ^Icjjresvsion. 

The  prevc^ntive  meiisuros  of  scurvy  are,  then^  the  supply  of  tbe  s 
citiiL\  tartaric,  acetic,  lactic,  and  malic  aeidii,  and  of  the  acids  tbeniselrce,! 
perhaps  in  the  ortler  here  given,  and  by  the  avoidance,  if  it  can  be 
the  other  occiisional  Ciiuses. 

Experience  seems  to  show  that  the  supply  of  these  acidit  in  the  jniem] 
the  fresh  succulent  vegetables  and  fruits,  especially  the  potato^  the  cabl 
orangti,  lime,  and  gnipe^  is  the  Iwst  form.     But  fresh  fruits,  tubens^  rtiOti;.J 
leaves  are  letter  tliitn  seeds.     The  legurainosie,  and  many  other  Tif^*^tal[ 
are  useless. 

Fresh,  and  especially  raw  meat  is  also  useful,  and  this  is  oonjectiirBd  1 
from  its  amount  of  lactic  acid  ;  but  this  is  uncertain. 

The  dried  vegetables  are  also  antiscorbutic,  but  far  less  so  than  tho  tnA; 
and  the  experience  ef  the  Ameritmn  War  is  not  so  favourable  to  them  » 
might  have  been  anticipateiL  Do  the  citric  and  other  aciils  in  the  driWl 
T6go tables  decompose  by  heat  or  by  keeping  I  It  would  be  very  desinbk*  h 
liave  this  ipieation  settled  by  a  good  cheuiist  We  know  that  tho  citric  j 
in  lemon  juice  gradually  decomposes*  It  does  not  follow  that  it  ehouMf 
quite  stable  in  the  dried  vegetxiibles, 

Ilie  uimsures  to  be  adopted  in  time  of  war,  or  in  prolonged  sqjonnLl 
boaixl  ship,  or  at  stations  where  fresh  vegetables  are  scarce,  aro — 

L  The  supply  of  fresh  vegetables  and  fniits  by  all  the  means  in  our  ] 
Even  unripe  fruits  are  better  than  none,  and  we  niiist  risk  a  little 
for  the  sake  of  their  antiscorbutic  properties.     In  time  of  war  eaery  vegeU 
should  be  used  which  it  is  safe  to  use,  and,  when  made  into  soups,  almost  aII 
are  tolerably  pleasant  to  eat, 

2.  The  supply  of  the  dried  vegetables,*  especially  potato,  eabbitgi^  id 
cauliflowers;  turnips,  parsnips,  »l'a,  are  perhaps  less  useful;  dried  peas 
heauis  arc  useless.     Aii  a  matter  of  precaution,  these  dried  vegetabled  aho 
be   issued   early   in   a   campaign,   but   should    never  sn^>er8edo   tha 
vegetables. 

i  (Tood  lemon  juice  should  be  issued  daily  (1  02.),  and  it  shotild  be  1 
that  the  uien  take  it> 

4.  Vinegar  (J  oz.  to  1  oz.  daily)  should  he  issued  with  the  ratioas,  and  i 
in  the  cooking. 

5,  Citrates,  tartrates,  lactates,  and  maJates  of  potash,  should  be  issncnl  | 
bulk,  and  used  as  drinks,  or  added  to  the  food     Potash  should  Ik3  sele 
as  the  base^  aa  there  is  seldom  any  chance   of  the  supply  of  soila 
lessened     The  easiest  mode  of  issuing  these  sjdts  would  he  to  have 
containing  enough  for  one  mess  of  twelve  men,  and  to  instruct  the  man  ] 
imi>ortant  it  is  to  place  them  in  th«  soups  or  stews.     Possibly  they  might 
mixed  with  the  salt,  and  is^sued  merely  as  salt 


tion,  and  low  iuilammation  of  variotts  ot^aaA^  lungs  Bpleen,  liver,  juid  muscle*,  tumy  b«  ili 

g resent  at  the  same  tlmf:.    {St6  also  pAge  325,  fcHJtnott!.)    Bee  aho  paper  by  Dr  Ralfe^  of  tit 
e&nim's  Hospital.     (1877.    Keprinted  from  i\m  Lancet  J 

*  Frvlmhly  dried  fruits,  aach  m  miitns  and  cnrmnts  (wbicli  contain  some  add  and  vigfteMt 
&altji)  ELTO  useful  as  ttTiti*corl)Utics.  The  A  me  ri  can  pemmicjiii  contains  tbeni,  atvl  men  ai«  tali 
to  live  upon  it  for  moiitln  ttigether  withcut  siifTeriug  fnim  ACiin-j'.  It  appears  to  hAie  hen^ 
timt  kind  of  pummiran  on  which  the  oew  of  the  Polaris  Itvud,  vtho  drifUHion  aa  loabmlbr 
aix  montlis.     Other  drit-d  fruit8>  such  as  apple«t  would  probably  also  be  efflcaciooa^ 
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^^^^^  M Hit  art/  Ophthalmia. 

mm.  "  military  ophtlmtniia  "  ia  often  applied  particalarly  to  that 
pi  which  the  peciiJiar  groy  granulations  fonn  on  tho  pjiliipT)!^!  con- 
),  But  aBy  severe  form  of  purulent  ophtlmlmia  spreiitling  in  a  regi- 
often  classed  uiiiler  the  same  hfiniing.  Biseases  of  the  eyas  are  a 
'  veiy  cousidL'.mlile  ineUiuieru'y  iu  thf^  array,  and  even  a  casual  visitor 
loyal  Victoriii  Hospital  ituist  bo  stnick  hy  the  large  uiunher  of  men  ho 
witJx  who  have  some  atfcctiou  of  the  eyeai  A  refcrenee  to  the 
iedioil  Rfi ports  will  also  show  what  great  attention  is  being  paid  to 
►rtaut  subject  by  military  surgeons,  eapecially  by  my  coUeague, 
Lougmore.* 

,C8  of  mihtary  ophthalmia   (grey   or  vesicular  gmnubitions,  and 
indent   ophthalmia),  socm   to   have   been   uncommon*   or  perhaps 
on  the  large  scale  in  the  wars  of  the  eighteenth  century. 

►,  as  we  now  see  it,  is  one  of  the  legacies!  which  Napoleon  left 
world.  His  system  of  making  war  with  little  intermission,  rapid 
Is,  abandonment  of  the  good  ohl  custom  of  winter  quarters,  and 
lure  of  regiments  from  sevoral  nations,  seem  to  have  given  a  great 
Eo  the  ili^ease,  and  though  the  subsequent  years  of  peace  have  greatly 
1  it,  it  has  prevailed  mora  or  less  ever  since  in  the  French,  Pnissian, 
n,  Bav&cuui,  Hanoveniin,  Italian,  8i>anish,  Belgian,  Swetlish,  ami 
L  armies,  as  well  as  in  our  own.  It  has  also  been  evidently  j>ropagated 
the  v\\i\  population  by  the  armies,  and  is  one  more  heritage  with  which 
!.  war  has  euised  the  nations, 
10  cases,  t%&  in  the  Danish  army,  it  has  beeji  absent  till  manifestly 
(in  1851) ;  in  other  instances  it  has  been  suppased  to  originate 
lualy  from  overcrowding  and  foul  baritick  atmosphertj,  and  from 
arrangements  for  ablution. f  Hero,  as  in  so  many  other  citses,  we 
the  question  of  origin  de  novo^  however  important,  nrcd  not  be 
with  that  of  the  necessary  preventive  measures.  What  is  important 
to  know — Jirsl^  that  it  is  contiigions,  that  is,  tnmsmisaible  ;  and, 
tiuifc  if  not  produced,  its  tranamissibihty  is  singularly  aided  by  bad 
ooiumo*latiou. 

tneasiire.%  to  be  adopted  if  military  ophthalmia  prevails — 
oofl  Vtrniilfttit/n  arui  Purity  of  the  Air. — ^In  the  Hanoverian  army, 
yer  redurud  the  number  of  cases  in  an  extraonlinary  degree,  simply 
I  ventilation.  The  only  explanation  of  this  must  be  that  the  dried 
■  of  pus  and  opithelinm,  instead  of  accimudating  in  the  room,  were 
»4way,  and  did  not  lodge  on  the  eyelids  of  the  Iiealthy  men.  The 
>n  of  ammonia  from  decompo«ing  urine  loas  also  been  assigned  as  a 
uid  this  would  be  also  lessened  by  good  ventilation. 
->nld  api*ejir  likely  that  hud  harnick  air  predisposes  to  granular  con- 
itia  by  proilucing  some  peculiar  state  of  the  palpebral  conjunctiva  and 
(kStMmeyer  and  Frank),  antl  if  a  disejised  fiersou  then  intro<hiees  tho 
ylisaase,  it  spiiiads  -with  great  rapiiUty,  or  jioseibly,  as  Mr  Welch's 

tkoliuoAcopes  are  ni>w  issued  to  tbe  liiETBrent  stations,  and  an  Opiithaliuoscopic  ManTial 
dniwn  up  by  >]r  Itonzmora  for  the  uho  of  army  nieiiLfflfll  ofljctjrs.  Am  fnvlug  n  good 
f  Qiilttary  ophthAlmia  m  the  Britbli  unriy,  the  exe^llent  pi^rs  of  Dr  Frank  (Army 
Report  for  18^0)  and  Dr  MorHtou  jBealts'!*  Archives)  should  be  also  referred  to.  A 
jfMtiug  paper  has  also  bten  published  by  Mr  Welch,  22d  rwltneot  {Army  Medical 
ml  V.  p.  4|l4,  lM5}f  on  thi*  UauM.'a  aiding  the  DKVelopmeiit  of  Gmaul&tiuUA  at  M&ltsu 
nioJHt,  impure  otruoapheiti  is  ehuwn  to  imve  a  great  imiluetice* 
pr  Frnnk's  pap«ni  {Army  Medical  Report  for  1S*50,  p.  4tJ<i)  (or  ftomftTtmwtVft  oii  ^&a 
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fact-8  seom  to  show,  tlie  impure  atniospliere  is  the  great  caij^e,  and  coni 
only  secondary, 

2.  Careful  Ahhdion  Arrangemrnis. — An  insufficient  supply  of 
cleansing  basins,  and  the  Mm  of  the  ftame  towels,  are  great  means  of  sp 
the  disejise,  if  it  baa  been  introduced.  %Mm^ never  men  u&e  the  saine 
they  should  be  taught  to  tborougldy  cleanse  them  ;  and  it  would  Ix^  weU  4 
in  every  military  ablution  room,  the  men  were  taught  not  only  to  allow  t&f 
dirty  water  to  mn  away,  but  to  refill  tlir-  linsin  with  water,  which  the  Oi4 
comer  would  let  oil'  before  filling  with  fresli  water  for  himselt  If 
medifinism  could  be  devised  for  thi*i,  it  would  he  very  useful  The 
towed  m  a  most  common  cause  of  |iropagation  ;  or  a  diseased  man  usijig  al^ 
the  same  towel  may  reinoculate  himself.  The  towels  shouhl  be 
frequently  washed  (probably  every  day),  and  should  be  dried  in  the  open 
never  in  tlie  abbition  room  or  barrack. 

In  some  cases  special  al)hition  aiTangementJS  may  cause  a  good  d< 
granular  conjunctivitis.  In  1842  and  1H43  I  witnessed,  rn  a  regiment  ii< 
liin<led  in  India  from  England,  a  very  great  number  of  cases  of  this  kind  :  tii 
su]>ply  of  water  "was  very  insufficient,  many  men  iLsed  the  same  basins,  whicti 
were  A^ery  imperfectly  cleaned  ;  the  same  l>asina  were  used  for  washing,  ami 
also  for  dyeing  clothes ;  at  that  time  the  men  in  the  cold  months  wew 
trousers  of  a  black  drill ^  and  when  the  dye  came  off'  they  were  accustonir^l  r> 
rutlely  replace  it ;  they  theniselYe^  ascribed  the  very  prevalent  ophth  r 
the  irritating  effect  of  tlie  jjarticles  of  the  dye  left  in  the  basins,  and  ^  r 
into  tl*e  eyt*s.  There  were  enormous  granulations  on  both  upper  and  lov^n 
lids,  and  the  disease  was  believed  to  be  communiciihle,  hut  whether  tJi^ 
affection  was  strictly  to  be  classed  with  the  vesicular  granulations  I  do  tu4 
know. 

3.  In  some  cases  the  use  of  the  hedding  (pillows  and  pillow  casea),  whidi 
has  been  used  hy  men  with  grey  granulations,  has  given  the  disease  to  otJ 
and    this   has  especially   occurred  on   boani    transpurts.     In    time    of 
especially  this  should  be  looked  to.     II  any  cases  of  ophthalmia  have 
on  boartl  ship,  all  the  pillows  and  mattresBea  should  be  washed,  fui 
and  thoroughly  aired   and  beaten.     The  trjinsference  haa   bet^n  in  this 
direct,  particles  of  pus,  <tc.,  adhering  io  the  pillow  and  mattreaees,  and 
getting  into  the  eye^  of  the  next  comers. 

4.  Imme<liately  the  disease  presents  itself,  the  men  should  be   compL 
isolated,  and  allowed  to  have  no  communica,tion  with  their  comrades.     It 
been  a  great  question  whether  a  Government  is  justified  in  sending  goli 
home  to  their  frien<lsj  as  the  disease  has  been  thus  carri^l  into  prtm* 
healthy  villages.     It  would  seeni  clear  that  the  State  should  bear  its 
burdens,  and  provide  means  of  isolation  and  perfect  cmre,  and  not  throw  the 
risk  on  the  friends  and  neighhours  of  the  soldier. 

An  imjMDrtant  matter  to  reiaemher  in  connection  with  grey  granulatioiit 
is,  that  rela[»scs  are  very  frequent  ;  a  man  once  affected  has  no  safety 
(Warlomont) ;  simple  causes  of  catarrh  and  infiammation  may  then  reijidiioi* 
the  specific  grey  granulations  with  their  contiigious  characters  ;  so  tliat  a  nuui 
who  has  once  had  the  disease  is  a  source  of  danger,  and  should  hb  wal 

Vmereal  DUeaaes  in  the  Army, 

It  is  convenient  for  our  purpose  to  put  together  all  disease  ansing  fwoi 
impure  sexual  intercourse,  whether  it  be  a  simple  excoriation  which  has  bofu 
inoculated  with  the  natural  vaginal  mucus  or  with  leucorrhceal  dischargee,  ( 
which  may  produce  zome  inguiual  swelling,  aud  may  either  get  well  in  a  ; 
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days  or  List  for  seveml  days ;  or  whetlier  it  bo  im  infltimnmtion  of  the  uretlira 
prutlucud  by  specific  (or  non-epecitic  I  leuct^rrhcbal  ?)  discharge ;  or  whether  it 
b«  one  of  the  forma  of  syjiliili^  now  dingiiosed  aa  being  in  all  probibiiity 
8«iKirat«*  and  stpocijd  tlise?i.se-s,  hitving  particuliir  courses  and  teruiiiiatioiiij. 

In  the  army  men  enter  the  hos|»itiil  fi^m  all  these  causes,  and  from  the 
remoter  effects  of  gonorrhaea  or  syphihs,  orchitis,  gleet,  strictuie,  bkddt^^r  and 
kidney  affection ;  or  syphilitic  diaeases  of  the  skin,  bones,  ejee,  and  internal 

The  gross  amount  of  inefficiency  in  tli6  army  is  tolerably  well  known,  but 
it  will  require  a  few  more  veal's  befon'  the  seveml  items  of  the  gross  amount 
are  prL»perly  made  out  Tliis  arises  partly  from  an  occasional  great  difficulty 
in  tlie  diagnosis  of  true  infecting  syphilis,  and  partly  from  a  want  of 
nnifonuity  in  nomenclature. 

The  comjMirative  amount  of  army  and  civil  venereal  diseases  is  not  known, 
because  we  have  no  statistics  of  the  civil  amount  It  is  no  doubt  great  It 
is  a  question  whether  a  large  majority  of  the  young  men  of  the  upper  and 
midLlle  classes  do  not  suffer  in  youth  from  some  form  of  venereal  diseases. 
In  the  lower  classes  it  is  perliaps  equally  common. 

Tlie  sequences  are  most  serious  ;  neglected  gleet,  stricture,  secondary  and 
tertiary  syphilis,  are  sad  prices  to  pay  for  an  unlawful  {in  some  cases  a 
momentary)  gratification  ;  and  in  the  anuy  the  State  yeiirly  suffexa  a  large 
pecimiary  loss  from  ineMciency  and  early  invaliding.  In  campaigns  the 
inefficiency  from  this  cause  has  sometimes  been  great  enough  to  ahirm  the 
generals  in  coimnand,  aud  to  increase  considerably  the  labour  and  sufferings 
uf  the  men  who  are  not  affected. 

The  preventive  measures  against  venereal  tliseases  are — 

h  Cmitinefu'fK — The  saxual  passion  in  most  men  is  very  strtmg. 
Providence  has,  indeed,  made  it  strong  tmough  to  lea*l  men  to  defy  all  dangers^ 
and  to  risk  all  cunsequencea.  It  has  been  supposed  by  some  that,  in  early 
manhooJ,  continence  is  impossible,  or  if  practised,  is  so  at  the  risk  of  other 
habits  being  formed,  which  are  more  hiirtfid  than  sexual  intercourse,  with  aU 
its  dangers  But  this  is  surely  an  exaggeration  ;  the  development  of  this 
passion  can  be  accelerated  or  delayed,  excited  or  lowered,  by  various  measures, 
and  continence  becomes  not  only  jxi^aible,  but  easy. 

For  delaying  the  advent  of  sexual  pubfirty  and  desire,  two  plans,  in  addition 
to  the  restraints  of  religious  duty,  ctm  be  suggested — absence  frrmi  exciting 
thijughts  and  temptation,  and  the  systematic  employmeot  of  muscular  and 
luentai  exercisa  Tlie  niiudB  of  the  young  are  often  but  too  soon  awakened 
to  such  mtttters,  and  obscene  companions  or  books  have  lighted  up  in  many  a 
youthful  br«ast  that  feu^en/er  which  is  more  dangerous  to  many  a  man  than 
the  sharpest  fire  of  the  battlelield  would  be.  Among  young  soldiers  this  is 
especiaUj  the  case  ;  while,  in  spite  of  the  exciting  literature  of  the  day,  and 
of  the  looseness  of  some  of  the  older  boys  at  the  public  schools,  or  at  the  uni- 
vewities,  the  moral  tone  of  the  young  gentlemen  of  our  day  is  better  than  it 
was  some  half  century  ago,  the  conversation  of  the  classes  from  which  the 
soldier  ia  drawn  is  still  coarse  and  lewd  as  in  the  middle  ages.  There  is  too 
close  a  mixture  of  the  sexes  in  the  English  cottages  for  much  decency,  and  the 
young  recruit  does  not  often  require  the  tone  of  the  barrack  to  destroy  his 
modesty.  In  fact,  it  is  possible  that,  in  good  regiments,  he  will  find  a  higher 
moral  tone  than  in  the  factory  or  the  harvest  field. 

We  must  trust  to  a  higher  cultivation,  and  especially  to  religious  influences, 
to  introduce  among  the  male  youth  of  this  nation,  in  all  its  grades,  a  purer 
moral  tone,  so  that  the  safeguard  of  modesty  and  religious  scmples  may  be 
cultivated,  and  not  destroyed     lu  the  army,  the  example  of  the  otficers,  ami 
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their  exertions  iu  tMe  way,  would  do  great  things,  if  w*  eoidd  kept  Aibfl 
I  high  moral  tone  which  happily  exist®  in  ecrnie  casee  conJd  nufon  ill  H 
If  excitinis'  aud  lewd  conversation  and  thuugbt^  ahauld  be  ^Jmtmoffi^M 
moial  and  religions  teaching,  it  ib  not  the  less  neoettuj  to  nre  tb  |i^H 
from  temptatif jiL  The  youth  of  thig  nation  are  now  aoraly  teiBfif«4  iit^M 
our  f^treets  prot^titution  is  at  every  comer,  WTiatever  may  he  t£»  obi^  | 
to  police  regiilation&,  we  haveenrely  a  right  iodemftnd  thai  the  pnant  ijiat  I 
of  temptation  shall  he  altered.  It  may  not  be  eaisy  to  exclude  ill  prwtn^  I 
(\specudly  of  the  better  cLasB  (whose  calling  ia  lees  eaoUr  bfrou^  InAHJ 
them),  from  pnblic  thoroiighfaree,  but^  procticallj,  open  proetitiilm  <1^H 
leccignifled  and  made  to  disappear  from  our  streets  It  has  beien  naid  ^HH'^I 
regulationB  are  sufficient  for  this  ;  they  have  never  vet  proved  io  ;  ^1^1 
EuTopeun  country  but  England  ia  prc^stitution  so  open  and  so  unditgioiil^l 

In  the  Acts  paased  in  1864,t  1866,  and  18B9,  and  in  the  LieeiiiuagliH 
1872  (Acts  of  the  greatest  importanoe,  a£  the  first  steps  in  an  gfficMiili|^B 
tion),  authority  has  been  now  taken  to  prevent  prostitntee  frciai  «0fli^B 
in  the  publichousee,  and  to  a  certain  extent  souroea  of  temptation  hAiil^| 
removed.  ^H 

If  young  men  can  thus  eeo&pe  an  appeal  to  their  pifinmimti^  ^"'^''''^^l 
much  more  easy.  There  are  times  when  the  strictest  viitae  may  ^^^| 
ffueh  an  apjieal  Human  nature  is  but  too  weak^  and  iMede  eveij  irfi|^| 
it  can  get.  ^H 

As  aida  to  continence,  great  physical  and  mental  exertion  are  moil  pM^| 
It  woidd  seem  that^  during  great  exercise,  the  nervons  energy  is  expal^| 
that  way^  and  erotic  thoughts  and  propensities  are  leas  pmnnixieiil ;  li^| 
with  mental  exercise,  in  perhaps  a  less  d^;ree.  The  eKtablishmeiit  ftf  ^^^M 
sports  J  gjTnnasia,  and  cumfortable  reading-roome  in  the  armj^  may  bta|^| 
to  have  aome  intlncnce.  ^M 

Temperance  is  a  great  aid  to  continenoe.  In  the  annj,  the  ialo^H 
men  give  the  greatest  number  of  cases  of  s^^philis  ;  and  when  a  man  g^H 
attack^  it  is  not  infrequently  found  that  he  wad  drunk  at  the  time*        ^| 

The  me^usures  which  promote  continenoe  are  then —  H 

(a)  Thv  cultivation  of  a  religious  feeJiug,  and  of  pure  thought  and  eiSI^| 
tion  among  the  young  soldiers,  by  every  mejins  in  our  jnower.  ^| 

(b)  Removing  temptation  and  occaaons  to  sin«  ^M 
(cj  Constant  and  agreeable  employmenti  bodily  and  mentally  ;  m  iJlfl 

is  one  grt^at  cause  of  debauchery.  H 

(d)  Tempemnoo.  H 

2.  Marnafje. — It  is  very  doubtful  whether   those    who   cmAiiom  ^| 
man-iages  among  the  working  classes^  on  aecount  of  iniptx7videnc«v  stt  rt^| 
right  in  theii'  argument     The  mond  effect  of  prolonged  celibacy  hti  JH 
been  consiih_'red  %  them,     l^bably  the  early  maniageis  are  the  mlvili^l 
the  working  youth  of  this  country ;  and  in  the  present  condition  of  tii  Idfl 
market,  the  bt^t  thing  a  working-man  can  do  is,  as  early  a  p^^istbAe^  to  ^^ 
Ms  home,  and  to  secure  himself  both  from  die  temptations  and  expiB*' 
bachelorhood.     In  the  case  of   the  soldier  the  conditions  a»  ditfi«^i^ 
dlfierent  men  ;  the  jvrivate  soldier  who  has  enlisted  for  long  sernce  {M  f^ 
-  , . ^ . ^ 

♦  The  effftd  of  thk  upon  tlit  virtuoni*  female  population  it  vi«rf  BcrtoiMi.  Eygfyiifirf* 
Li^nilon  aeea  the  fine  clotbea  and  hearR  of  the  icUe  laxunous  live*  of  ike  iroiiiBi  of  l^tA 
Aud  koowa  that  i>ecaaionAUy  r««p«ctable  uiArrirk^e  emls  •  life  of  irtoe.  What  m  to^MA^ 
aluintlon  the  hard  work  md  the  drudgery  of  semcf:  for  auch  a  ctmer,  ofwludl  A»a#44 
the  bright  side  !  It  is  a  tttuptition  ^m  whic^  the  St^to  shonld  imve  her.  8ii  '  ''  ' 
prostitution  as  a  degraded  e*Uing  oaJj,  with  its  restrict  ion :»  and  ita  iocoorenicocei, 

t  An  Act  (or  tW  ?T(>^«Tkt\cm  ^  CWaXa^cuorca  Vy^MAamb  &t  Certain  Naval  and  MHiitfT  i 
166i  \  an  Act  lov  tbu  b«UA»  Vt«^r«&HikQni»  I&a.,^»^  i^wa  ^-  ^-^^-^ ^f  ,„        ^  um 
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I  mod  prospect  of  renewal)  carniot  marry  for  seven  years,  and  then  only  7  per 
iivut  am  many  with  leave.  It  waa  difficult  to  avoid  this,  and  the  conse- 
quenciis  were  certainly  most  serioua.  Under  the  new  system  of  six  years*  en- 
listment, and  passage  into  the  reserve,  a  soldier  will  not  marry  at  all,  and  it 
is  of  course  deairablo  he  should  not  do  so.  If  he  eidista  at  eight<?en, 
at  twenty-four  he  will  be  free  ;  aii<l  if  ktipt  in  full  o€cu|iatioii,  and  a^  far  as 
jhissihle  sliielded  from  fceinptation,  the  burden  of  nolibacy  will  n<jt  w»^igh  npon 
him.  G.)ntineiicc  would  bo  desii-ahle  for  hb  hoalth,  and  fur  the  welfare  of  his 
future  otifoprin^  The  short  service  now  introduced  may  indeed  greatly  influ- 
ence this  matter,  and  certainly  has  removed  from  preasii^  diBcussiun  the 
question  of  miirriage  in  the  infantry  of  the  army. 

3.  Prff^tutiims  uijaiiud  tjie  Distmse, — Admitting  that,  in  the  case  of  a  body 
of  unniamc^l  men,  a  certain  amount  of  prostitution  wili  go  on,*  eo  me  thing 
may  Ix^  done  to  prevent  disease  by  extreme  cleanliness,  instant  ablution,  and 
by  the  use  of  zinc,  alum,  and  iron  wa^es,  or  similar  lotiona  after  connection, 
and  by  the  oonBtant  use  by  prostitutea  of  simOar  washes.  It  may  se^jra  an 
oflence  against  ntorality  to  speak  of  such  things  ;  but  we  mnst  deal  with  things 
aa  they  are  ;  and  our  object  now  is  not  to  enforce  morality,  but  to  prevent 
disease.  The  use  in  brothek  of  these  mea8un%^  ap|iear9  to  be  more  efficacious 
than  any  other  plan.  In  some  of  the  French  towns  thie  nae  d  lotions  and  wash- 
ings is  rigorously  t^nloroed,  with  the  dfcct  of  leeaening  diaeaiie  oonsiderabiy. 

4.  Detection  atui  Ottrc  of  Diseased  Men  and  Wcmen^ — ^In  the  case  of  the 
soldier  who  has  medical  advice  at  hand,  it  eeems  of  the  greatest  importance  to 
have  instant  medical  aid  at  the  first  sign  of  diseaaa  But,  instead  of  this,  the 
aoldier  conceoiLs  his  ailment  as  long  as  posaible,  because  he  will  be  sent  to 
hosjiital^  put  under  stoppages,  &c,  A  late  reguktitm  has  made  this  even  more 
stringent,  but  surely  its  wisdom  may  ha  (|Uii8tioned.  Surely  the  soldier 
shoidd  be  enc^^uraged  to  make  ininiediate  application,  and  he  should  certainly 
not  be  punished  for  a  fault  which  his  superiors  commit  with  impunity,  and 
for  which  the  State  is  in  part  answerablo  by  enforcing  celibacy.  Our  object 
is  to  preserve  the  man's  health  and  services  for  the  Stat^ ;  we  shaE  not  accom- 
plish this  by  ignoring  what  is  a  common  conae*pienoe  of  hiw  conditions  of 
eervioe.  Health  inspections,  which  are  not  now  obligatory,  ought,  in 
my  opinion,  to  be  made  weekly  by  the  sujqgeom  I  believe  the45e  inspections, 
when  carefully  made,  to  be  of  the  greatest  eervice.  Some  medical  officers  used 
to  consider  them  derogatory  to  themsetvefl^  and  ehiired  them  over.     I  can 


*  WhOe  ttjiag  thii,  Ukd  while  dealing  triih  whAt  ftctit«ny  eiiat?,  I  dn  not,  for  a  luoiaaiiti, 
share  the  opinioiia  of.thoiie  who  look  cm  proititatioii  not  oidy  aa  a  necessity,  but  w  »  good— ti 
a  shidd  aeainflt  worse  vices,  and  as  a  guard  against  attempts  cm  mairied  virtue.  Onu  feels 
iastiiMitiWiy  thsd  such  aiininieiEits,  however  plansible  at  first  sight,  are  antme.  In  fact,  they  do 
SiOl  bear  inveatigatioiL  Develop  the  case  to  a  general  rule  (as  Pal«j  advised  to  b«  done  la  all 
AlgoniQiitt).  and  Its  fallacy  is  tnanifest  The  more  prostitution  ia  eitendedt  the  more  oncroftaii* 
ment  does  it  nrnke  cm  maniafle— the  aafegiuud  of  tfm  humao  raoe.  In  its  smallest  degree  it 
does  this.  If  extended,  prosotatioD  woula  begin  to  abake  the  y&y  stroctiue  of  society,  for  the 
rtlatioa  of  the  sexe^,  the ImpoYetnent  of  both  men  amd  women,  and  the  ears  and  culture  of  tlie 
ofisprlng,  would  beoofua  emla^red.  The  mare  it  ia  cotmdered,  the  noro  clearly  will  the  t«r- 
nUe  cooaeqtunoes  of  aa  axtewfed  prostitution  come  out  But  apart  from  this  general  view,  the 
^ffaet  ou  the  individuA]  man  is  diaastroua,  evaD  if  he  escape  veiMreal  dIsMsa.  AssocUtion  with 
a  sind«  woman  is  a  safeguard  agai&ai  eaoese  ;  but  if  tne  apmiitt  la  stimulated  by  constant 
varf«[j,  it  is  impossible  to  avoid  exoeair  and  its  enfeebling  eneots  on  the  Vn^ly.  It  is  worse 
than  polygamy,  as  aemal  Incercouna  with  different  feouales  is  metro  vaiiad.  In  )>olygamy,  alio, 
it  la  wall  known  that  our  coumion  Botioo  of  a  ^rent  Dumber  of  wives«  is  erroneoiiH  ;  a  stop  is 
itiit  by  the  expense  ;  and  in  the  potygamcnis  uationa  the  minority  of  men  have  only  one  wif^. 
WbenleTcr  station  or  ridiM  eoable  a  man  to  have  mora,  ha  pays  for  his  gmtitlcatiou  by  an 
enfeebled  health,  and  by  a  degenerate  oflspring. 

It  is  not  without  physiological  cauae  tbnt  Christianity  haa  forbidden  prostitution,  in  term  it 
wliich  make  us  understauid,  even  better  than  the  writings  of  Terence  or  Juvenal,  bow  W'di^ 
spread  and  deadly  wns  the  prostitution  of  antiquity,  and  how  the  strength  and  wellbeiag  (if 
men  wtre  being  nndermined.     I.h  there  no  danger  that  we  may  require  iiimilar  warainjgi  t 


pTecaution  which  the  State  is  surely  Ijoimd  to  inks,  S 
follow  a  dangerous  trade — as  dangerous  as  if  she  stood  at  i 
exploding  gim|jowder.  By  pnictiaing  this  tnide  she  ou^ 
herself  under  the  law,  and  tht»  State  must  take  what  precfl 
vent  her  doing  iniscliiof.  The  State  caunt»t  prevent  pro« 
see  no  return  to  the  st*?m  old  Scamlinnrian  lair  which  ptn 
with  stripes  and  death  ;  hut  it  iiS  no  more  interference  wil 
giibject  to  prevent  a  woman  from  prcipagating  fiyphiUs^  1 
prevent  her  propagating  smallpox* 

The  ditliculty  k  to  detect  when  she  is  diseased.  A 
pyBtem  ia  in  use  for  this  purpose  ;  l>rotheJfi  are  registered 
ri^gularly  examint^i.  In  this  country  such  a  system  seeana 
like  a  reeognition  of  the  inevitablenejjs  of  prostitution,  am 
a  sanetion  of  it.  It  does  not  present  itself  to  me  in  this  1 
matter  rjf  i)r«L^cautioii.  A  custom  exists  which  we  cannot 
viute  itji  eHbets  as  best  we  may,  while,  at  the  same  time,  b; 
better  n!hgiouB  teaching,  we  endeavour  to  gitiduaUy  vemo 

A  partial  adrtption  of  this  plan  hm  been  commenoed 
naval  authorities  in  this  country,  and  Acts  have  l^een  imoB 
1869)  by  mtmns  of  wliich  the  prostitutes  of  certjiin  militar 
are  brought  under  supervision,  f  The  important  clatise  i 
is  clause  15,  which  provitles  that  wdien  an  information  h 
a  woman  in  a  coimnon  prostitute,  living  %nthin  the  Uk 
which  the  Act  applies,  or  having  been  within  those  liiuit 
pixjstitution,  a  justice  may  issue  notice  to  such  woman,  tl 
tend  en  t  of  pohce,  to  apj>ear  for  meiiical  examination*  Sh< 
continued  inspection,  and  cettifiet!  Lock  Hospitals  are  pre 
ment  if  she  ia  discovered  to  be  ilk  Clause  36  is  also  an 
imposes  a  pt'nalty  of  £20,  or  iinpriBonment,  with  or  with^ 
any  biothebkeeper  or  owner  of  a  house  who,  having  reasoi 

*  Those  persoQii  who  aliut  their  eyes  to  ' 


VENEHEAL  DISEASES. 


505 


an  to  be  a  protftitute,  and  to  hQ  affected  with  a  contagious  disease, 
tOours  her  to  resort  to  the  Iiousl*  for  the  iinriH\^e  of  prostitution. 

this  Act  camo  into  force  on  th«  Ist  O(.;tober  I8G6  ;  and  in  somo  stiitioas, 
t  Aldershot,  it  was  really  more  than  Imll  a  year  after  this  time  ht*furci  it 
i  be  put  into  force. 


AdmimoHB  of  Primary  Venereal  Sore  per  1000  of  Strength. 


^^                                        Stations  under  thb  Act, 

1S«T. 

i»Ba. 

1869. 

1^0. 

IBTL 

187). 

1S7S. 

1674.* 

1«76,* 

187«* 

Pljnioath,     , 

76 

66 

74 

.5& 

&0 

50 

87 

36 

29 

27 

ForUtnouth,* 

lid 

m 

62 

51 

41 

40 

44 

48 

30 

27 

Chmthdm, 

n 

63 

41 

47 

65 

40 

41 

33 

17 

33 

Wwlwieh,     . 

88 

46 

52 

43 

68 

60 

60 

47 

50 

42 

AJd*-r.^hot,     . 

81 

77 

63 

67 

65 

62 

72 

52 

46 

47 

Bover,       .     . 

132 

111 

SO 

30 

24 

47 

38    ' 

37 

27 

30 

StaTIOKS  not  rNDJSE  THK  ACT. 

I^nrlon,    .     . 

163 

148 

144 

160 

100 

199 

185 

170 

187 

140 

Sh^^ftiild,  ,     . 

163 

107 

146 

77 

126 

08 

71 

40 

87 

110 

Mil ri<' heater,  . 

177 

115 

160 

n 

70 

OS 

91 

106 

89 

113 

Dublin,     ,     . 

Vl^ 

130 

180 

128 

117 

165 

136 

95 

73 

76 

Ule  of  Wight, 

m 

103 

129 

64 

66 

57 

37 

SO 

89 

54 

BcrlOmt,     .     . 

8D 

56 

52 

43 

61 

78 

103 

64 

44 

57 

Kilice  the  passing  of  these  Acts  there  has  been  a  most  dceidt^d  di'treriso  in 
miniber  of  primiiry  venenml  eoif^s  at  all  the  military  iit^itious  under  tlie 
JoomfMired  with  nun-protected  stations.  And  tJiis  Ls  tlie  more  flat  is  factory, 
roue  the  frespient  iiioveinent  of  tlie  troopis,  anil  the  number  of  stutioiis 
-where  there  is  no  funtml  of  disease,  reader  the  working  of  the  Act^  difhcult 

Im  rocord  for  the  yeara  1867-76  at  a  few  stations  will  show  tlie  decrea^je  (see 
Of  course,  it  is  difficult  to  compare  ^mrrison  and  commercial  towns,  still  the 
&ve  figUTe«i  show  a  decided  deehue  iu  the  controlletl  stiitions. 
But  the  folio'^viug  figures,  kindly  given  me  by  Dr  Balfotir,  are  quite  con- 
viueirjg. 

In  1871  and  1872  there  werf;  fourteen  stations  under  the  Contagious 
IHseasea  Act,  with  a  mejin  strength  of  51,400  men  ;  putting  against  these  other 
fourteen  stations  not  under  the  Act,  with  an  average  strength  of  19,953  men, 
have  the  following  ratio  :— 


f 


Admismon  per  1000  of  Sirength. 


Venereml  Sore, 

GanorThteiu 

Stati<ms  under  the  Act,      .     ^^l^' 
StatioDH  not  under  the  Act,     \^ll' 

50-6 
63*3 

934 
128-2 

116-9 
1051 

107-4 
105^0 

It  must  be  remembered  that  at  present  gonorrhcca  has  not  iKien  touched 
by  the  Act,  for  want  of  hosjiitid  accommodation,  so  tlmt  the  eqmd  amount  of 
gonorrhoea  of  the  two  classes  shows  tlmt  the  onormous  lessening  of  primary 

♦  Stopimge  of  pay  in  force. 
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venereal  sore  in  the  controlled  stations  is  owing  to  a  real  dimiBUtioii  of  «ypMiv 
and  not  to  lessened  frequency  of  inti^rcoiirse.*  This  is  proved  agftin  hj  tba 
following  figures  given  mo  by  Dr  Balfour, 

In  1864,  the  year  before  the  Act  came  into  operation,  the  airen^e  admissu)!!! 
at  all  the  statioas  from  primary  vi^nereal  sore  were  108 '6  per  1000.  In  ISIi 
at  the  uncontrolled  stations,  the  number  was  etill  higher,  bein^  123 '2,  so  UmJ 
Bjpbilis  had  not  declined  in  the  unajntroUed  stations.  But,  as  already  mL 
in  the  control Itxl  stations  in  1872^  the  atbuissioiis  were  onl^'  53-3,  Tbei^furDi 
the  gain  to  the  iState  in  the  controlled  stations  was  (108 -0-53 -3)  55  aclmisaioo? 
less  per  1000  of  strength  ;  and  in  a  mean  strength  of  50*000  men  tiie  Btaw 
waa  saved  the  cx)8t  of  2750  cai^es  of  primary  yenenml  sore  in  that  year,  toi 
the  men  were  saved  the  enormous  injury  to  their  health,  which  would  otbt^ 
^v[se  liave  resulfcefh 

Let  the  facta  be  put  in  another  form.  Taking  the  firefc  oefven  yeara  that  the 
Acts  were  in  operation  (before  the  introduction  of  the  stoppage  rcsgnlation  in 
1873),  viz,,  1865-72  (thotigh  in  the  early  years  the  operation  wns  partial  and 
imperfect),  we  have  the  following  figures  : — 


Admimonper  1000  of  Strength,  1865-72  indumte. 


All  stations  not  under  the  Act  (inean  > 

strength  32,528  men),       ...  J 

Stations  under  the  Act  (mean  strength  \ 

30,765  men), / 


rnmu7  Seres. 

.      103-1 
62-8 


Ill  9 
IISH) 


There  was  thei^eforo  a  practical  identity  in  gonon^hceal  admisBicms,  bnt  thi 
annual  ailmiasiona  for  primaTj  venereal  Bores  were  reduced  in  the  controlled 
stations  by  40*3  per  1000.     In  the  eight  years  the  State  was  therefore  mvt  * 
very  nearly  10,000  cases  of  syphilis  \  and  supposing  each  demanded  twen^ 
days  of  trciatmenfc  (which  is  moderate),  200,000  days  of  sickness  have 
saved  in  eight  years. 

Buch,  then,  has  been  the  operation  of  the  Act  umler  many  disadvantages. ' 
but  tliis  has  not  been  its  only  bem*Hcial  ifTect. 

The  Act  at  the  large  stations  has  done  great  gooi!  in  some  other  direction 
especially  as  regards  the  women.  Many  women  have  lieen  reclaimed 
horrible  juvenile  profltitiition  hfis  almost  ceased,  and  comparative  deoencr  1 
been  taught  in  the  hospitals.  Still  the  Act  is  too  feebly  dmwn,  and  1 
j)nrtially  cairied  out,  to  cope  entirely  with  the  evil  The  prostitntes  aie  vaA 
thoroughly  under  inspection  ;  many  are  not  inspected  at  all  ;  neighhotxriDg 
towns  send  in  prostitutes  ;  and  lio&pital  accomiiioilation  is  itisnflieient. 


•  I&  thi  wftmn  for  187ft,  we  AM  the  fdlowing :- 


PdinaTT 

CronprrfaoM. 

14  Stations  under  l^e  Act,  1 
fltreagth  48,620^     .        .  f 

14  Stationn  not  thicIct  the) 
Act,  strewgtii  18^790,      -  f 

S3 

08 
89 

All  tlie  fitatJona  not  under  the  Act,  Rroaped  togelber,  show  a  m«an  strei»th  of  39,073,  will 
2,411}  admiasiouB  for  pnm&ry  vemtitml  j^oreiv  or  63  per  liKX^  ftp:atnst  33  per  1000  in  tbe  eUtio 
tttuler  the  Act.    The  iliflbrence  is  thus  nmlntainecl  m  the  Nt^ktiuiLs  nmltr  the  Act,     Much  ! 
b««n  made  by  the  O|iponent8  of  the  Acta,  of  tho   fftct  that  the  mcu  (ninct*  1873)  have  N 
siihjocted   to"  stoppiiges,  which   has  ^presuniably)  led  to  coaewttlrafiit  of  diaetv**©.     But  it  J 
obvtouH  tliAt  if  thifi  lie  tho  caso,^  tlio  jnllaeac«  Ttm.4t  aJfect  all  tttAtlonfl  equally^  yet  wc  i 
Hud  the  highest  ratios  (even  in  goaorrhiea)  in  the  uud -pro  tec  ted  stations. 
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The  proetitates  from  surrounding  districts  not  in  the  Act  also  come  into 
these  towns  and  camps,  either  remaining  for  a  few  days  and  then  disappearing, 
or,  if  diseased,  stopping  till  they  can  get  admitted  into  hospital  Eegiments 
coming  from  other  quarters  not  under  the  Act ;  men  coming  from  furlough  or 
detachment,  also  introduce  the  disease ;  in  fact,  the  means  of  evasion  and  of 
re-introduction  are  numerous. 

One  consequence  of  the  Contagious  Diseases  Act  was  to  make  public  the 
most  frightful  state  of  things  among  the  women  of  our  garrison  towns.  Tlie 
vivid  picture  of  the  Chathsmi  prostitute's  life,  drawn  by  Mr  Berkeley  Hill,* 
was  no  exaggeration.  Reports  from  the  Lock  hospitals  at  other  places  would, 
if  published^have  borne  out  all  Mr  Hill  alleged.  Shocking  as  these  dis- 
closures are,  and  mortifying  as  they  may  be  to  our  national  pride,  it  is  by  far 
the  best  plan  to  have  them  made.  An  evil  like  this  must  not  be  treated  in 
the  shade  ;  it  will  never  be  overcome  till  the  public  know  its  proportions  ;  the 
deadly  mists  which  ding  round  and  poison  the  veiy  basis  of  society  can  be 
dispersed  only  when  the  healing  light  of  the  sun  falls  on  them.  It  is  at  any 
rate  encouraging  to  learn  that  the  effect  of  the  Act  has  been  greatly  to  improve 
the  manners  and  habits  of  the  women — ^to  impose  some  restraint  on  them, 
and  to  restore  to  them  something  that,  in  comparison  with  their  former  life, 
may  be  called  decency. 

•  British  Medical  Journal,  1867. 


CHAPTEB    XIX. 
DISIXFECTIOS". 

7=1  'jiTzi.  ~  Lrii-fr'itiz.'L''  "^zli'^  lik?  zi'rw  v:^:zjc  ^zc  prpclir  uae.  \^  imfor- 

a.-T-_:  -•'li.l  !:!::  r^ZLiT*  iiLz.izirrfr;»=.  :l»r  iir  ;♦  rr  rcLets.  to  aaj-  snbetancr 

rr-iriii  ^vrr^fiitiii.  iz.  iz,j  s»":eiLi:K-  u.^  t^iTiifr;— '■^iKa  su j  coatamin- 
iv  -1-'  i^  :  Ti:ir-  :t  iiiiri  i*trn-.  r:  i?  -zar^i  :^t  io  des^znase  i2^  ?iileuiK0 

-.►.  !i..  :•">:—--  Tlii  lij?"  stij»r  2=.  I  :*:i.:'r:~t.  ii:r  =r>b*  cvjiSTscE.  wi  it  b 
'.\y.  "I.'l  ir  -  ItIt  -^i  l-rr^  Tirr  ii:-.ir  iz.  tLi:!  itit  ^-ieoos  are  destiOTed. 
~. .-:;.-:  ::  :k  \j  :xilj.zi:z^  i*t:iiiin;i-  :r  irr^aK  of  p^i-w^h.  is  a  nuner  of 
::.  I.-'t::.  vrr,  ir:~::T:ii  -Jjr  ies^rr^iri .  -  :f  -J^r  i.:i=c.=.  i  aKompIislMd.  Tht 
.■rr.-.-il  :-:rri-  -  iir  -  titIi-tt.'  is  cive-  ii  :li?  -^i^k  lo  ibr^s^  as^nss  which  in 
ir.v  ■"i"  ..rii.ir-  ilr  iir.  ii.  1  Tli.l  iLrrrfire  ir.:I~ir  disiufcciants  («e  pas^ 
:^r\  f  :  :Lr  Air  P— lir?^  .  iz.1  ±z  >rzi-  -Se^i.-  D-.i.-.rKiL^^  to  th.^r 

T;.-  il-irf  L":::^-  •11?'^^*^?  "srLi:!  ir>r  «~pp:i5*=ti  ;.>  ?pK*i  bj  meaos  of 
.-:>-;:  li  >..••: L  -irr  : '.■LTri.:T-:lT  ir^i^ZJiZK^i  izirz  the  L.i=ir  of  -  coiitaiM''>.f  are 
r:-,-  ':j>>:.::.r::i.iU  :  :7pL::5  «riii.:L-rriarl::i? :  ent^rl:  i:TTi:il»  fever  :nriij«ni: 
f  V*::  :  y-ll.,-*'  ferrT :  parjivsnjl  ii.i  ±r  illirii  r*:=i:ne:i:  fevers  :  denirue: 
^i.  !- :ti :  L:r..>pLcr:e  :  iiiduenza  :;  h  >:-r  :l^--:  :  "^h  ;  diphtheria:  errsip^Lis: 
'iv-.::.*>:r.-  'IE:  i.:.nif:  c^s^) ;  pTierperal  fever  :  ?Tj»hiIi»  :  sr;iii>rrh-.ia  :  glanders: 
f'ji;'.v:  ;i;.  1  n^ili^Tiant  p^tde.  There  ire  s^.-iie  few  otheis  mor^  tmoommoa 
t:.:s:.  •.:,':  4>->ve. 

T.v:  tv-Ti  "  •iLsinfectant "  mirht  als»>  be  applie^l  to  SIlb^tazlces  destp^vin^ 
tr :.*///.%  fjT  '.-pipLvtefl  or  entoph\-tes,  but  thvie  i*  a  disadvantage  in  giving  it 
i^j  *x*A.:A^\  a  meaninjr. 

I:  u.-v.  ViU'j  been  a  belief  that  the  spreoii  of  the  infectious  diseases  might 
\tt:  pfrVirnte'l  bv  destrovin^  the  agencies  in  some  way,  and  various  fumuia- 
ti'i/i.-,  fir'rr,  and  flimilar  plans  have  been  employei  for  eenruries  during  great 
epi'i':nii':H. 

Ill  <jv\('.t  to  apply  **  disinfection,"  in  the  mi^dem  sense  of  the  term,  we 
oij;.'lit  to  know — lyf,  the  nature  of  these  contagious  agencies  ;  2^/,  the  media 
tliroij;/h  which  they  ispreail;  and  3</,  the  effect  pr>]duced  upon  them  by  the 
ch'riiiical  ni'rlho'iij  wluch  are  supposed  to  dt-stroy  or  modify  them. 

1.  Hie  Xature  of  the  Ojntaijia.X 
Ih'vA  piint  ifl  at  present  the  object  of  eager  inquiry.     In  the  case  of  one  or 

*  I'tixtWt-.n,  i(jT  ez&mple.  Dirt.  d*Hyg.  art.  Disinfection,  and  many  other  aathors. 

t  It  wilMie  Men  that  the  old  dijitinctions  between  infectious  and  contagious  diseases,  and 
)f«:twfe«:n  rnisuniaU  and  contagia,  are  not  adhered  to.  They  were  at  no  time  thoroughly  defi- 
niU;,  awl  are  now,  I  think,  better  abandoned. 

t  For  a  fuller  description  on  nome  of  thete  topics  than  can  be  given  here,  I  beg  to  refer  to 
my  Ji«ixirt  on  liygiene  for  1872  (Army  Medical  Department  Blue  Book,  \oL  xiiL>. 
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^wo  of  thi"  above  diseases,  the  question  has  been  narrowed  to  a  small  compass. 
In  variolous  and  vaccine  discharge,  and  in  glanders,  the  fKJison  certainly  exists 
in  the  form  of  solid  particles,  which  can  be  seen  by  higli  jx^wers  i]s  glistening 
pfiints  of  extreme  minute nesa,*  lii  cattle  pkgue  blood  werum  there  an^  also 
excessively  .^imall  jmrticlea  discovered  by  Beale,  which  are  probalily  the 
poison.  The  size  of  the  particles  suppiosetl  to  be  contagia  is  most  uiinnte  ; 
some  of  them  are  not  more  than  j^qq^qq  of  an  inch,  ami  Beale  believes  that 
there  may  l»e  smaOer  still  to  be  discovered  with  higher  powers.  Chaiiveau 
baa  wa<*hed  the  vaccine  solid  iwirticles  in  water ;  the  water  did  nut  heeujne 
capable  of  gi\ing  the  disease  ;  the  washed  jmrticlej^  retained  their  power. 
The  epidi naic  scales  of  siarlet  fever  and  the  pellicle  of  the  diphtberic 
membrane  certainly  contain  the  respective  iwisons,  and  after  exposure  to  the 
air  fur  weeks^  ftud  consequent  drying,  still  retain  their  potency.  It  is  more 
likely  that  aolid  matteTfi  should  thus  remain  unchanged  than  liqiuds,  but  it 
has  not  yet  been  proved  that  this  is  so,  and  at  preiient  the  exact  physical  enn- 

«tion  of  the  contagia  of  the  other  infect itius  diseases  remains  doubtful 
The  extraoiilinary  power  of  increase,  and  capability  of  proflucing  their 
te,  possessed  hy  some  of  the  contagia  when  placed  under  special  fostering 
circurofitiinees,  as  in  the  budii's  of  suscejitible  animals,  lead  tci  the  belief  tliat 
they  are  endowed  with  an  independent  life.  The  old  doctrines  that  they  are 
simply  eithor  poisraifius  guises  or  animal  substances  in  a  state  of  chemical 
cbiinge,  and  capable  of  w:>nimiuii eating  this  change,  or  that  like  the  so-adli^d 
ferments  (ptyalin,  pancTeatiii,  diastiwe,  emulsin),  they  split  up  certain  ^bodies 
Hhey  meet,  are  not  now  in  favour, 

B^  The  retention  of  the  power  of  contagion  for  some  tinie»  and  its  final 
loes,  the  destnictii>n  of  the  i>ower  by  antiseptics  wliich  do  not  alFect  the  action 
of  such  btwlies  as  ptyalin  or  diastase,  and  tlie  peculiar  incubative  j^eri^l  which 
la  most  easily  explained  by  suppoeing  a  gradual  development  of  the  active 
agent  in  the  body,  are  more  in  accordance  with  the  hypothesis  of  indejicndent 
ifle  and  power  of  growth, 
^m  The  independent  living  nature  of  the  contagia  is  a  behef  which  lias  long 
fpBen  held  in  various  forms.  At  the  prt^seut  time  there  are  three  views,  each 
of  which  has  some  arguments  in  its  favour, 

(1.)  The  particles  are  supposed  to  be  of  animal  origin,  born  in,  and  only 
growing  in  the  body  ;  they  are,  in  fact,  minute  portions  of  bioplasm  (to  use 
X)r  Bede*s  j^hrase),  or  protoplasm.! 

Tliis  is  the  c>ld  *loctrine  of  "  fomitca  "  expressed  in  a  scientific  form,  and 

ftpported  by  a  fact  which  was  not  know^n  until  ktely.     This  is  that  the 

iependent  hfe  ascribed  t-o  these  particles  of  bioplasm  Ib  no  assumption,  since 

'  are  now  awiu*e  tliat  many  of  the  small  animal  cells  or  hioplastic  moleculi^s 

virtually  independent  oi^ganisras,   having  movements,  and  apparently 

ching  for  food,  growing,  and  dying. 

This  view  explains  smgidarly  well  the  fact  of  the  frequent  want  of  power 

of  the  contagia  of  one  animal  to  affect  another  family  ;   as,  for  example,  the 

non-transference  of  many  human  diseases  to  hmtes,  and  the  reverse.     It  also 

partly  explains  the  non  rrtcurrence  of  the   dLneiise  in  the  same  anin:ia]   by 

eupposing  an  exhaustion  of  a  spiecial  limited  sujiply  of  food,  which  cannot  be 


•  The  obfterratiofis  of  ChanveaUj  Beale^  and  Btirdon-Satiderson,  and  atiU  more  recentl}-,  of 
Bmidwood  ond  Vachtrr,  prove  thi§  very  important  point  by  vbAt  Bcenis  iDdisputable  evidt^nrc. 
It  doe»  not  foUowr  Ibat  all  small  bodii'A  are  in  mt-h  tluidu  tae  "contagia,"  but  the  experimentfl 
wove  that  Home  of  them  muet  be.  In  many  kmds  of  blood tliere  are  numerous  sinall  particlnfl, 
denred,  acconUng  t4>  Kieiw,  from  retrograde  metamorphc»ia  of  white  blood  cells,  and  which 
have  no  contagiouM  property, 

f  Tlifii  rli*w  has  (^en  advocated  with  grf>nt  force  by  Beale  (DU«aM  Q«TiDA,^«i^v\AU\i\\  «a:A. 
Konif  (Tb«  Oeroi  TLoory  of  Disease,  *M  editionj. 


>~-  >-L  ^cT'-v  r:  ziii-  >  ^i-'-sri  -fiir  «.£=?*  pATTMolar  bodily  stractnte  s 
_-  ,•--.:-•  --vr-  -ri.  >.  r  :•  -zjuiLr.i^'.  "•  -'-.z^  Tifc^bes  xxiat  be  in  enteriefm 

-^       :  'r  ~-   ^  T     *-!-=■  "'-•:"«'  >•      C  "^r     C:l»:r  ^il^i.  ZhMX    living  Mwitnal  putkltt 

_.-   T-:i  r:^,:  '•;~:i::~  ir^r?  rzi"  ir  m  ^^i-:   'r^rov,    while  the  ocmtigia  dc- 

j^  Ti-  T^L-n  -r^  li-r  -t-rii  -  ul;^-.^!^-:  V  S»  cf  fungoid  natare^  md te 
-.!_  -  ^  V  1  -ir  ':..:;  ifrrr  ">::i-:  iz-r-c-i-xi  -ib  ^jtt^rma.  This  Tiewi 
--.-  -•  r-  ■_  *  "-:  7»-.il:i4r'--T*  c  "ilir  n:L»i  i2.»i  •fr-rnaou*  growth  of  fiuigi,li!r 
-_  .'  -  1--T-;"--  :'.vrr*  i::!  rr.i;-r2:j  -7  j»:c::z  on  both  starehj,  fiitty, ind 
:_    :z_  _  :  L  -iTftCiz.'.— *.  iz'i  '77  ii»r  "^i"^  'Ji  Tliri  ^'vitain  dieeaseB  of  menaod 

:  .'. *-  L>  iiz-lc'rcr-ilj   -ii:**!  T-  -.irz:-     I:  is  clearlr  a  view  irhick 

-^  .  _  I  1:^  ri^iZL-  7:1^-  ci-Li  .f  :!►:  -  cti^.c*  distettses^  and  has  been  mf- 
-.  "'•'.  '  -  :1-  rx:»:rjLT-7il  ttlItZ'-^  c  Hilli-rr  lad  znanv  others  whohsn 
'-,.  ■"  -.:l-r  :— ii  'Si-.j  za.^*  zz.ri^'^'zjT  -.■irnnned  special  fungi  in  some  d 
'L'-^-  _-.  :A:>.  .  T  '.z^iz  '.'z^ij  i.t~f  rcxt-:'!"^  iz.  '.'uldTatin^  fiuigi  fiom  paitidtf 

:  . .  1:  -T-i-  A:  :l»i  ".>:!*:::  riz-:.  b."»TT-rr.  :lr:  rvidenc*  of  true  and  leoognkf- 
:."-l-  lz.-:.  -^'.k'.LL  rii^r.  ':«:Lr^  "±"1*  i:?*-rT>r5»i  i^-i  inown,  and  forming  tk 
-T.  :-   ■    ii^s.  ■-?  •■'.zy  n-.i  i.c'rcel  rj  :*--r  r^^iobwrrers.     The microoocd 

:  ::  .i-i-r.  t^::  :■  ^ei  :.  :•:  irzL-:*!  rj  :h»e  i:<i:::ejTation  of  the  protoplasm  of 
:::._-.  ..lI  'v'li.l  K.Ci-r  .- r.*ilfri  :-.ir.  i^iir.  derelvp  to  fungi,  are  lookai 
■:■•  :.  '  "^  — iHy  i?  ^-i^   l-.Trir's.; 

7-7   ::-^::.1t*    .:    .-.-TA^-i  i>-  :i  -.v--  »o  V  of  the  nature  of  the 

■  -  L_.  i_v.v:v.i.~  i.,.,  ;:  :1:^:  .l.^?^  .:  rv.i::'>^>  whioh  Xageli  has  seponted 
::  L.  :!.:  :  ij..:..  -1.I  -'-.1:  :  r-n  :!-:  1  -t,;?:  straniniai  presont  known  to  us  of 
'.'..-  .:.!:_  i>  -x-  rlL  TL-fv  i>^  :rr.u-r:  Ivicriri.uZx^irli'a,  Microzrnies,  Vibrioes 
M  :.  :i-.  vV..  Pn-rir  rrl.*::  n  :o  ih^  fv.r.r^  or  to  the  L^^i^'illarinea?,  to  which 
:L- V  •-?■:  :  •■:':.  II «« '.L  c!*rr.  is  y-:  .1  u:.%::cr  ■. :  w:;rni  Jolxate. 

TL .:  :Lt?t  '.■>-:.i:".r»^  ;l>.  o  r..>rr::e:  ir.  luiiiy  diseases  is  clear.$  Listerf 
.:'-:.:•>  r.rs:  'r  r  v.-rh:  their :  no: i.ul  iui>>r;.iniv  f'>rw;iivl.  and  the  late  researches 
■  :  Kl  •  -.  l:  ■•  kl::--:Lju<c:;.  .1::  i  iLvr^i,  bivt  sh  .wu  how  great  a  port  they  play 
iTi  ::.'•  •  r-iii-ti'.'n  of  Sv'.:i\*.'^i.i.  Tho  oar^iinculur  disea^  of  cattle  and 
-L  •■•-  '-y-lriii*:  ajN.'pltrxy)  is  ;u>.i  intiiuiir^ly  oonntvted  with  Bacteria  ;  and  if 
tijT  •."•.-  rvjiti'.iLS  of  Coze  an- 1  Ftlrz  :irv  comvt,  the  same  is  true  of  typhoiil 
f'v.-r.  Frnlinind  Cohii  has  Littrly  assertevl  tkit  even  the  glistening  partidts* 
of  v.i'.i  :ri«.*  lymi»h  are  BacteriiL  liiorvria  have  bet^n  pwved  to  cause  disease  of 
tlj<:  i;.v  <tiiMl  luui.-oiis  m».'mbrane.  the  litems,  the  kidneys,  and  the  hearty  and 
tli4  y  j.Liv  >tj\w:  ji;irt  in  h.emorrhado  smalli^x. 


*  A  II. '"I it: cat: on  of  thU  view  under  the  name  of  the  Glandular  Oripn  of  Disease,  is  Mdv(^ 
rati-l  hy  I)r  ]i.  W.  Kichanlson,  F.R.S.  (AiMrv^^  to  the  Sanitar>'  Institute  of  Great  Britain. 
I>-:iiii:ii[riiiii,  I'^??,  Xaturt.  No.  414,  Oct.  4.  1>77.  y.  4^4h.  Admitting  that  the  diM^aM  poiaon 
;;i-ii<i:illy  coiijus  fniiii  without,  he  Iix>ks  upon  its  action  as  catalytic,  causing  an  altereil  glandolar 
fii-i:rtti'iii  or  a  rhaiiu'**  in  the  blood,  the  changed  secretion  reacting  on  the  nen'ouft  centre  sap* 
|ilviii;4  Ihff  g'and  or  gl.indii.  He  alflo  conceives  that  during  epidemic  periods  a  strong  iier\'ouj 
iiiilireifiion  may  have  the  Mame  effect  as  the  direct  intrtHlactiou  of  iK)ison  from  w^ithout,  so  that 
the  diftt'iiM*  may  nccanionally  arise  spontaneously.  He  looks  upon  many  <iisease8as  hereditarv, 
in  the  nehiie  that  the  condition  of  the  child  resembles  that  of  tne  parent,  and  will  therefore  &e 
open  tf)  NiTDilar  inttuences. 

t  N'ot  only  some  skin  and  hair  diseases  of  ni«>n  auii  animals,  and  diseases  of  insects  and 
ftshes  are  caused  by  the  growth  of  fungi  which  fall  on  the  surface  of  the  l>«Kly,  or  are  drawn 
into  tlie  mouth,  but  internal  diseases  are  caused  by  the  growth  of  undoubted  ftingi,  at 
Vspenrillns. 

*  The  Hnmnaed  fungus,  which  Klein  (Reports  of  the  Medical  Officer  of  the  Privy  Council, 
wries,  x«o.  Ti.  1875)  thought  he  had  discovercil  in  the  patches  of  typhoid  ulceration,  was 
B  by  CYeiffhton  to  be  merely  an  altered  condition  of  nbrine  simulating  an  independent 
ilin  (see  Proceedings  of  the  Roval  Society,  June  16, 1876). 

^nr  a  short  summaiy  of  this  subject,  see  my  Re|x>rt  on  Hygiene  for  1372,  in  tlM  Army 
Deimrt.  Blue  Book,  vol.  ziiL 
/iithow'i  AichiT.  band  iv.  p.  229  (1872). 
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Yet  it  is  certain  that  in  some  of  the  epidemic  diaeaaefl  thorn  are  no  Bot'teno* 
In  flioliTa,  Lewis  and  Cub nitigham  have  faile<l,  in  spite  of  the  tnuBt  persever- 
ing  seiin-h,  to  find  Bacteria  (or  fungi)  in  the  dischai*ge«  or  blood  of  cholera. 

The  rua^ons  for  attributing  in  many  csam  grait  influence  to  the  Bacteria, 
which  tin^j  undouht4Klly  present,  are  obvious  enough. 

Tbey  are  so  widely  spnMul  in  nature  (in  air,  it  is  believed,  and  in  water)  ; 
their  jiciweni  of  growth,  by  division,  are  ao  wonderful  ;  their  fotKl  (aniinonia, 
phoi^phates,  and  perhaps  startihes  or  sugars)  is  ao  plentiful,  and  their  tenacity 
of  life  fto  grwit,  that  it  is  no  wonder  great  ooiisefpience  ia  now  attache^l  to  them. 
Yet  it  is  their  very  universality  which  is  the  strongest  argmnent  against  the 
view  tlmt  they  constitute  the  contagia  of  any  of  the  speciiic  diaeasea,  and  any 
one  who  considers  the  jieculiar  spread  of  the  contagious  diaeaaes  will  admit  the 
ioice  of  this  objection.  To  meet  tlif«  objection,  it  has  bei^n  sumiiHed  that  they 
art>  not  the  contagia,  but  merely  their  c-arriers.  This  view  has  not  been 
deftne«l  ;  but  *i8  the  plasma  of  Bacteria  ii  albuminoid,  it  may  perhaps  be  taken 
to  mean  that  wiiile  the  Bacteria  are  usually  haimlesa,  their  plasma  may 
become,  in  certain  cases,  altered  in  composition,  and  then  becomes  poisonous 
in  different  spccilic  ways.  Bacteria  feeding  in  the  blood  of  a  typhus  patieiat 
will  become  nourished  with  morbid  plasma,  and  thus,  so  to  speak,  it  is  diseased 
Bacteria  which  become  dangerous.  We  get  here  beyond  the  range  of  present 
ohs*3r\^ation,  and  are  conscious  how  impossible  it  is  with  our  present  instru- 
ments to  investigate  such  an  hypothesis.* 

The  belief  which  some  entertain  that  the  Schizomycetes  are  the  efficient 
a'^entjs  of  the  contagious  diseases  has  led  to  a  number  of  experiments  on  the 
deMtniction  of  Bacteria  by  heat  and  by  chemical  agents^  in  the  behef  that  the 
doctrine  of  disinfection  was  thereby  elucidated.  This  could  hanlly  be  the 
case,  tmlesa  we  are  ceiiain  that  the  Bacteridia  are  the  contagia,  which  is  not 
the  case  in  some  of  those  diseases,  and  not  proved  to  be  so  in  any,  Bisinfecy 
tion  must  rast  at  present  on  its  own  experimental  evidence. 

The  behef  in  the  part  played  by  Bacteridia  has  led  also  to  much  interest 
being  taken  in  the  discussion  on  ferments,  and  in  the  question  of  spontitneoiis 
generation,  as  it  is  imagined  that  a  clue  might  thus  be  found  to  the  origin,  *fe 
nom^  of  the  contagia.  Mr  Ihirwin's  doctrine  of  Pangenesis  has  even  been 
pressal  int«i  the  discussion,  though  it  rather  makes  the  darkness  greater  than 
lififore.  It  is  curious  to  tind  so  practical  a  matter  as  that  of  disinfection 
brought  into  relation  with  some  of  the  most  subtle  and  controverte<l  questions 
of  the  day  J  but  the  important  bearing  wiiich  the  acceptance  of  one  or  other  of 
these  views  would  have  on  the  practice  of  disiufection  b  evident. 

If  the  **  contagia  **  axe  simply  exoeesively  minute  portions  of  bioplast ic 
particles,  in  Beale's  eense,  we  may  be  sure  they  will  be  easily  killed  ;  a  heat 
far  below  that  of  boiling  water,  and  very  weak  chemical  agents,  destroy  all 
signs  of  vitality  in  animal  cells  and  molecules.  We  might,  therefore,  hope 
much  from  disinfection.  Fungi  in  water  are  destroyed  by  a  compomtively 
low  heat ;  while  in  dry  air  Pen  i^  ill  turn  glaucnm  is  not  completely  dcBtroyed, 
accoptling  to  Pasteur,  till  127*  C.  (^270'  Falir.),  and  Oidium  mtnmtifitftm 
diea  at  about  the  same  temperature.  On  the  contrazy,  the  Itacteroid  b^j^liea 
are  of  ten  extremely  stable.  Lex  found  a  temperature  of  127*  C  or  262  **S 
Fabr.  insufficient  t«>  kill  tliem,  and  after  boUing  them  for  half  an  hour  tbey 
still  showed  vital  movements  ;  and  in  Calvert's  experiments  a  heat  of  no  le«a 
than  400'  Falir.  ( =  204'  C.)  was  required  to  thoroughly  destroy  them,  anil 

*  For  fuithcT  infonnation  set*  the  AtUIreM  in  Hcdiciiie  by  W,  Rolierts,  lf.I>.,  P.Ri^.,  defi* 
Tervd  ftt  th($  MuDcbeiter  metrting  of  the  BHttth  Medici  AAsociation,  IBTTi  (BHt.  Mv<l.  Jounul, 
No.  967,  Aug,  11,  1H77,  p.  168).  Al»2  ProreMor  Tyodili'i  paMn  ia  the  Royal  »<Knety's  Pro* 
I  sua  TmiiMetioii4  (sec  TraQsaciioiis^or  the  Royal  Socac^p  1876|  part  L  p,  27). , 
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some  kinds   seem  unaffected  even  Ijy  strong  acids  und   eatifitic  all 
Sanderson  found  that  Baeteria  in  wat^T  are  not  developed  In  fluitls  he 
366**  Fain*,  or  even  boiled,     DiHinfection^  if  Bacteridiii  are  to  he  dedlzojrnlt 
ivriidd  He  then  a  matter  of  ranch  greater  ditticiilty.     Important   in  all         '^ 
tiiis  question  of  the  tiatin^:^  of  conta^da  is  (specially  so  in  a  practiod  sense, 
fhat  of  the  easy  or  difficult  destruction  of  these  agents. 

2.  77ic  Media  m  which  th^  Cfmiagia  are  ftpremi. 

Our  knowledge   of  this   point  is   far   more  defined,  and    may    b© 
sumraarised  : — 

The  special  and  liistinctive  phenomena  of  each  diseoBe  are  nsually  att^ndwl 
with  specitd  implication  of  sonie  part  of  the  bculy,  and  it  ifi  especially  th»* 
parts  whieh  ^onttiin  the  contagia.  In  these  parte  there  is  frequently  rapitl 
growth,  and  if  the  i)arts  are  on  the  surface,  fre<^uent  detaeliment,  Tbtt  pu» 
and  epidennis  of  smallpox  ;  tlie  ej>idenni8  and  the  mouth  and  throat  epit 
of  scarlet  fever  ;  the  skin  and  bronchial  secretions  of  measles  ;  the  st 
tftining  the  discharged  detritus  of  Peyer's  glantls  in  typhoid  fever  ;  the 
charges  of  cholera  ;  the  discharges  and  eruptions  of  b-yphilis,  glanders,  fa 
and  malignant  pustule,  are  instances  of  this.  In  typhus  fever  the  skin  is  greallv 
affected,  aud  it  ia  geuemlly  supposed  that  it  i^  from  the  skin  that  the  viriii 
spreads,  since  this  disorder  is  so  easily  carried  liy  clothes  \  the  sanie  is  the  cii&t 
with  plagxie.  In  fact,  those  parts  of  the  Ixjdy  which  are  the  bre€Hling-|i 
of  the  contagious  particles  give  off  the  poison  in  greatest  amount.  The  ^ 
tiona  of  thebixly  thus  thrown  off,  and  containing  the  contagia,  may  then  j^ 
into  air,  or  find  their  way  into  water  or  food,  and  in  this  way  be  introduc 
by  breathing,  drinking,  or  CiUing,  or  through  broken  surfaces  of  the  body. 

The  principles  of  disinfection  ought  evidently  then  to  deal  with  the  poii 
at  their  se^ats  of  origin,  as  far  as  these  are  accessible  to  us.  It  was  the  inst 
of  genius  which  led  Dr  William  Budd  to  point  out  that  the  way  to  prev« 
the  spread  of  acarlet  fever  is  to  attack  the  skin  from  the  very  first ;  to  drat: 
the  poison  in  the  epidermis,  or  failing  that,  to  prevent  the  breaking  up  i 
passage  into  the  air  of  the  particles  of  the  detached  epidermic  scales. 
disinfectant  inunctions  of  the  skin,  and  the  most  complete  disinfection  of  1 
clothing  which  touches  the  skin  of  the  patient,  are  the  two  chief  meatus  of 
arresting  the  spread  of  scarlet  fever.  The  rules  for  smallpox  are  alm<>^ 
identical,  though  it  is  more  dithcult  tf>  carry  them  out ;  aud  they  have  to  b« 
supplemented  hy  aerial  disinfection.  In  enteric  fever  tlie  immediate  de 
tion  of  aU  piirticies  of  poison  in  the  stools  hy  very  strong  chemical 
and  the  prevention  of  the  poison  getting  into  sewers  or  ilrinking  water  or"fa 
are  the  measures  obviously   demanded  by    the  peculiarities  of  this  st: 


The  more  completely  these  points  are  inveatig^ited,  and  the  more  perfe 


♦  Bastian  lias,  liowever,  iitiit«l  (Proceed iaps  of  Royal  Society,  No.  143,  p 
th&i  bncteria  and  vibrios  are  kllleid  «t  a  iiuich  lower  temptmtiire  ;  liis  ^x\n 
ft  brief  exposure  to  a  temperatKire  of  70**  C.  (-  158'  FahrJ  eitlier  killed  tli*^  ^.  i,.i,  ,n  i>i4 

or  completely  deprived  them  of  their  pow^ns  of  multiplicatioti.     The  difTereneu  of  the 

nipnts  on  such  a  point  us  this  Is  reraarkoblc,  Tyndall  (Proc.  Roy.  Soc.  No.  178.  p.  5(19)  L^ 
since  pointed  out  whtt  Appears  to  be,  at  leoj^tp  a  purtial  explanation  of  the  above  dUcrraaneiMk 
He  ahowa,  that  whilat  prolong^  boiling  failed  to  ^terilizo  an  infusion.  frucc^SJiire  hoAS^^te 
tt  fthort  time,  even  below  the  boiling- point,  were  aucceasfiil.  The  explanation  proprkeed  is,  1^ 
during  the  period  of  latency  the  sporea  are  in  a  hard  state  capable  of  resisting  high  tempenUv^ 
but  tliat  jti4*t  before  the  period  of  aottve  genniitatioiij  they  become  aoftened,  mk)  th«f«fOi^ 
amenable  %fi  the-  inHiicnri;  of  heat,  Ai,  however,  sporen  in  variou.^  stages  may  vxin  in  the  ant 
Huid,  successive  beatinfjfs  aie  n^CfOMKrf  ao  aa  to  arrest  t'acb  ji^roup  at  the  proper  time  :  h«t  \^ 
i^peating  the  heatings  BaQid«Dtly  often  an  infusion  may  be  sterilised  at  a  ^Kiini  below  t^~ 
boiling  point  of  water. 
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the  breeding  plaoet  in  the  body  are  known,  the  more  precise  will  be  our  means 
of  disinfection. 

To  rutitriot  the  term  disinfectant  to  chemical  agents  in  the  air  eeema  far  too 
narrow  a  view,  and  baa  tbe  disadvantage  of  leading  to  att-t^mpts  at  dtjetroying  the 
poiaons  in  what  is  the  meet  uncert^n  and  dii^cult  methodL^ 

3.  The  Ilffed  produced  on  the  0<miay%a  by  CJiemical  Agenis,  or  Jieai  or  eold^ 
in  different  Diseasm,^ 

Owj  knowledge  of  this  iwint  ia  very  imperfect,  as  it  is  neceaearily  derived 
simply  from  seeing  if  the  spread  of  any  contagions  disease  seems  arrested  by 
the  disinfecting  measures  we  employ^  The  experiment  is  a  ooaise  one^  and  is 
conducted  under  all  possible  diMculties. 

Dimn/edicn  in  tfarioiu  Diseaaea, 

Ejtitutlwmfifity  Scarlet  Fever,  mid  Bdthein. — The  points  to  attack  m^  the 
skin  and  the  throat.  The  skin  should  be  rublied  from  tbe  very  commence- 
ment of  the  raah  until  completed  deis^inamation  with  camphorated  oil,  or  oil 
with  a  little  weak  carbolic  acid.  The  throat  should  be  washed  with  Condy*s 
fluid,  or  weak  solution  of  sulphurous  acid.  Clothes  to  be  baked,  or  to  l>e 
placed  at  once  in  boiling  water,  to  every  j^on  of  which  2  ounces  of  commer- 
cial chloride  of  hme,  or  1  ounce  of  sulphate  of  zinc,  or  h  fluid  ounce  of  chloride 
of  zinc,  b  added.     The  clothes  should  not  be  washed  at  a  common  laTmiiry. 

Chlorine  or  eueblorine  ebould  be  diffused  in  the  air,  the  saucer  being  put 
some  little  distance  above  the  hea«i  of  the  patient.  Carbolic  acid  and  ether  or 
carbolic  acid  spray  may  be  used  instead. 

In  this,  as  in  all  cases,  there  can  be  no  use  in  u^ing  aerial  disiiifectants, 
nniess  they  are  constantly  in  tbe  air,  so  aa  to  act  on  any  particle  of  poison 
which   may  pass  into  the  atmosphere* 

Smallpox, — The  akin  and  the  dischargea  from  the  mouth,  noee,  and  eyes 

*■  So  ftlio  to  restrict  the  t«rni  **  diiinf^ctant  '*  to  ui  oxidiaing  agent  GAtinot  be  Hgbl  A  di»in- 
fectftnt  it  aifflply  a  destnictiire  ag«nt»  and  tbe  daBtructkni  in&y  donbtlees  be  procluoed  in  dif- 
fersDt  wayi. 

t  WHb  regard  to  the  effect  of  cbemiciil  roageati  on  low  forms  of  vegetable  and  unitnal  life. 
the  works  of  SaiMom  (The  Aiilleeplic  Systain,  by  A.  £.  Sansom,  M.D.  18n) ;  of  Dr  I>on|rall 

J  On  the  Relative  Power  of  vartoas  Subntancea  in  Prarenting  tlie  Gennination  of  Animatcnle, 
jy  John  Doagall,  1871);  and  the  Parsers  of  Calvert  (Procwdfni^  Royal  Society,  vol.  xx.  p. 
18fi)i,  it  neeil  only  be  mentioned  here  tbat,  according  to  Douirall  \op.  a/,  lable^  p.  6^  the  moft 
powerfnl  afrenta  in  destroying  '*  animaleulai'*  are  the  foU owing  eubstonc^ :— Sulphate  of 
cop|>er,  chloride  of  alumiDituD,  chromic  add,  and,  bichromate  of  potaaaliim,  bicbfonde  of 
mercury,  benaoic  acid,  broraaJ  hydrate,  chloral  hydrate,  hydrocyanic  acid^  alum,  hydnoohlorate 
of  atrychnia,  ferrons  snlpbale,  araeniona  acid,  picrio  add,  and  othen  whidl  are  loie  elfioacioua. 
Picot  (Comptes  Bemlas,  Dec.  1872)  haa  lately  atat«d  that  silicate  of  aoda,  even  in  very  froaU 
Quantity,  arrttfta  pntrid  fermentation  and  retarda  other  fenDenUtione^  and  ia  very  vmtvA  in 
tne  treatment  of  blennorrhagio  ureihnil  diaoharge  in  women.  It  also  oppoaea  tbe  trmnsfor- 
matioiB  of  Klnooee  and  of  the  glyoogenona  mattera  of  ^da  liver.  If  aaUoate  of  soda  haa  aqcb  aa 
effect,  may  not  eome  of  the  other  aiUcates  be  alao  active  in  this  way^  and  may  not  the  anti« 
pntresoeat  power  of  aome  aoiU  be  thus  produced  ?  Lex  found  tbe  movements  of  Bacterin  to 
oe  best  arrevted  bv  chloroform,  carbolic  add,  proaaic  acid,  and  strong  aolutiona  of  qnjninp, 
in  the  order  narne^i  Dr  0*Nial  ( Sargeon-Majjor)  has  miule  many  experiment*!  on  the  time  of 
appearance  of  Bacteria  in  extract  of  meat  anil  other  meniitnm.t  He  toond,  like  Dougal],  tbo 
bichromate  of  potaab  to  be  the  moet  powerfol  agent  in  pn>veotkU|9^  the  appearaocx?  of  Baeteria, 
and  after  it,  but  far  below,  it  carbolic  acid,  yet  neither  were  quite  efHcarimii.  The  bianlphite 
of  iodinm  waa  found  to  be  of  no  value,  and  pennaaganate  of  potaaaiiim,  though  a  good  deodo- 
rant had  acarcely  any  reetnuning  effect  on  the  formation  of  Baclefia,  Oomnieroiarcblor-aluin 
was  of  little  U3e,  but  a  atrong  aolntion  of  chloride  of  aluminium  waa  fkirly  effectual.  The 
paper  mojit  be  consulted  for  many  details,  but  it  abowt  clearly  how  little  Bacteria  can  be  in* 
fluenced  by  our  preaent  mode»  of  using  these  ''chemical  dialnfectanta."  See  alao  Baxter's 
Paper  in  the  Reports  of  the  Medical  Officer  of  tbe  Privy  Council  and  Local  Qovemment  Bwd, 
new  aeriea.  No.  vi.  p.  216, 


t  Aimj  Medical  I>epartiDeat  Report  lor  1871,  voL  xtU.  (U7^ 
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some  kiiids  seem  unaffected  even  by  etrong  acids  and  caiistic  alkalies,* 
Sandnrsoti  found  that  Biicteria  io  water  are  not  ileveloped  in  fluids  heated  to 
366°  Fabr.  or  even  boiled.  Disinfection^  if  Bacteridia  arc  to  be  destroyed, 
TVfjuld  be  then  a  matter  of  much  ikp-eater  ditticidty.  luiportant  in  all  wa3rs, 
thiB  question  of  the  nature  of  contagia  is  especially  so  iu  a  practical  sense^ 
that  of  the  e^y  or  difficult  destruction  of  tiiese  agents. 


thtu^^ 


2.  Tfte  Media  in  which  thfi  Oonta^'a  are  spread. 

Our  knowledge   of  ibis  point  is   far  more  defined,  and   may   be 
H  urn  man  Bed  : — 

The  nyipfial  and  distinctive  j>henoinena  of  each  disease  are  usually  attendi 
^S'ith  .special  implication  of  some  part  of  the  bcxly,  and  it  is  ej^peeially  thi 
pa^ti^  which  contjuii  the  contagia.  In  these  parts  there  ifl  frequently  ra[ 
growth,  and  if  the  jmvU  are  on  the  surface,  frequent  detachment.  The  pi 
and  epidermia  of  smallpox ;  the  epidermis  and  the  mouth  and  throat  cpithelii] 
of  scarlet  fever  ;  the  skin  and  broDchiaJ  secretions  of  measles  ;  the  stools  co] 
taining  the  discharged  detritus  of  Peyer'a  glinds  in  typhoid  fever  ;  the 
chargeij  of  cbolera  ;  the  dischai^ea  and  emptiona  of  sypliiHs,  glanders,  farc^ 
ami  malignant  pustule,  are  instances  of  this.  In  typhus  f*?ver  the  skin  is  greal 
ailecteilj  and  it  ia  generally  supposed  that  it  is  from  the  skin  that  the  vi- 
spreads,  since  this  disorder  is  so  easily  carried  hy  clothes  ;  the  same  is  the 
with  plague.  In  fact,  those  parts  of  the  htKly  which  are  the  hree4ing-p^ 
of  the  contagious  particles  give  off  the  poison  in  greatest  amoimt  Tbo 
tions  of  the  Ijody  thus  thrown  otl',  and  containing  the  contngia,  may  then  jiii 
intti  air,  or  tind  their  way  into  water  or  food,  and  in  this  way  be  iutroduci 
by  breathing,  drinking,  or  e^'iting,  or  tbrongh  broken  surfaces  of  the  body. 

The  principles  of  dii^infcction  ought  evidently  then  to  deal  with  the  poisoi 
at  their  seats  of  origin,  as  far  as  these  are  accessible  to  us.     It  ^YViS  the  ins  tin 
of  genius  which  led  Dr  William  liudd  to  point  out  that  the  way  to  prevei 
the  spread  of  scarlet  fever  is  to  attack  the  skin  from  the  very  first ;  to  desti 
the  poison  in  the  epidermis,  or  faihng  that,  to  pi-event  the  breaking  up 
passage  into  the  air  of  the  particles  of  the  detac^hed  epidermic  scales.     Oily 
disinfectant  inunctions  of  the  skin^  and  the  most  complete  dlsinfcctiou  of  the 
clothing  which  touches  the  akin  of  the  patient,  are  the  two  chief  means  of 
arresting  the   spread  of  scarlet  fever.     The  rules  for  smallpox  are   abn< 
identical^  though  it  is  more  difficult  t-o  carry  them  out ;  and  they  have  to 
etipplemented  hy  aerial  disinfection.     In  enteric  fever  the  inunediate  destruc? 
tion  of  aU  particles  of  poison  in  the  stools  hy  very  strong  chemical  reagents^ 
and  the  prevention  of  the  poison  getting  into  sewers  or  drinking  water  or  f< 
are  the  measures  obviously   demanded  hy   the  peculiarities  of  this  sj 
disease. 

The  more  completely  these  points  are  Investigated,  and  the  more  perfi 


01 


♦  Ba«tian  h^,  bowev«r,  fitat^d  (Proceed In jss  of  Royal  Rociety,  No*  143^  p,  224,     i 

tbat  bficteria  and  vtbrios  itre  killctl  at  a  nuich  lower  t«iii|M.'raliire  :  bin  ex|n*rinu*ii 

a  hmf  exposure  to  a  temperature  of  HT  C,  (-  IW  Fnlir.)  either  kill«(l  the  ^^vunt,  -i    -i. 

or  completely  deprived  th era  of  their  powers  of  multiplication.     The  difTerence  of  the 

menta  on  nuch  a  point  as  this  is  remarlcable.     Tyndull  (Proc.  Boy.  Soc,  No,  178,  p.  56P|  J  __ 

Binc«  pointed  out  what  appeani  to  be,  at  least,  a  f^urtial  explanation  of  the  above  dbcreponciea. 

He  Rbows,  that  whilst  prolonged  boiling  fulled  to  steriliKe  an  Infusion,  »Tic«?9«ive  beatmgx  for 

&  fibort  time,  even  below  the  boiling- poiat,  were  aucce«*fuL     The  explanation  proposed  h,  that 

during  tlie  period  of  latency  tbeiporesftre  in  a  hard  state  capable  of  resisting  high  iempenitare, 

but  tliat  just  before  thp  jieriod  of  active  germination^  they  become  Roftened,  and  ttierefon, 

"«9nable  to  the  influence  of  heat    Am,  however,  spores  in  various  stages  may  exist  in  the  turne 

I,  successive  heatings  are  ueceaiary  no  «a  to  arrest  each  ^roup  at  the  proiwr  time  i  but  by 

iting  tbe  beatings  suUiaently  ott«ii  an  iufoaion  may  Ibe  sterilised  at  a  ixxijit  b^low  f^' 

ng  poiat  of  water. 


mSINIBOTIOII  IN  VARIOUS  DISEASES, 
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thd  breeding  pbaoi  in  the  body  are  known,  the  mora  prodae  wiU  be  our  meang 
of  ilisinfcction. 

To  n^strict  the  term  diftinfectant  to  chemical  agents  in  the  air  seems  far  too 
narrow  a  view,  and  has  the  dimid  vantage  of  leading  to  attiiuiipta  at  deatroying  the 
{M)iBon0  in  what  is  the  most  uncertain  and  difiiGult  method.* 

3,  Tiie  J&fed  produced  on  the  Contagia  bif  Chetmcal  AgenU^  or  heai  or  cold^ 

in  different  Di^ease^.f 

Our  knowledge  of  this  p:>Lnt  is  very  imperfect,  as  it  is  neceesarilj  derived 
Biiiiplj  from  seeing  if  the  spread  of  any  contagious  disettso  aeems  arrested  by 
th<5  diaiufecting  measures  we  employ.  The  experiment  is  a  coaise  one,  and  m 
condycted  under  all  possible  difficulties. 

Dimifection  in  various  Diiimseji. 

Exanihemnta,  Scarlet  Fev*r,  and  IHfth^ln,— The  points  to  attack  are  the 
skin  and  the  throat  The  skin  should  be  nibbed  from  the  very  commence- 
ment of  the  rash  until  completed  desquamation  witb  camphorated  oil,  or  oil 
with  a  little  weak  carbolic  acid.  The  throat  should  be  washed  with  Condy's 
fluid,  or  weak  solntiim  of  8ul]ihur(jua  acid.  Clothes  to  \te  baked,  or  to  be 
placed  at  onc«  in  Itoiling  watc^r,  to  every  gallon  of  which  2  ounces  of  commer* 
cial  chloride  of  time,  or  1  ounce  of  sulphate  of  rinc,  or  |  fluid  omice  of  chloride 
of  zinCj  is  added.     The  clothes  should  not  be  washed  at  a  common  laimdry. 

Chlorine  or  euchlorine  should  be  diffused  in  tho  air,  the  saucer  b»eing  put 
some  little  ilistanoe  above  the  head  of  the  patient.  Carbolic  acid  and  ether  or 
carbolic  acid  spray  may  be  used  instead. 

In  this,  as  in  all  cases,  there  can  be  no  use  in  using  aerkl  disiu  fee  taut  s, 
unless  they  are  constantly  in  the  air,  so  as  to  act  on  any  i>articlB  of  poisim 
which   may  pass  into  the  atmosphere. 

Srrudlpoac, — ^The  skin  and  the  dischai^ges  from  the  mouth,  noae^  and  eyes 

*  So  Also  to  rertrict  the  term  **  dUiiifectant  *'  to  an  oxidiimg  agent  cABnot  be  rigbt.  A  diain- 
feetaafc  li  iimply  a  destnictiTe  i^ent.  and  tbe  daatroctioii  may  donbtlesa  be  produced  in  di£* 
f«reDt  wayi. 

t  With  rmtd  to  tbe  effect  of  chemical  reagents  on  low  foraus  of  vegetable  ami  aninml  life, 
the  workt  of  Saneom  (The  Antiseptic  SygtBOi,  by  A.  K  Baiuomi  H.D.  1871) ;  of  Dr  Douiralt 
(On  tbe  RaiatiTe  Power  of  variom  SubstaQCes  in  Preventing  tbe  Gk^rmination  of  ADiJualcnlic, 
by  John  Dougalt,  1871) ;  and  tbe  Panera  of  Calrert  (Proceedings  Royal  Society,  vol,  xx*  p, 
185),  it  need  only  be  mentioiied  here  tnat,  aocor^Iing  to  Dougali  (op.  cU.  tahle,  p,  6),  tbe  moH 
powerful  affente  in  deatroying  '^animatcmlie**  are  the  foUowing  «ubstanc«e :— Sulphate  of 
copper,  chloride  of  alnminium,  chromic  acid^  and,  bichromate  of  potauium,  bichloride  of 
memirjr,  bensoie  add.  bromal  hydrate,  chloral  hydrate,  hydrocyanic  add,  alnm,  hydrocldorate 
of  ftrychnia,  ferrout  sulphate,  aiaenlooa  acid,  picric  acid,  and  others  which  are  leaa  elficaciotis. 

Picot  (Gomptes  Bendua,  Dec.  1S72)  has  lately  staled  that  sjlicate  of  soda,  even  in  very  imsil 

ananttty,  arreels  pntrid  fermentation  and  retards  other  fermeatationst  and  is  very  oaefnl  in 
Eie  treatment  of  ble&norrhagic  urethral  discharge  in  women.  It  also  oppoaes  the  tnoafof^ 
maUoo  of  glucoae  and  of  the  glycogenona  matters  of  ^  liver.  If  silicate  of  soda  has  snch  an 
effect,  may  not  some  of  the  other  sOicates  be  also  active  in  thb  way,  and  may  not  the  anti- 
patresoent  power  of  some  soils  be  thus  prodnoeLl  ?  Lex  fonnd  the  movements  of  Bacteria  to 
be  best  armsted  bv  chloroform^  carbolic  acid,  pruesic  acid,  and  strong  solutions  of  qaininp, 
In  tba  order  named.  Dr  O'Nial  i  Sargeon^Mdor)  haa  made  many  axperimenti  on  the  time  of 
appeazanoe  of  Bacteria  in  extract  of  meat  and  other  menetntn.f  He  found,  like  Doogall,  tfio 
blchroroate  of  ptotuh  t:)  be  the  most  powerful  agent  in  preventing  the  appearance  of  Bacteria, 
and  after  it,  but  far  below,  la  carl>olic  acid,  yet  neither  were  qoite  efficadous,  TTmi  bisulphite 
of  sodinm  was  found  to  be  of  no  value,  and  permanganate  of  potassium,  though  a  good  deodo* 
rant  bad  scarcely  any  restraining  effect  on  the  formation  of  Bacteria.  Commtrinal  chlor-alnm 
was  of  little  use,  but  a  strong  solntion  of  chloride  of  alttniinium  waa  fairly  effectual.     Tbe 

Saper  mtuit  be  consulted  for  many  details,  but  it  shows  deariv  how  little  Bacteria  can  be  in- 
uenoed  by  our  present  modes  of  using  those  *'cltdmiaal  diauifectanta.''  See  also  Baxter's 
Paper  in  the  Ileporta  of  the  Medical  Olflcer  oC  the  Privy  Council  and  Local  Qovemment  Board, 
new  series.  No.  vi,  p.  216. 


t  Afvy  Urdlcil  Department  Report  for  1871,  voL  aUU  (187^ 
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4:.ju'^>r.    .:    .'ta'..-j:   vi'.   -.rfr'i  rnnL^n.-jTiri-    if  T  :■  *»  «a£.     Bm  ■eptfiw 
rr  k^T.r      J^v  r  ■.'.T.xi^r.iiiiJ '-  •atw  l  tiJT  t   'jpv  gt^-je-rr  eSk^fidL  *lliiCB^  Af 

;•  •..•*/;..<:  v;:.v  :i  "»■&>►  Itji  -,■:,  "iixh  fx:*-^  hii  -ziiier  "lii*-  Ttt:nsit&.     Thedfca 

JK'  -'/'/  /'"r-*"'. — Jj:  tli*  'AK:  il-r  ii5»:L&r.ra-  fsr^wakDr  frcm  tiie  etondi 
yr.-A.'.:y  »::.•.•**■:  :L«:  civisfti^.  i^i   zLidzJ^'.ibz^s  zl.'os  be  mixed  wiA  tlwa. 

>■.•:.,;.:>. •..v-'if  '.f  r-JTr.--.*  v/ii  tr^frr  ^TLjliTtti  :t  Raz^'ntn  da  Lxuul*  andhs 
Ji.v>=,r».  •.;ja'.  -v^  ^.//zLA  TTfe^  V.  *:f  *<;:'^  ii:  fcrr^tiriz  ibe  ?i»read  of  the  disMK. 

If'jf^'i'ij'fj.  J;  >  v*-:!  ki.-/Bri.  tLs:  OTSrriit^T.  an-l  e?peciaUy  the  petrii 
c  v-yur^rrv.  ;:.--y  »fpr%d  ihro':^  &i.  L'.isj-iiai  frc-zi  the  practice  of  the  same  ckw 
»:V*'yi  *iT  U\r.:i*^,  y^'iiiu  »ifli«^L  A"?  loii^  sco  as  le'O"  fmnigatioxis  of  chloiitt 
w«ri«:  u^yyl  by  M'^joxi.t  t/^  (IfjsitToy  tbe  emanations  from  the  stoolsy  and  wills 
tf;«:  }it:A  «rfJ«:':t>.-  Th*:  oLJoriiie  wag  difFosji^  111  the  air,  and  the  stools  wewD-it 
'iirjjif '-';!>:* J  ;  h'jt  thii;  ought  to  be  done,  a^i  in  enteric  fever,  and  especisllTlB 
l)j'?  j-)oii;i^}iin;j  fon/i.  It  \h  pr>ljable  that  carbolic  acid  in  laige  quantity  wooU 
U;  <-Mj':;icioii>i. 

\Vit»j  njr];«'Ct  tfi  Erym'ffd'M^  Dtphthmn^  Syphilis^  GonorrhoNM^  C^tniden, 
iiTi'l  Ffirri/,  Ujt'jil  applicatioDK  are  evidently  required,  and  carbolic  acid,  ir. 
variouH  de{(n;<;H  of  Htnm^h,  and  the  metallic  salts,  are  evidently  the  be< 
wt".iiiiir*'H.X 

duff  hi  I'/fff/ii/i. — Tlie  exjKjriments  made  by  Mr  Crookes  on  the  disinfectant 
ti-ir(ilni<fiit  of  oittJe  j)kf(Uf$  with  carWic  acid  vapour  have  an  important  beaiing 
on  Jiiiiiiiiri  flJHf^iHe.  Although  the  observations  fall  short  of  demonstntioo, 
tlM^if.  uri)  ^nmwh  for  thinking  tliat  when  the  air  was  kept  constantly  filM 
with  cjii'lKilir.  iicul  viij)our,  the  disease  did  not  spread.  So  also  euchloiine  tm 
I'liipJfiyiMl  ill  IjiiLciiHhint  by  Professor  Stone  of  Manchester,  and  withappamrt 
iMiicitif^  Dr  Mofriit  eniploywl  ozone  (developed  from  phosphorus  exposed  to 
tlir  (lir),  iiiid  he  Ixilievcis  with  b(inefit.§  As  such  experiments  are  very  mncli 
nion^  i«iiHily  rjirrit^d  out  on  the  dise^isos  of  animals  than  on  those  of  men,  it  is 
iiiiK  h  to  \u\  wiNliiul  that  the  precise  effect  of  the  soK»lled  disinfectants  shonM 
lit*  ti«.Hti«il  hy  continuing  the  ex ]>oriments  commenced  by  Mr  Crookes,  notonh 
ill  lilt  III-  |ilii;^Mii'  in  the  countries  where  it  prevails,  but  in  epizootic  diseases 
gi'iu'nilly. 


*  Aim.  .niVKii'iii*.  ApHt  1861. 

•t  IliM  HcM>iU.  iiH  iiuoUmI  hv  (lievalHor,  aro  intonating  :^**  The  dyientery  bMame  oootifioii 
tu  tho  lloN|Mi.il  lit  imwm  ;  almoitt  nil  the  siok  in  my  dimion,  nearly  200,  w«re  attacked;  tad. 
hh  wo  kiu)v\  I  lint  thisi  ilJM'nw.  w\w\\  ounta);iinis.  \»  i>:)mmunicated  onlinarily  fttnn  cne  peraoo  V 
iin«tthrr  b\  (tio  iilniM*  wliioh  ovists  in  all  hospital*  of  making  the  same  latrinee  iem  (orill 
tho  NK*k  oi  a  w  :ii\1  1  wiiilioxl  to  «o«*  if  fumigation:!  of  chlorine  had  the  power  of  destntjing  tbeit 
«smUi;io\i!«  ovhtkUtiouM.  I  thon>fon>  oaui^^l  fumigation*  to  be  used  rwice  daily  in  tbe  laUiil 
Aud,  111  .i  f««^  d{i>«.  I  >Ka<(  aMo  to  do«tn\y  that  terrible  scouq^  which  alreadj  had  madeMoe 

*  1  Vi\  amo  tiud«  iisUno  nuvii  }s«worfu1  in  dMti>ning  the  infection  cif  aaligaaat  mctale,  ,,|,|ti 
uAit  tviii^  ortW'Uul.  It  may  Iv  ii\jcx'tod  into' the  skin  with«>at  ii^nrr.  i(>M«et  Rcadai 
Sr)'l   Aitd  vVi    tS.'^v    S<^  alvx  Keivn  ^ui  Khgieae.  Army  Med.  K<|KNrtK.  tqL  sir.  ia  vtak 

i  \\\\  Mot.'.Mxv.^Y  m  ix-:onMK>e  to  Kl^idraiic  aad  S^viadK  Cmmc^  bj  F.  XaAL  ]LB.i 


PUBIFICATIOS  OK  BOOMS,  CLOTHES,  AND  BEDDING. 
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^  Itmftjbo  Baidin  coticLusioii,  that  although  positive  ovidence  is  so  deficient, 
jyet  taking  into  consideration  the  decidedly  great  and  known  effect  of  niiiny 
nchcalled  disinfectants  and  air-purifiers  on  organic  matters,  and  the  fact  that 
she  inlectioua  organic  agencies  are  certainly  easily  deatioyed  in  most  cases 
[(since  frtse  ventilation  renders  many  of  them  inert,  and  few  of  them  retain 
itheir  power  very  long),  it  is  highly  pmbahle  that  the  specific  poisons  of  the  so- 
fealled  zymotic  diseases  are  destroyed  by  some  of  the»e  cbemical  methods,  and, 
^t  any  rate,  the  careful  and  constant  nse  of  chemical  agents  for  the  destniction 
of  the  specific  poisons  in  the  excreta  and  discharge-s  from  the  body,  and  when 
tbey  pass  into  the  air,  m  not  only  wariunted,  bat  should  he  considered 
imj»erativei 

Purification  0/  Ronrm  after  htfedimti  IH  1*60968. — ^In  addition  to  thorough 
cleansing  of  all  wood- work  with  soft  soap  and  water,  to  which  a  little  carbolic 
acid  has  l>een  added  (1  pint  of  the  common  liquid  to  3  or  4  gallons  of  water), 
and  tc3  removal  and  washing  of  all  fabrics  which  can  be  removed,  and  bntsh- 
ing  of  the  walls,  the  room  sbotdd  be  fumigated  for  three  hours  with  eithoT 
the  fnmes  of  sulphurous  or  nitrous  acids.  Both  of  these  art?  believed  to  be 
superior  to  chlorine,  especially  in  smallpox.  All  doors  and  windows  and  the 
chimney  being  closed,  and  curtains  taken  doMTi,  sulphur  is  put  in  a  metallic 
dish,  a  little  alcohol  is  poured  on  it,  and  it  is  lighted.  The  proportions  should 
be  1  lb  of  sulphur  for  every  1000  cubic  ftiet  of  space  ;*  and  in  a  long  room, 
it  is  best  to  have  the  sulphur  in  two  or  more  places,  f  After  three  hours  the 
doors  and  windows  should  be  opened,  and  kept  open  for  twenty-four  or 
thirty-six  hours. 

In  white-washed  rooms  the  walls  should  he  scraped,  and  then  washed  with 
tot  lime  to  which  carbolic  acid  is  added. 

Mortuaries  and  dead-houses  are  beet  purified  with  nitrofu  add  (see  p. 
137). 

PuriJieuHon  of  Clcihes  and  Bedding, — ^The  beat  plan  of  doing  this  ia 
certainly  by  the  agency  of  he^it  I)r  Henry  of  Manchester,  after  showing  that 
vaocine  matter  lost  its  power  if  hmto<l  to  140"  Fahr.  for  three  hoim*,  proposed 
to  disinfect  clothing  by  dry  beat  He  disinfected  scarlet  fever  clothing  by 
exposure  to  212°  Fahr.  for  one  hour  ;  woollen  clothing  from  plague  pntiente, 
after  l>eing  heated  twenty-four  hours  from  144°  to  167"  Fahr,,  was  worn  with 
impunity  by  56  healthy  perwms  for  fourteen  days.  Heat  haa  been  largely 
used  to  disinfect  clothing  by  the  Americans  in  their  civil  war,  both  in  the 
form  of  diy  heat  and  boiling  wak^r.  It  is  believed  that  the  cessation  of  the 
plague  in  Egypt,  after  St  John's  cky,  is  due  to  the  increased  heat  of  the  air  ; 
out  possibly  the  hygrometric  condition  of  the  air  may  have  more  to  do  with 


*  Leibeby  givei  a  much  IftWi*  proportion,  vie.  |  owice  for  ererv  tern  cubic  feet  Even  this 
k  nol  an  exoeniTe  unoimt.  The  quantity  given  in  the  text  yiel<is  little  inon;  than  one  per 
c^nL  to  the  quantity  of  air.  Thu»  :— 1  lb  of  aulphur  uroducea  11*7  cubic  fe«t  of  sulpburoui 
add  gai,  and  thia  diluted  with  1000  cubic  feet  of  air  gives  only  1*17  per  cent.  Half  an  ounce 
of  fiuphiir  y^hk  0'3d6  of  a  cubic  foot  of  the  gas,  aod  thla  for  10  cubic  re<«t  of  air  gives  3l$9 
per  cent  Baxter  found  that  0'1&4  to  1  per  cent  deartooyed  the  reproductive  povier  of  septic 
jnicroaymaa  in  ao  albuminou.^  or  aquAous  medium,  but  with  0*58  per  cent,  the  poison  of  infec- 
tive inflammation  wn*-  -**"  -  t-ve.  Vaccine  was  destroved  after  10  roinutos  expoiiure  to  an 
•tmoipbere  ttUwalc't  whiUt  chlorue,  or  carboUc  add,  took  3^)  niiuuteti  expc»niT«. 

Be  oondttdea  that  Iot  i  nlcctiou  SU^  ia  the  most  ooavonient,  but  that  the  air  t^hould  be 

miimrakd  with  ii. 

t  A  kmp  haa  bean  piropoaed  by  Mesam  Price  k  Go.,  in  which  bUulphide  of  carbon  i&  bnme^L 
Tbia  aeemai  from  experimt^nts  made  at  Xetley  by  Profesaor  Macdonald,  to  be  efficacious,  but  the 
extreme  inflammability  of  the  subatance  may  he  a  wurce  of  danger.  An  ounce  bunied  in  5S 
cubic  feet  arrested  the  movements  of  putrefactive  Bacteria  in  a  meat  infuaiou  in  a  Haucvr  ;  it 
^\m>  made  the  infusion  acid,  but  after  some  hours  Bacteria  were  a^in  in  active  motion.  The 
Aiuoant  of  80,  evolved  in  the  air  was  1  16  per  cent 
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proposed  by  I)r  Esso^*  iis  said  to  work  well  This  chflml>eT  is  in  the  form  of 
two  iron  cyHndcn-e  of  rlifforent  diameters,  one  inside  the  other,  and  with  walla 
strong  enough  to  withsUind  the  pressure  of  the  steam  j  between  the  two 
cylintierB  atoBjn  enters  from  a  n«.nghbounng  boiler,  and  heats  the  internal 
4^1inder  in  which  the  cliith%\^  are  suspended ;  at  the  top  of  the  cylinder  is  a 
1m88  box  whicli  dips  a  little  way  down,  and  is  pierced  with  holes  at  the 
botti>m,  so  that  thtj  air  of  the*  inner  cylinder  can  rise  into  it  ;  iu  the  Ijox  is  a 
thermometer.  The  outer  cylinder  is  covered  with  wood,  and  th**  top  of  the 
cylinder  with  felt,  to  *3coiiomLse  heat  ;  the  steam,  when  it  condenses  in  the 
apace  between  the  cylinders,  tlows  out  by  means  of  a  valve,  which  is  lifted 
when  the  water  rc^aches  a  certain  point  in  the  c<:)iideuser.  The  clothes  are  in- 
troduced at  the  top,  the  lid  of  the  cyHuder  being  lifted  up  by  a  pulley  ;  they 
are  not  allowed  t*^  touch  the  cylinder,  but  are  suj^pended  from  wowlen  pegs. 
In  an  hour's  time  the  he^t  can  be  brought  to  *J0  R  (-234**5  Fahr.). 
Another  appanitus  has  been  contrived  by  Esse  for  mattrosaes.  It  ia  an  iron 
case  with  a  spiral  steam  pipe  in  the  centre,  which  heaths  with  compressed  steam 
(two  atmosphert's).t 

The  onlinary  drying  closet  in  a  good  laundry  will  sometimea  give  heat 
enough,  but  not  always.     A  liaker*s  oven  can  also  be  used  on  emergency. 

SofjA^huf  aikd  Boiling  Clothe/f. — The  boiling  of  clothes  is  not  so  good  as  bak- 
ing, but  still  is  very  uaefuL  It  is  desirable  to  arid  some  chemical  agent  to  the 
water,  ami  chloride  of  lime  is  frequeutly  \med  in  the  proportion  of  1  gallon 
of  the  strong  commercial  solution  to  20  or  30  gallons  of  water.  Carbolic  acid 
(1  part  of  pure  acid  and  2  parts  of  c^^mmercijil  acid  to  100  of  water)  is  also 
much  employed.  The  (]remian  inihtary  regulations  opier  the  clothes  t^  be 
laid  for  twenty-four  hours  in  a  solution  of  sulphate  of  zinc,  in  the  proportion 
of  1  part  to  120,  or  of  chloride  of  zinc,  in  the  proiwrtion  of  1  part  to  240,  and 
then  to  bo  waahetl  with  soap  and  water,  if  the  clothes  cannot  l>e  bake<L  The 
routine  I  have  myself  followed  iu  the  case  of  a  large  military  hospital  during 
war  was  to  receive  all  dirty  clothes  into  a  large  open  abed,  and  to  plunge  them 
at  once  into  tulis  of  cold  water  ^Wtb  chloride  of  lime^  After  twelve  to  twenty* 
four  hours  soaking,  accor«liag  to  their  condition,  they  were  put  into  coppers 
and  l>oilecl,  chloride  of  lime  being  again  added  to  the  water  ;  they  were  then 
put  into  the  washing-machine,  and  then  drieii  and  bakijwl  in  a  dry  closet, 
heated  to  the  highest  point  we  could  get,  about  200'*  to  230*"  Fakr.  If  lice 
were  very  numerous,  it  was  a  good  plan  to  bake  the  clothes  before  soaking  ; 
the  lice  were  mostly  killwl,  but  some  were  only  torpid,  and  were  stdl  living, 
after  a  tem]>erature  of  pn>bably  200''  Fahr.  They  could,  however,  be  shaken 
out  of  the  clothes  easily  even  if  not  dead* 

Fumigating  Clothes. — ^This  is  best  done  with  sulphur,  which  may  be  nseil 
in  the  hot  cbamber,  or  the  clothes  are  suspended  in  a  small  close  chamber  or 
huge  vat,  and  a  large  quantitj^  of  sulphur  is  set  on  fire,  care  being  taken  that 
the  clothes  arc  not  burnt  Hair  mattressee  must  be  taken  to  pieces  before 
fumigation  if  they  are  much  defiled. J 


fiir  oC  Geauadheitspflege,  band  ill.  p.  534  (IBtlh 
f  A  steam  cy tinder  U  used  at  thti  Loudon  Fovor  Hospt&lj  far  ilbjnfectmg  the  featbers  tiled 
IU  bedding. 
X  Diractions  for  diALnfedtoQ  and  rumigntion  are  given  in  the  Annr  Medical  Regulations ; 

3HMlf 
Me  Sanitary  Regulations  "  issued  as  a  drcalar,^Sanitary,  December  187^  seetlou  v.  pir.  8S  U)  16* 
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tzA  :%•.'•:  jaa^r:  -risi  ;«  ^^V  jswaax.  2i«  at  li*  -par  i 
4^  ^f  4JJ  fXK'^  ^JiS^fA,     Anstj  fsc:m:«tf  brre  alrawir 

^JiM^sti^..  iizA  h  ij^  '^ryiAKS  ilus  so  <<xk?  b:^T  cf  BH*i3caI  _ 
ri';?.  ',';^;/yrr'ir.:ti»  <^  9>Ik«tiziz.  vhb  ftORncj.  iMto  of  tlu*  kiMi.  both  1 
tl^  '/ru  i:ia:orLS  uid  cfffaoiL  A*  tiipeT  btT«  \a  cake  naiT  ftfirtied  ittOK 
h  M^^'>  'i<:ii!:rA:.>  v^  TTAkf-  *  fev  bsi^f  iv:r:.&ds  oc.  Kot  ilinw  niaij  poiiitooi 
rUtU'l:'^.  vLi^rb  an:  fi^fienazj  to  aecsre  tLf-  nqmste  accnEMj  in  eolfeiiiag  i&i 
anarcffn;;  £;icu.  Bnt  it  i&  of  crj^TUK,  impcwl-le  for  me  to  enter  into  tk 
t2Uith^.*7iat]cal  cr>n«ideratioii  of  this  eiiljt^t ;  eren  vere  I  eoaqtttanty  a  aqpnu 
tr*AtxMr  wcmld  l«  Rqtiired  to  do  jrudee  to  iL 

SEcnoy  L 

A  FEW  ELEMENTABY  POINTS  COXXECTED  WITH  GENERAL 

STATISTICS. 

1.  TL^  «;]eiri«iit«  of  gtatinical  inquiries  are  indiridnal  facts,  or  so^c^i 
rjiim'^ri':al  unita,  which  baring;  to  be  pat  together,  or  daased,  must  have  pn- 
ZMfA'.^  (I'^fiiiite,  and  constant  characters.  For  example,  if  a  number  of  ca£ef  <  f 
a  certain  diiw;ane  are  to  be  assembled  in  one  group  with  a  definite  significatifL. 
it  iii  indiH[ieniiable  that  each  of  these  cases  should  be  what  it  purports  to  W. 
an  unit  not  ordy  of  a  definite  character,  but  of  the  same  character  as  the  other 
unitM.  In  other  wonJs,  an  accurate  diagnosis  of  the  disease  ia  essential,  0: 
statiiitir;al  analysis  can  only  produce  error.  If  the  numerical  units  are  o^t 
lfr<u:\m  and  c^jmjiarable,  it  is  better  not  to  use  them.  A  great  responsibility 
Tt'AiH  on  thfjw;  who  send  in  inaccurate  statistical  tables  of  diseases ;  for  it  must 
Ik:  ji'mfnihinA  that  the  statist  does  not  attempt  to  determine  if  his  units  are 
cirrf'ct ;  he  sirri]>]y  accepts  them,  and  it  is  only  if  the  results  he  brings  out 
are  diflerent  from  ]jrior  results  that  he  begins  to  suspect  inaccuracy.* 

2.  Tliese  items  or  numerical  units  being  furnished  to  the  calculator,  tK 
)jy  him  Amiiige^l  into  groups  ;  that  is  to  say,  he  contemplates  the  apparentlj 
homog(;n(KjUH  units  in  another  light,  by  selecting  some  characteristic  whicli  is 
not  c<jmmon  t^i  all  of  them,  and  so  divides  them  into  groups.  To  take  the 
most  simjJe  oise  :  A  certain  number  of  children  are  bom  in  a  year  to  a  given 
]Kj]juLitir;n.  The  chihlron  are  the  numerical  units.  They  can  then  be 
scjjfimt<3d  into  grou]is  by  the  dividing  character  of  sex,  and  then  into  other 
groujw  })y  the  dividing  character  of  "  bom  alive,"  or  "  still  bom,"  <S:c. 

*  It  iH  in  vain  to  conceal  the  fact  that  many  persona  look  at  tables  of  diaeosea  collected  in- 
dlncriminately  as  worse  than  useless,  from  errors  in  diagnosis.  Even  in  the  army  retvnii 
whif:)i  are  all  furnished  by  qualified  practitioners,  there  is  reason  to  doubt  the  ooirectuess  of  the 
earlit^r  tables  esiiecially.  But  it  is  oelieved  that  the  arm;^  returns  of  diseases  are  now  gaining 
In  arrurncv,  ana  it  cannot  be  too  stronglv  uiged  on  medical  officers  that  perfect  accuracr  u 
diaKnoNis  Is  a  duty  of  the  highest  kind.  It  is  much  better  to  have  a  laige  heading  of  andrW- 
wiiKHl  diHvases  than,  when  in  doubt,  to  put  a  case  of  disease  uuder  a  headii^  to  which  it  his 
ao  uneciulTooal  protensiona. 
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Or,  a  number  of  cases  of  «ckiit>s8  being  given,  these  numerical  units  (all 
agreeing  in  Uub  one  point,  that  health  10  lost)  are  dividerl  into  groups  by 
diseases,  ^cl  ;  the«e  groiifis,  iigain,  are  divided  into  others  by  the  character  of 
age,  drc.,  and  in  Una  way  the  original  large  group  is  analysed,  and  separated 
into  minor  jmrta. 

This  gix3up»-building  seems  simple^  but  to  properly  group  complex  facts,  so 
as  to  analyse  thorn,  and  tcj  bring  out  all  the  possible  inference.*?,  can  only  be 
done  by  the  most  subtle  and  logie-al  mintls.  The  dividing  character  must  be 
so  definite  as  to  k^ave  no  doubt  into  which  group  an  unit  shall  fall ;  it  must 
be  preciBe  enough  to  prevent  the  possibility  of  an  unit  l>eing  in  two  groupie  at 
the  same  time.  Thia  rule  is  of  the  greatest  importance,  and  many  examples 
could  be  pointed  out  of  error  from  inattention  to  it 

Having  decided  on  the  groups,  their  numerical  relations  are  then  expressed 
in  figures,  for  example  : — 

3.  In  order  to  express  the  relation  of  tbe  iniAller  groups  to  the  gross 
number  of  individual  facts  or  units,  a  constant  numerical  standard  must  be 
selected,  else  comparison  between  groups  of  unequal  numbers  cann**!  Ix?  mailr^ 
The  stamlanl  universally  adoptt^d  in  medical  statistics  is  to  state  this  relation 
as  a  percentage,  or  some  multipli5  of  a  peruentage^  So  much  per  cent.,  or  per 
1000,  or  per  10,000,  is  the  standard.  This  is  got  simply  by  nmltiplying  the 
number  of  units  in  the  smaller  group  by  100,  and  dividing  by  the  total 
number  of  units.  Thus,  let  ns  aay  there  oceur  362  cases  of  pneumonia  ;  this 
ia  divided  into  two  groups  of  recovered  or  died,  say  343  recoveries  and  19 
deaths ;  and  their  relation  may  be  expreiised  in  one  of  two  wny^  vty-,  either 
by  the  relation  of  the  deaths  to  the  total  number  of  cases,  which  will  bo — 

19x100    ^^^^ 

— 3pr~  -5*248  per  cent 

of  mortality ;  or  by  the  relation  of  the  deaths  to  recoveries,  viz. — - 

19x100 

— ^y^ —  ^  5*54  per  cent 

4-  Having  established  that  in  a  oertatn  number  of  cases,  divided  into 
groups,  the  nnmber  in  each  group  bears  a  certaio  projiortion  to  the  whole^  how 
far  are  we  justifietl  in  concluding  that  the  same  profxirtions  will  l>o  repeated 
in  future  cases  t  This  will  chiefly  depend  on  the  number  of  the  cases.  If 
the  number  of  cases  from  which  one  proportion  has  been  taken  is  small^  we 
can  have  no  confidence  that  the  same  proportion  will  be  rej>eated  in  future 
cases.  If  the  number  is  huge,  there  is  a  grtiuter  probability  that  the  propor- 
tion in  succeeding  numbers  of  equal  magnitude  will  \m  the  same.  The  result 
obtained  even  from  a  very  large  number  ifi,  however,  only  an  approximation 
to  the  truthf  and  the  degree  in  which  it  approaches  the  truth  can  l>e  obtained 
by  calcuktiom  The  following  rule  is  given  by  Poiss^m  for  calculating  the 
hmits  of  enor,  or,  in  other  words,  the  d^^ree  of  approxioiation  to  the 
truth: — 

Let  /Jt  be  the  tc»tal  number  of  caaes  recorded. 

m  be  the  number  in  one  group. 

ft  be  the  number  in  the  other. 

60  that  f7i  +  n  «  fu 

The  proportion  of  each  group  to  the  whole  will  be  respectiTely  -  and  - , 

but  these  proportions  will  vary  within  certain  limits  in  sncceeding  Instancea. 
The  extent  of  variation  will  be  within  the  proportions  repioflented  by 
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It  will  he  obvious  that  the  lai^er  the  value  of  /a  the  less  will  be  the 


^ 


3'    ,  and  consequently  the  l^a  will  be  the  limita  of  eiror  in  th*. 


m 
proj>OTtion  —  • 

An  example  will  show  how  this  rule  is  worked-     The  foHo^viog  is  ^vm\ 
Onvatret  {''  JStatisqiw  Midicale/'  1840,  p.  284)  :— 

Loui^  in  his  work  00  ''  Typhoid  Fever,"  endeavours   to  deienniti*?  'li' 
eftect  of  renitdiea,  and  gives  140  cases,  with  52  deatlis  and   88  re< 
AVliat  is  the  mortality  per  cent.,  and  how  near  is  it  to  the  true  propoit    - 

7/1  ^    52  :z=  Bumber  of  deaths. 
n=    SB  —  nil  in  her  of  rt'coveries. 
p  =  140  =  total  number  of  cases. 

te.^  37  deaths  in  100  cases,  or  more  precisely  37,143  deaths  in  100,000  c*«* 
How  near  is  this^- ratio  to  the  truth  I    The  jxjssible  error  is  as   follow  -     ■' 
aecond  half  of  the  foriixula,  viz, — 


will  be 


i)     /¥~m7n 

2    /3x52V8 

V       (140f 


=  0*11550  tounity- 

(Or  11,550  in  100,000.) 

TliB  mortality  being  37*143  per  cent.,  or  37,143  deatlis  in  100,000  i 
in  these  cases,  it  may  be  in  other  140  cast^  eitlier 

37,143 +  11,550  =  48-693  percent 
or  37,1 43 -11,550- 25 -SQS        „ 

In  other  words,  in  aucc^essive  1 40  caae«  the  mortality  will  range  fix>m  • 
cent,  (nearly)  to  26  per  cent,  (nearly),  so  that  Lt>ui8*  numbers  are  far  toil 
to  give  even  an  appKiximation  to  the  true  meaaf 

5.  There  being  a  number  of  facts,  eacli  of  which  can  be  expnaooti  byi 
nianerical  value,  an  average  or  mean  number  is  obtained  by  adding  all  tlia 
numerical  valuciii,  and  divifliugby  the  number  of  facts*  J 

In  many  cases  the  method  by  successive  means  is  very  usefid*  This  coe- 
sists  in  takiTig  the  mean  of  the  mean  numbers  successively  di^rived  from  i 
constantly  rttpeiited  series  of  events  (say  the  mortality  to  a  given  poptilatinn 


^  Tblt  i«  MnMtimeB  itated  tbma  \-^ 


9 


V® 


8pte-rt , 


when  q  —  totnl  number  of  ermts, 

und    p  —  nunj^er  of  eventa  in  itny  particular  dijiection,  ^ 

1*  Tbe  rel&tire  viiIueB  of  two  or  more  series  are  u  tlie  sqimre  roots  of  the  nnnibcn  of  ( 

Vatbnii.    So  olao,  hy  increnBing  the  number  of  oh*ervations  in  any  inquiry,  tibe  f«Jai  ( 
•ocurftcy)  IncreAsea  u  We  scju&re  root  of  tbe  number. 

Z  The  ftritbnieticil  mean  ts  uwsd  in  mtKlit^al  fnquirien  ;  but  there  are,  in  addition,  tbe  %, 
triral,  barmonJiCf  and  quadratic  me«Lna.     For  an  account  of  these,  and  for  many  rulM,  f  big 
to  Tvfer  to  Dr  Bond'a  tnmalation  of  Profeasor  Hndicke'ii  Esaay,  New  Sydenham  SocMj  Vtmi 
Vol,  xi. 
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irly).     Supj>osiiig»  for  example,  the  aimiial  mortality  in  England  to  In?,  in 
eaccessive  ymm,  22,  23,  21,  20,  23,  21,  22,  28,  22,  21,  per  1000  living,  tlitj 
cossivc  means  would  be — - 


I  see 
d  I 


22  +  23        22  +  23  +  21 
2  3 


22  +  23  +  21+26 


Id  8o  on,  until  the  nnmhers  are  so  great  as  to  give  every  time  tho  same 
result  It  i»  u«iifid  hj  calcultite  the  snccesflive  means  in  Iwtli  tht^  direct  and 
inverse  order,  viz.,  from  hrst  to  last,  and  then  from  la^t  to  fb-st,  Lt\f  ]>utting 
tbe  two  last  together^  then  the  ihrwi  lai^it,  lic,  bo  as  to  sec  if  the  variation  was 
greater  at  the  end  of  a  aeries  than  at  the  beginning.  The  degree  of  uncertainty 
10  then  the  mean  variation  between  the  successive  me^ns.* 
I  A  plaa  almost  the  same  a^H  this  lias  been  used ;  a  certain  number  of  facta 
jbeing  reconled,  the  aum  is  divided  into  two,  three,  or  more  parts,  and  it  is 
then  seen  whether  the  reaults  drawn  from  tlie  lesser  groups  agree  with  that 
drawn  from  the  larger  group  and  with  each  other.  If  there  is  any  great 
difference  of  n^sultii,  the  numbei-s  of  the  leaaer  groups  are  not  suflicient.  In 
the  instance  given  above,  the  mean  of  the  ten  years  is  22*9  ;  the  mean  of  the 
first  three  years  is  22  ;  of  the  second  tliree  years  is  22 '33  ;  of  the  thiitl  three 
j^Bars  is  24.  The  term  of  three  years  ia  therefor©  far  too  fshort  to  alltiw  a  siife 
conclusion  to  be  drawn.  The  mean  of  five  years  again  is  23,  and  of  eight 
years  is  22*8,  numbers  which  are  mueli  nearer  each  other  and  tlie  mean  of  the 
whole  ten  years. 
H»The  apphcation  of  averages  when  obtainetl  is  of  great  importance,  Ijut  there 
^■'OZie  usual  errttr.  The  result®  obtained  from  an  average  (thiit  is,  frrjm  tho 
^■ean  result  obtained  from  a  number  of  units,  not  one  c»f  which  perhaps  is  the 
Hbne  as  the  mean  result,  but  i^ther  above  or  Vielow  it)  can  never  he  ai>plied  to 
U  particular  case.  On  either  side  the  average  there  is  always  a  range  the  value 
of  which  may  be  obtain eil  by  Poisson's  nile  as  at>ove,  and  the  particular  case 
nxay  be  at  either  end  of  the  range.  The  use  of  the  average  is  to  apply  it  to 
mn  aggi-egate  of  facts.  Then  supposing  it  be  founded  on  a  suliicient  number 
erf  cases,  it  will  be  exact. 

6.  In  addition  to  averages,  it  is  always  desirable  to  note  extreme  values, 
trhat  ia,  the  two  ends  of  the  scale  of  which  the  average  is  the  middle.  To  use 
iJr  Guy's  poiiitetl  expression,  **  averages  are  numerical  expressions  of  proba- 
bilities ;  extreme  values  are  expressions  of  possibilities."!  In  taking  too  great 
note  of  mean  quantitie.s,  we  may  forget  ho%v  great  a  mnge  tht^ro  may  l>e  above 
Kdow  them,  and  it  ia  by  reminding  m*  constantly  of  this  tlmt  Poisson's 
i  ia  80  useful  { 


'To  find  the  mean  trror  :— 1 ,  Find  the  Tn«an  of  tbe  8«ri«8  of  obfl^rvaijont ;  find  tho  means 
1  the  observatlona  ah&m  the  mean,  nnd  aubtrart  the  meim  from  it,  thit  give*  the  loean 
in  exoem.     2.  Find  the  jman  of  all  the  ohflermtionjt  helmtf  the  mean,  and  attbtract  it 
fn>rii  tbe  mean,  this  gives  the  mean  error  in  deliuiency,     Add  the  two  quuutitiej,  and  take  the 
ltAlf»  this  is  the  mean  erriyr. 

To  find  the  errfyr  of  mean  fquarg  : — 9qaape  each  of  the  ob«ervAtiods  ami  add  tliem  together, 
flubtmct  from  this  aum  the  aquare  of  the  uu*jia,  multiplied  hy  the  numher  of  ob«en'atioiis, 

[t  calling  this  remaindur  (<^,  ami  thti  u  urn  her  cpf  obflervatioDA  (n),  we  have : 
le  pwbahlif  trwr  Is  ohtnlned  by  taking  two.tbirds  (neatly)  of  the  mean  error  or  error  of 
Bienn  si{UAi«r  the  Actnfll  ratio  bein^  1 :  0*6745. 

f  CydopiKllft  of  Anatomy  and  Physiology— Art  Siaiisiict. 
'    *  In  ft  good  (that  ia  a  trustworthy)  series,  tbe  extremea  on  th«  two  »ideA  ot  tV*  tns«Q>  "N^m 
littlaQce  eadj  other,  thu  nambers  being  distri bated  according  to  tke  coftfRcVauU  ol  b^  XsVanmVeX^ 


Of  a  aingle  measiire, 


Error  of  mean  aqoare, 


v  »^i  • 


Of  the  Teanlt, 
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7.  Statifitical  restdts  are  now  frequently  expressed  by  gimphic 
tions,  a  certain  space  drawn  to  scale  representing  a  ntimbef .    Tike  motik  i 
plan  is  that  of  intersecting  homontal  and  vertical  liiies.  ^^M 

Two  linea,  one  horiz^jntal  (axis  of  the  ab«dia8£e)»  and  the  other  TCftii^^H 
of  the  onlinates),  form  two  sides  of  a  square,  and  are  then  divide*!  oHH 
menu,  drawn  to  scale — vertical  and  horizontal  line©  an?  then  let  fall  ^c  ifl 
points  marked  ;  the  axifl  of  the  ordinatee  representing,  for  exaniplt^  &  oAh 
tini4  \  iiui  1  the  axis  of  the  absciasfla  repreaenting  the  number  of  erenU  c]e(3iiRH 
at  any  time.  A  line  ibuwn  through  the  points  of  intersection  of  tJbm  tiH 
quantities  forms  a  graphic  repre^ntation  of  their  nelation  to  each  titiaciM 
the  Burfaca  thiia  cut  can  be  also  measured  and  expresaetl  in  ana  if  i^^PsH 
or  the  space  can  be  plotted  out  in  yarioud  ^waya^  in  column^  P3mBUa^lH 
In  the  same  way  circles  cutting  radii  at  distances  from  the  oentn  dmH 
scale  are  very  useful ;  the  circles  miirking  time  (in  the  example  diMOlXiH 
the  radii  events,  or  the  reverse.  Such  gra|)hic  repreeeutatioiia  aremolM^I 
and  allow  the  mind  to  seize  more  easily  than  by  rows  of  figures  the  oomadfl 
between  two  conditioua  and  events.  H 

Creuerally  speaking,  it  may  be  said  that  the  amounts  of  ^cknoa  tad  IH 
tality  in  tlitferent  bodies  of  men  or  in  the  same  body  of  men  at  fomifl 
])erii  uls,  show  such  wide  variations,  that  the  mean  error  la  always  Y1QM^| 
and  it  requires  a  very  large  number  of  casea,  and  an  extended  psM^^H 
ducc  a  probable  true  mean.  For  this  reason  it  is  necessary  to  bt  cnBiH 
apjiortiuuing  blame  or  credit  to  jMersons,  or  to  special  modes  of  trastmal^^l 
less  the  numbeii^;!  are  very'  large  and  accordant  The  circumstances  tnftoadH 
the  result  are,  in  fact,  very  numerous,  and  the  proper  estimalion  ci  a  i>bH 
€al  msult  la  only  possible  when  It  is  considered  in  referenod  to  the  eoe^l 
stances  imder  which  it  occurs.  ■ 

The  im>8t  imytortant  statistical  inquiries  applied  to  health  are —  I 

L  Births  to  Pffpnitdwn. — ^To  obtain  tdl  these  elementaij  facts,  an  ao0w| 
census  and  projwr  registration  are  required.     It  is  only  within  Uie  liit  iw 
years  that  the  most  civihsed  nations  have  commenoed  these  inquiris^^^^ 

2.  I^e/iitive  JVumher  of  Live  aiid  Still-BoTft^  of  Prmmatwni  amd  Al^^H 
ChildrefL  ^^B 

3.  A^ftmber  of  ClnMrcn  D%jing  in  the  Fird  Ymr^  tmih  Suh^rottp§  tf  U 
and  Mtmiha, — There  are  two  great  yieriods  of  mortality  in  the  tirst  yesr,  ifl 
in  the  lirst  w<M<k,  ami  at  the  time  of  weaning,  about  the  seventh  maatlkfl 

4.  Aftifjtifd  I*/  Si'(*htettif  to  PojndaHtm.  ^^^| 

((/)  Number  constantly  sick,  gi-ouped  aooording  to  sex,  ^g^^^H 

tiun,  and  diseases.  V 

{h)  Avemge  diuntion  of  sickne^  &c,  I 

5.  Amtnt/d  of  Yenrhj  Motiaiiit/  in  a  Populatiofi^  or  I}&jths  to  Poj/yjaiimi^ 
Tbe  deiithi?  are  generally  expn^ssed  as  so  many  deaths  to  1000  or  10,000  IB 
ing;  but  the  deaths  can  be  calculated  in  relation  not  only  to  the  numbrfl 
itig  at  the  end  of  the  time^  but  to  tliat  number  pim  a  certain  oddiliaiitof 
made  on  account  of  tlicfse  ]>ersons  who  bved  during  part  of  the  timti^  htt  id 
bofore  it^  close.  But  the  difterence  is  not  matenaL  Groajiod  aooordioi  !■ 
sex,  age,  &g. 

6.  AImn  A^/e  at  D&tfh  of  a  Popitiaiion  U  thp  ^im  of  the  Age$  at  D^ 
divided  by  the  Deaths. — The  mean  age  at  death  expressQe,  of  coQise^  *!»<•' 
poctiitiou  of  life  a£  birth,  or  the  mean  lifetime.  It  is  no  very  good  tSil  fltk 
health  of  a  people,  as  a  great  infant  mortality  miiy  reduce  the  age,  UloiQgb  ^ 


wtio«e  expoiietit  is  the  numbflr  of  possible  events  in  the  aeries  (aee  Qiietelet,  oa  I  *»- —  . 

Airy,  on  m  Tbeory  oC  Y?r^x%  ol  QV«ii8s^%:6«!«i\U'OTv3Q»a,  Ttusor^  of  Least  SuitMet ;  D»  O^- 
mout,  L«M:turea  an  EUU  ^fMac\nAV 
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health  of  tbn  atliilts  may  be  extremijly  good*     The  mean  age  of  death  m 
England  is  alx>ut  40  years. 

7.  Meurt  Dnrttfifm  of  Lifp  (vie  mot/^mnA, — This  is  the  expectation  of  life  at 
birth  ;  id  any  other  age  than  birth,  it  is  the  expect^ition  of  life  at  that  age  (as 
taki'ii  from  a  life-table)  added  to  the  age.  It  is  no  good  test  of  sanitaiy  con- 
dition or  h^^aUL 

8.  Prohihle  DumtioH  of  Life  {me  prohahh  ;  probalde  lift'time)  is  the  age  at 
which  a  given  number  of  children  bom  into  the  world  at  the  same  time  will 
be  rethiDcd  one-half* 

9.  Ejty}*^ctation  of  Life ^  or  Mean  Future  or  After  Lifdime, — Thisia  the  true 
test  of  the  health  of  a  people.  It  is  the  average  length  of  time  a  person  of 
any  age  may  l>e  expected  to  live  ;  and  in  order  to  wnstrnct  it,  we  must  know 
the  nnralier  of  the  living,  their  ages,  the  number  of  deaths  and  the  ages,  and 
Ihe  other  changes  in  the  population  caused  by  births,  emigration,  immigration, 
Ac  It  does  not,  of  course,  follow  that  any  particular  person  will  live  the 
time  given  in  such  a  table  j  ho  may  die  before  or  after  the  period,  Liit  taking 
a  largo  inimWr  of  cases,  the  average  is  then  found  to  apply.  Life-tables  show 
at  a  glance  the  expectation  of  life  at  any  age. 

After  the  first  ytmr  the  chances  of  living  increase  up  to  the  fourth  year  ; 
the  lifth  year  is  nearly  as  good,  and  then  the  chances  of  life  lesJM»n,  but  at  first 
slowly,  and  then  more  rapidly  j  froni  5  to  40  years  of  age  the  expectation  of 
life  lessens  in  the  ratio  of  from  2Jto3Jor3J  years  for  each  quinquennial 
period. 
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SECTION  XL 

ARMY  STATISTIC8,t 

At  the  close  of  the  Peninsular  war  in  1814,  Sir  James  M*Origor  com- 
menced the  collection  of  the  statistics  of  disease  and  mortality  in  the  English 
arm  J,  and  during  the  course  of  the  nejtt  twenty  years  a  great  amount  of  valu- 
able evidence  was  accumulated.  In  1835  I)r  Henry  Marshall  (Beputy- 
Inspector  of  Hospitals,  and  one  of  the  most  philostjphical  surgLs:»nfl  who  have 
ever  served  in  the  English  army)  commenced  Uy  put  these  returns  into  shape, 
and  the  late  Major-General  Sir  Alexander  Tulloch,  K,C,B.  (at  that  time  a 
lieutenant  in  the  45th  Regiment,  employed  in  the  War  Office),  was  associated 
with  him.  In  the  following  year,  on  the  retirement  of  Dr  Marshall^  Dr 
liidfour,  the  kte  head  of  the  Statistical  Branch  of  tlie  Army  Medical  Depart- 
ment, was  appointed  as  his  successor,  and  in  conjunction  with  Sir  A.  Tulloch, 
brought  out  the  series  of  reports  on  the  health  of  the  army  which  have  had 
such  influence,  not  merely  on  the  causes  of  the  sickness  and  mortality  among 
0oldierB,  hut  indirectly  on  those  of  the  civil  population  also.     In  1838-1841, 


*  Abridged  ftcm  Dr  Farr^s  Life  Tnbles.  8om«  interMllng  infonuAtion  will  be  fouod  tn 
BUtiffUca  or  Famltie*.  by  C.  Anaell,  Jun.,  1S7I. 

•f  The  ihort  tummjiry  of  th«  hintory  of  tb«  Arrny  Statistical  Hei>OTtt  U  chieSy  takea  from  Dr 
Baifoar's  aocoimt,  in  the  Army  Medical  Report  for  1660,  p.  l^L 
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leporte  wore  issued  of  the  following  stations  : — United    Kingdom,  Me 
terranean,  and  Britiali  AiDcrica,  West  Indies,  Western  Africa^    St  Heleni, 
Cape,  Mauritius,  Ceylon,  ftnd  Tenasserim. 

These  returns  included  theyearsi  1817-1836,    In  1853  another  rejiort,  < 
taining  the  stations  of  the  troops  in  the  UnitiMl  Kingrlom,  Mediterranean,  i 
Eritish  America,  inclncling  the  ye^ars  1836-1846,  was  prepared  b j  this  i 
gentleujeiL 

In  the^  reports,  in  addition  to  the  statistical  analysiB^  sboit  but 
graphic  and    comprehenBive    topographical   and   cliniatic    accounts   of 
diil'ereut  stations  were  given. 

Tlie  effect  of  these  several  rejwrts,  and  especially  c»f  the  earlier  issues,  wa 
to  direct  the  attention  of  the  (luvernment,  both  to  the  fact  of  an  enormoof 
sickness  and  mortality,  and  to  its  causes,  and  then  conimeniied  the  gradiiii 
series  of  improvements  which  at  a  later  period  were  urged  an  by  Lojd 
Herbert  with  so  m\ich  energy. 

The  lUi^aiuii  war  of  185i-lB55  prevented  any  further  publication  until 
1859,  when  yearly  rejxirtd  were  commenced  by  Dr  Balfour,  and  have  bcrn 
regularly  issued  since.  In  the  report  for  1860  Dr  Balfour  has  given  « 
summary  of  the  €^arlier  and  laU*r  mortality  of  the  different  stations  before  aiiil 
after  1837,  which  shows  a  remarkable  difference  in  favour  of  the  later  periods 
fis  regards  both  sickness  and  morkdity.* 

SUfrSECTIOX  L 

With  n'siwct  to  soldiers  m  time  of  jyeaeey  the  statistical  evidencu  is  re«juu 
to  show  the  amount  of  benefit  the  State  receives  fiom  its  soldiers,  and  I 
aniount  of  loss  it  suffers  yearly  from  disease.    Tables  should  tberefon?  showH 

1.  The  amount  of  loss  of  strength  a  definite  number  of  men  in  each  fumi 
the  service  suliers  in  a  year — 

(a)  By  deaths,  or,  in  other  words,  the  mortality  to  strengtK 
(f*)  By  invididing  from  dise^uje,!  for  if  this  is  not  regarde*!,  diiferent  systisni 

and  moiles  of  invaliding  may  entirely  vitiate  any  conclusions  drawn  from  '*" 
mortality. 

The  groups  thus  formed  must  bo  again  subdivided,  so  as  to  show— 

(fi)  The  causes  of  di^th  or  invaliding. 

(b)  The  age«  of  those  who  die  or  who  are  invalided, 

(c)  Their  length  of  service.      It  is  of  great  importance  to   determine  I 
influence  of  service  in  every  year,  and  these  groups  should  he  again  divida 
by  age^. 

2.  The  loss  of  effective  service  a  definite  number  of  men— say,  1000  in  cacb 
arm — ^suliers  during  a  year.     This  is  best  expressed  as  ff>llnws  : — 

(a)  The  total  number  of  case«  of  disease  in  a  yc-ar,  i.e.^  the  number  of  ad- 
missions to  hospital  pi  r  annum.  It  must  be  understood  that  this  docs  i 
express  the  numhor  of  men  admitted,  as  one  man  may  be  admitted  two,  thu 
or  even  ten  times  with  the  same  d  is  wise  ;  each  admission  counts  as  a  f  r 
case.  It  woulil  be  veiy  important  to  have  another  table  showing  the  numli 
of  men  atlmitted  for  different  diaeaaes^  or,  in  other  word%  the  number  of  cod 
of  re-admission  for  the  srime  disease. 

(b)  The  nimiber  constantly  sick  on  an  average.     This  is  often  called 

*  In  ibe  cliapter  on  India,  I  have  fDentioD«d  the  chief  statlBtical  jtapera  wKieh  nAr  to  tJtfl 
country, 

t  Loss  by  purcliA«e  of  ilischarge,  expiration  of  term  of  service,  imppisn- 
misAjtls  from  Ibe  Army,  mustftko  bt  put  under  separate  licadingH  :  but  tbt* 
Jiothmg  to  do  with  ihm  point,  except  to  ft««  that  such  castas  ok  not  coufouiiucu  \mui  mvji 
iiig  [torn  dittftoAe* 
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sick  poptiJation,  and  is  obtained  most  easily  in  army  hosfntab  by  dividing  the 
Dumber  of  diets  issued  in  a  year  by  the  purveyor  by  365,  or  adding  fill  tbe 
'*  reumiMing  "  on  tbe  daily  or  weekly  atatt'^  together,  and  dividing  by  365  or 
52,  as  tbe  aiS43  iiiay  be. 

(r)  Tbe  total  numlier  of  days  lost  in  a  year  to  the  service  by  illness 
Ity  the  1000  men,  and  of  the  number  of  days  per  bead  The  number  of  the 
sick  population  (that  is,  the  number  constantly  sick  out  of,  say  1000  men) 
inultij)lie<l  by  365  and  divided  by  1000,  or  by  the  Bumber  fumi*«bing  the 
sick,  whatever  that  may  be,  give«  these  facta, 

(d)  The  mortality  in  relation  to  sickness. 

The  group  constituted  by  the  sick  must  then  be  subdivided  by  discK-ses, 
and  lesser  grouj^a  must  be  made  by  distributing  the  causes  of  sickness  and 
deaths  under  ages  and  length  of  sen- ice. 

There  are  a  few  points  wbich  require  attention.  Tbe  amount  of  sickness 
and  mortality  is  calculated  on  the  mean  sttBiigth,  that  is,  the  number  of  men 
of  a  regiment  present  at  a  certain  station  on  tbe  muster  days  diviileil  by  the 
number  of  niu?iti?r  days.  But  it  must  lie  underatoi>d  that  this  includes  the 
sick  men  in  hi>spital  as  well  as  the  hetdthy  men,  and  therefore  does  not  pei^ 
fectly  express  the  amount  of  disease  among  the  healthy  men*  Also  sometimefl 
the  muster  rolls-i  of  a  regiment  include  men  on  detachment  at  some  distance, 
whose  sickness  is  not  attrihutjible  to  the  headi|uarter  stiitiom  The  Fivnch, 
in  their  Army  Stntistieal  Ke turns,  make  two  headings,  one  of  **  mean 
strength  "  (eff'ectif  moi/eri),  and  tbe  other  of  "  present  "  (preffenix),  the  nmn  in 
hospital  not  being  included  in  the  latter,  ^loreover,  in  the  French  Array, 
nearly  one-sixth  are  always  absent  on  leave ;  antl  the  deaths  of  those  on  lea^'e 
are  included  among  the  army  deatlis,  but  the  sickness  Is  not  so.  Con- 
sequently, sickness  has  to  be  calculated  on  tbe  number  not  on  leave  ;  deaths, 
on  the  total  strength.  In  the  French  army  officers  are  included  with  the 
men ;  in  tlic  English,  separate  retiinis  are  made. 

It  is  oftttn  difficult  to  get  the  mean  strength  if  there  are  many  clianges  of 
troops,  and  instances  of  erroneous  calculations  from  this  cause  are  not 
uncommon,* 

In  calculating  also  tbe  effect  of  age  and  length  of  service  upon  disease  and 
mortalit^%  it  is  necessary  to  know  not  only  the  ages  and  length  of  service  of 
tbe  sick  men,  but  of  the  healthy  men  also,  and  to  calculate  out  the  proportion 
of  tbe  sick  to  the  healthy  at  that  particular  age  or  length  of  service,  otherwise 
very  erroneous  conclusions  might  bo  drawn.     For  example^  it  might  appear 


*  I  sabjoin  one  which  Dr  Balfonr  has  gireo.  It  will  he  seen  that  an  unhealthy  atatirm 
(MaJ«u1ipAtAm)  in  India  is  credit^nl  with  a  much  gri'iitvr  dpgn»e  of  heidtii  than  tt  rvally  woa 
entitled  to,  and  thr  annexed  e3rtnct  from  Dr  Balfour's  r^per  f  Edin.  Mim}.  and  Stirg.  Jour.  Ko. 
172)  show*  ckarlv  how  th«  mistake  arose  :— 

*' The  [Madras]  Medical  Board,  in  submitting  to  Goveniment  the  table  from  which  theao 
flgures  sre  compnted,  stated  that  the  ratio  of  mortality  ntnoni^  all  the  European  negimiFutt  in 
iht  PracidcfiGY,  frotn  January  1813  to  December  181%  wan  66&0  per  cent.  ;  whilst  that  of  tho 
resimenis  at  HaauiipataiD,  from  1818  to  1S32  inclii!.ive,  wn.*  5  lOO  per  cent  They  then  aiid— 
*  The  rate  of  mortahty  haTinir  been  somewhat  lower  than  throughout  the  r«At  of  thV  PreKidency 
for  such  a  period^  givea  reoaon  to  conclude  that  the  stntiun  cannot  be  considered  under  ordinary 
GiTcumstancea  as  unbealtbir.'  Now,  the  Board  appears  to  have  arrived  at  tbia  conclusion  from 
«n  error  in  the  mode  of  calculating  the  ratio.  Iii  several  of  tbe  yean  between  1813  and  1832 
tb«  regiioentii  were  quartered  at  Masitlipatam  during  part  of  tbe  year  only.  It  muat  be 
obvious  to  any  one  oonversant  with  tbe  prindptea  of  atatiatica,  that  in  such  a  caae  a  propor- 
tioo  of  tbe  annual  sttvnfr&h  only  should  oe  taken  oorrea^nding  with  tbe  period  for  which  the 
regiment  waa  quartered  there.  Thua,  if  the  period  waa  nine  montha,  the  flickneas  and  mortality 
sbonid  be  calculated  on  three- fourtiis  of  the  strength  ;  if  eight  moatlis,  on  two-thirda,  and  ao 
forth.  The  Board,  however,  have  nisde  the  calculatioa  in  every  inatance  on  tbe  average  annual 
strangtb  without  any  aucb  deduction.  Had  the  nenesaary  correction  been  made,  Se  deatKa 
from  1813  t^*  1 832  would  have  been  found  to  average  6'd9l  per  cent,  annually ,  \3u^ycft£l  vA.  V\^  » 
Aa  above  stated." 
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that  sick  men  under  nineteen  years  of  age  were  very  ntuneioiis  in  proportk 
to  other  years,  but  in  a  young  army  the  greater  number  of  tlie  foioe  nd^h 
of  this  age.     Care  is  necessary  in  all  these  points  to  amve  at  ooneot  c» 

elusions. 

Sub-Seotion  IL — Statisttigb  in  Wab. 

In  time  of  war  the  statistics  must  be  slightly  altered  in  foxm,  tbati^  h 
same  in  principle.  The  object  is  to  show  as  oompletelj  as  poasihle  to  tii 
Greneral  in  command  what  amount  of  loss  his  army  is  suffering  at  the  momol 
and  to  what  extent  it  may  be  expected  to  suffer,  and  alao  what  an  the  ens 
of  such  sicknesa 

The  sickness  here  must  not  only  be  calculated  on  the  mean  strangth  (viU 
will  include  the  men  in  hospital),  but  also  on  the  healthy  men,  or  tiM 
actually  under  arms  and  effective.  If  the  sick  are  oounted  in  the  stnog^ 
the  sickness  of  the  army  may  be  much  understated.  What  a  Genenl  vib* 
to  know  with  regard  to  sickness  will  be  these  points : — 

1.  How  many  men  am  I  losing  daily  from  the  rank  and  file  aeimllj 
serving  with  the  colours  f 

2.  How  many  are  replaced  by  discharge  from  hospital  f 

3.  What  is  the  balance,  gain  or  loss  ) 

4.  If  my  effective  force  loses  daily,  when  this  balance  is  strack,  boA  i 
percentage,  what  will  be  its  loss  of  strength  in  a  week,  in  four  weeks^  in  ax 
weeks  1  &c. 

5.  What  are  the  causes,  t.6.,  what  are  the  diseases  whiohi  axe  oausiitf  tlu( 
sickness,  and  how  are  they  affected  by  special  circumstances  of  age^  paitioilix 
service  or  arms,  or  other  causes  f 

The  mortality  in  war  should  be  calculated  on  the  mean  strength,  that  i%<io 
the  total  number  of  healthy  and  sick,  and  also  on  the  sick'*'  alone,  so  «  to 
represent  both  the  loss  of  the  army  and  the  fatality  of  the  ai^Tnififla 
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THE  SEEVICE  OF  THE  SOLDIER* 


I   It  is  now  necessary  to  consider  a  little  more  particularly  the  nature  of  the 
I   service  of  the  soldier,  and  the  influence  it  has  on  him.     A  recruit  entering 
I   the  army  from  civil  life  comes  under  new  conditions,  which  wiU  require  to 
be  shortly  enumerated. 


CHAPTER   I. 
THE    RECRUIT. 

In  the  English  army,  young  men  are  enlisted  at  eighteen  years  of  age,t  unless 
they  are  intended  for  drummers.  They  must  be  of  a  certain  height,  which 
is  fixed  by  regulation  from  time  to  time,  according  to  the  particular  arm,  and 
to  the  demands  of  the  service.  There  must  also  bo  a  special  girth  of  the 
chest,  which  is  in  proportion  to  the  age  and  height 

In  time  of  war,  the  measurements  are  reduced  according  to  the  demand 
for  men ;  and  even  in  time  of  peace,  the  necessary  height  of  the  infantry 
recruit,  usually  65  or  66  inches,  has  been  sometimes  only  5  feet  4  inches.  J 
Before  the  enlistment  is  completed,  the  recruit  is  examined  by  a  medical 
officer,  and  then  by  the  surgeon-major  of  the  recruiting  district,  according  to 
a  scheme  laid  down  in  the  Medical  Eegulations.§  The  scheme  is  a  very  good 
one,  and  aims  at  investigating,  as  far  as  can  be  done,  the  mental  condition ; 
the  senses ;  the  general  formation  of  the  body,  and  especially  of  tlie  chest ; 
the  condition  of  the  joints  ;  the  state  of  the  feet ;  the  absence  of  hernia, 
varicocele,  piles,  &c  ;  and  the  condition  or  physical  examination  of  the  heart, 
lungs,  and  abdominal  organs  generally.  ||  A  certain  girth  of  chest  according  to 
the  height  is  required. U 

After  joining  his  regiment  he  is  again  examined,  and  may  be  rejected  if  any 

*  Medical  officers  entering  the  army  will  flndaereat  deal  of  useful  sanitary  information  and 
details  of  duty  beuing  on  health  in  Sir  Garnet  Wolseley's  Soldiers'  Pocket  Book  for  Field 
Service. 

t  In  reality,  they  sometimes  enlist  nnder  this  age. 

X  By  the  last  General  Order,  16th  Sept.  1877,  it  is  raised  to  5  feet  5  inches  (except  for  the 
RifleH)  from  5  feet  4},  which  was  the  height  fixed  in  1876. 

I  For  a  fnU  account  of  the  system  of  recruiting,  the  mode  of  examination,  and  much  useful 
information  on  disabilities,  see  a  paper  by  Dr  Crawford  in  the  Army  Medical  Report  for 
lS62.-Blue  Book,  1864. 

II  As  the  Medical  Reflations  are  in  the  hands  of  all  medical  officers,  it  is  unnecessary  to  go 
into  more  detail  on  thu  point.  My  colleague.  Professor  Longnore,  uses  in  the  Army  MedioU 
School  a  set  form  of  examination,  which  renders  it  almost  unpossible  that  any  point  aho^lvL 
be  overlooked. 

IT  At  present)  S4  inches  for  65  in  height 
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defect  is  diacoTered.     Bejectkns  maj  take  place  then  citlur  «i  the  pdmsr 
or  seciDndary  inapectfon. 

Both  the  aTenge  weigiii  and  hei^ity  especially  the  Ifttte^  wiQ  ruj  witk 
the  demand  for  men. 

The  trades  of  the  men  famishing  the  recznitB  most  also  Turj  grotty  fran 
year  to  year.* 

The  total  number  of  lejectiona,  either  at  once  or  after  ze-exBmiiiatioii  l^i 
second  medical  otiEcer.  on  variocLs  grounds^  of  men  brought  hj  the  lecnntiii^ 
seijeant  to  the  medical  officer,  yaries  somewhat  from  year  to  year. 

Aboat  two-dfchs  of  the  rejections  arise  from  causes  oonnected  with  gewDl 
bad  health  or  feeble  constitution,  and  one-fifth  from  causes  affectfng  the  mardi- 
ing  powers  of  the  men  (Balfonr). 

In  the  French  anny,  the  height  was  fixed  in  1$60  at  69  inches  (1 -76  mrtn) 
for  the  carabiniers,  and  6H  inches  (1*56  metres)  for  the  infantij  of  the  fin^ 

In  1S72  the  Tninimnm  for  the  coizaasieis  was  reduced  to  1^-70  (67  inchei) 
withoat  any  fixed  maTimum, 

In  1S6S  the  minimnm  for  the  line  was  reduced  to  1*^-55  (61  incheBk  lui 
still  further  in  1S72  to  1--54  (60|  inches).! 

The  rejections  in  the  French  conscription  include  men  rejected  fcr 
insufficient  height,  as  well  as  reasons  of  health.^ 

After  the  recruit  has  been  enlisted  and  approved,  he  joins  his  depftt  or  bi? 
regiment ;  receivs  his  kit,  which  he  subsequently  in  part  keepe  np  at  his  omi 
co6t :  and  is  put  on  the  soldier's  rations^  He  enters  at  once  on  his  drill,  which 
occupies  from  3J  to  4 J  hours  daily.  Wherever  gymnasia  are  established,  be 
goes  through  a  two-months'  course  of  gymnastic  training  for  one  hour  eTerj 
day.  He  then  goes  to  rifle  drill,  which  lasts  about  six  weeks,  and  then  joiii} 
the  ranks.  After  the  rifle  drill,  he  has  another  month's  gymnastic  traiTiin£; 
and  is  then  supposed  to  be  a  finished  soldier. 

Such  being  the  system,  it  will  be  desirable  to  consider  certain  points. 

1.  The  Age  of  the  Recruit. — Strong  opinions  have  been  expieBBed 
by  Ballingall  (English  army),  Levy  (French  army),  Hammond  (Ameiinn 
army),  and  other  army  surgeons,  that  the  age  of  17  or  18  is  too  low — that  tk 
youngest  recruit  should  be  20  or  21  years  of  age. 

Thiis  opinion  is  based  both  on  actual  experience  of  the  effect  produced  on 
boys  of  17  to  20  when  exposed  to  the  hardships  of  war,  or  even  to  heavy  dun 
in  time  of  peace,  and  on  a  physiological  coi^ideration  of  the  extreme  irnnu- 
turity  of  the  body  at  18  years  of  age. 

With  regard  to  the  first  point,  there  is  no  doubt  that  to  send  young  lads  of 
1 8  to  20  into  the  field,  is  not  only  a  lamentable  waste  of  material,  but  is  posi- 
tive cruelty.  At  that  age  such  soldiers,  as  Xapoleon  said,  merely  stiew  tbe 
roadside  and  fill  the  hospitals.  The  most  effective  armies  have  been  those  ia 
which  the  youngest  soldiers  have  been  22  years  of  age. 

With  regard  to  the  second,  it  is  also  certain  that  at  18  the  muscles  and 
bones  are  very  immature,  and,  in  fact,  it  is  not  till  25  years  of  age,  or  eren 
later,  that  epiphyses  of  the  bones  have  united,  and  that  the  muscles  have 
attained  their  full  growth.§ 

The  epiphyses  of  the  transverse  and  spinous  processes  of  the  vertete 
hardly  commence  to  ossify  before  16  years  of  age,  and  it  is  not  till  after  ^ 

•  The  averaf?e  weight  and  height  of  the  recruits,  and  the  classes  from  which  theyandnvn. 
are  carefully  given  by  Dr  Balfour,  and  Sir  A.  D.  Home,  in  the  Army  Medical  Departmeit 
Beports. 


•f  Morache,  Traits  d'Hygi^ne  Militaiie,  1874. 

i  Bistach,  Recueil  de  Mini.  Mil.  1861,  Nov.  p.  353. 

I  See  Aitken's  Growth  of  the  Recruit  and  Young  Soldier,  1862. 
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years  that  tlie  two  thin  circular  pktes  form  on  the  body  of  the  vertebra?.  The 
wholp  process  is  not  comploked  till  close  on  tho  30tb  year.  Th«  eonsolidatifm 
of  tbt*  sticnim  only  commences  at  the  1 8t.h  yoar,  and  is  com pk; ted  ivom  tho 
25th  io  t\m  30th  year,  Thtf  fourth  and  third  btine^  of  the  ^itfrnmu  ai^  only 
uniti-d  botwetm  the  20th  and  25th  years,  and  the  second  is  not  united  to  the 
third  bono  before  the  35th  year.  The  epiphyses  of  the  ribs  conjnienc©  to 
grow  between  the  16th  and  the  20th  yeara,  and  ore  completed  by  the  25th 
year.  Tbe  epiphyses  of  the  ^t  aptda  join  between  the  ages  of  22  and  25.  Tlitt 
epiphysis  of  the  clavicle  beginH  to  fonu  between  tbe  18th  ami  20th  yearsu  The 
internal  condyle  of  the  himienia  unites  at  18,  btit  the  iipp>er  epiphysis  doea 
not  join  till  tho  20tb  year.  The  epiphyses  of  the  radius  and  ulna,  the  femur, 
the  til>ia»  and  tibula,  are  all  unjoined  at  18  years,  and  are  not  completely 
joined  I  ill  25  years.  The  epiphyses  of  the  pelvic  bones  (viz.,  crest  of  ilium, 
spine,  and  iiil>erosity  of  the  ischiitm)  b<^in  to  form  at  puberty,  and  are  com- 
pl-'tud  by  the  25th  year.* 

That  the  muscles  aro  equally  immature  is  just  as  certain  ;  they  grow  in 
size  and  strength  in  jjroportion  to  the  bones- 

These  facta  show  how  wrong  it  is  to  expect  any  grent  and  long-continued 
exoR^ise  of  force  from  men  so  young  as  1 8  and  20,  and  what  will  be  the 
inevitable  consequences  of  taxing  them  beyond  their  sti-ength. 

Are  we,  then^  to  conclude  that  the  s«:tldieT  shoiiLl  not  lje  eidiated  before  20 1 

It  appears  to  me  that  the  case  etands  thus.  If  the  State  will  recognist?  the 
immaturity  of  the  recruit  of  18  years  of  age,  and  will  proportion  liis  training 
and  his  work  to  his  growth,  and  will  abstain  from  considering  him  lit  for  the  . 
he^vy  duties  of  peace  and  for  tho  emergencies  of  war  till  he  is  at  least  20 
years  of  age,  then  it  would  seem  that  there  is  not  only  no  loss,  but  a  grtat 
gain,  by  enlisting  men  early.  At  that  moat  critical  period  of  life  tbe  recruits 
can  l>e  hn.mght  uiiJer  judicious  training,  can  have  precisely  the  amount  of 
exercise  and  the  kind  of  diet  best  tiUed  for  them,  and  thus  in  two  years  be 
more  fully  developed,  and  be  made  more  efficient,  than  if  they  had  been  left 
in  civil  lifa 

2.  The  Height  find  Weifjht  of  the  Recrutt^^Vh^  desire  of  almost  all  mlHtary 
officers  is  to  get  tall  men.  The  most  favoured  regiments,  esjwcially  the  cavalry, 
get  the  tallest  men.  It  has  been  recommended  both  that  shorter  men  should 
W  (generally  taken,  and  that  the  infantry  should  have  the  tallest  men.  The 
last  ];K»int  is  one  for  military  men  to  detenu ine,  and  must  he  rleciiled  by  con- 
siderations of  the  respective  modes  of  action  of  cavalry  and  infantry, 

Tbe  first  point  is  entirely  physiological,  and  opens  a  difficult  question. 

What  is  the  height,  at  18  years  of  age,  w*hich  is  attended  with  the  greatest 
amount  of  health,  strength,  and  endurance,  or  is  it  possible  to  iix  such  a 
standard  7 

Tables  of  average  height  and  weight  have  been  compiled  by  Quetelet,  and 
much  used,  and  lately  somewhat  similar  tables  have  been  Earned  by  Banson, 
Boy«l,  and  Liharzik.t 

iVith  regard  to  all  of  these  it  may  be  said  that  the  observations  (however 
numerous)  are  yet  tr»o  few  for  such  a  large  question,  and  that  the  iniluence  of 
race  has  been  too  little  regartled. 

Boyd  gives  the  height  at  18  years  at  60*4  inches,  and  at  25  years  at  67 
inches  and  lihar^ik  at  tbe  same  ages  give^i  64  17  and  68*9  inches.  The 
English  Army  Returns  {1860-G7)  give  the  heighta  of  the  recruits,  but  it 

*  St't*  Aitkcn'i  OrowUi  oftbt  Rcernitp  p.  37,  and  QuAiQ'n  Anatomyt  f^c  ^tUl  fuller  dHnilfi. 
f  Lihuriik'n  niuuber  profcMni  to  b9  bued  on  a  law  mductni  itom  ^^t  Dumt^is  itt  luis^ure- 
mtmvi  m  diflerout  animak. 
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be  beat  rule  to  guida  us  is  tliat  given  by  I)r  Aitken^  vh:*,  to  take  Into 

'lemticin  the  three  poiBta  of  a^e^  height,  and  wei^Ljht,  and  if  either  in 

:it  or  lieight,  or  both  together,  there  is  any  great  diycrgence  from  the  mean, 

^jomething  wrong  will  pmbahly  ho  found.      But  as  long  as  weight  and 

in  accord^  the  taller  and  hea\ier  the  mmi  the  better,  as  a  rule. 

Dint  is,  however,  quite  ch^ar.     %Vlien  the  height  is  much  below  tbo 

,  the  bodily  development  generally  is  bad.     Hammond  etateR  that,  in 

tterican  war^  men  of  lesa  than  5  feet  have  broken  down  by  a  few  weeks* 

iigning,  while  men  of  5  feet  liave  stood  the  work  well     Probably  62 

I  at  18  yeai-s  of  age,  and  112tbtall(5  1b  weight,  should  he  a  minimum, 

iin  times  of  the  greatest  pressure.     So  also  a  very  gre^it  height  at  18 

1  of  age  is  objectionable,  and  anything  over  67  inches  at  that  age  should 

pked  on  with  great  suspicion.     Ab  a  rule,  also,  adult  men  of  middle  size 

69  inches)  appear  to  bear  hard  work  bt^tter  than  taller  meiL* 
ith  regard  to  weight  alone,  the  rule  is  ainaple.     Unless  there  be  any  great 
^portion  in  height^  the  heavier  the  recruit  ia  the  better ;  this  wfil  be 
'  a  rtde  with  very  few  exeeptiona, 

77tc  Phyaktjl  TrnhuHtj  of  the  Rernift — A  great  improvement  has  been 
In  red  by  the  late  order  that   each  recruit  shall  have  three  montha' 
ic  training.     If  properly  done,  this  will  have  a  most  beneficial  effect, 
ijcal  officer  will  have  power  to  continue  this  if  necessary,  and  care 
be  taken  to  use  this  |30wer  {see  chapter  on  Gymnastio  Trainiko  for 
its  ta  l)e  attended  to  by  the  medical  officer)» 
\T'he  Mtmiftl  T mining. — Sinc^  the  introduction  of  rifle  practice,   the 
of  the  soldier  baa  bt*come  much  more  interesting  to  him ;   he  is  now 
\t  seienttficaOy  how  to  manage  his  ann,  and  learns  to  take  interest  in  his 
'      '  '    _%     It  would  be  most  desirable  to  give  him  some  knowledge  of  the 
Art,  and  of  the  oi>ject  of  the  mananivres  he  goe^  tlirough.     A 
literature  fitted  for  the  private  soldier  is  still  wanting*    It  is  ako  very 
^  -  lit  to  train  him  for  the  field,  and  to  teach  him  to  perform  for  himself 

^B^  otficee  which  in  time  of  war  he  wUl  have  to  do — not  merely  trench 
|Hb^  but  hutting,  cooking,  washing  anrl  men<ling  his  clothe^s,  as  in  time  of 
t  {se*i  War),  It  is  too  Late,  at  the  commencement  of  a  campaign,  to  begin 
necessary  parts  of  a  soldier's  education  ;  they  sbould  fonn  part  of  bia 
as  a  recruit  ;  and  if  bo  is  excused  guard  and  other  duties  during  bis 
r,  there  would  be  ample  time, 
%t  attention  is  now  being  directed  to  the  importance  of  soldiers  keeping 
ieir  trades,  or  learning  some  trade  if  tbcy  have  none.  Such  a  system 
stipied  men,  makes  them  contented,  keeps  them  from  dissipation,  and 
.  career  for  them  when  they  leave  the  army.  Instead  fif  interfering 
fiheir  military  training,  it  can  be  mfule  to  subserve  it,  and  possibly  might 
id  to  be  advantageous  to  the  State,  even  in  a  ]:>ecumary  point  of  view, 
ecmit  then  would  have  to  keep  up  or  leani  hia  trade. 
fil.  27/^  Mural  Trmning. — The  i-ecruit,  on  entering  the  army,  is  l>Tougbt 
ler  moral  influences  of  a  strt)ng  kind.  A  discipline  alwaj's  rigorous,  and 
Itnctinies  severe,  produces  often  a  ready  obedience  and  a  submission  of 
cter,  aiul,  when  not  carried  too  far,  greatly  impi-oves  liinu  At  the  ffame 
9,  independence  is  presirved  by  the  knowledge  which  the  sohlier  has  of 
ghts  and  privileges,  and  the  result  is  a  manly,  conscientioii!?,  and  fijie 
But  occasionally,  a  too  sensitive  nature  on  the  part  of  the  recruit, 


_'0T  Aome  Qsefu]  information  on  tbe««  poluts,  see  Mordjchfi,  t^.  dt,  Both,  und  Lax.  ap.dt. 
Anguate  Jaiuen,  *  Etudes  snr  la  tsjjl^,  le  pf-d^^tre  de  la  poitrlne  t\t  \c  \^vi&  i\^  T^crtxiis&f 
i  ~d«a  jLtchifm  UMiadm  Bdgm,  IB77, 
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or  a  discipline  too  liarali  or  capricious  on  tlie  part  of  his  officers^  producei  TBf 
diflbreiit  teaults,  and  tlie  eoMier  becomes  cunningj  artful,  and  false,  or  niORi^ 
and  maliciouH.  Tlie  two  ehamcters  are  often  seen  well  nmrked  in  old  suMicn. 
ami  no  contmst  c:an  be  jt^reater  than  between  the  two.  A  heavy  reapoussihili'T 
res  is  J  then,  with  tht^  ofticers  of  tlie  army  who  have  power  thuft  to  inllurjicc 
for  ^'ood  or  evil,  natures  like  their  own. 

The  influence  of  companionship  is  also  brought  to  bear  on  the  recii 
is  fraught  with  both  good  and  evil    The  ktter  probably  p^edominate^y 
there  are  many  excellent,  high-minded,  and  religioua  nieu   in    the 
Indeed,  in  ftome  regiments  the  pruiM>rlion  of  st»?iidy  religious  men  is  pr] 
beyond  the  nund:>er  in  the  analogous  class  in  civil  life.      JBut  if  the  inlltii 
be  for  bad,  the  recruit  soon  learns  some  questionable  habits  and  sc>mi3  ni 

Thus  he  almost  invariably  leama  to  smoke,  if  he  haw  not  acquired  thia  hihis 
before.  It  ib  indeed  remarkable  what  a  habit  smoking  tobacco  is  in  etfn 
army  of  Europe  ;  it  seenis  to  have  become  a  necessity  with  the  men,  jukI 
arises  probably  from  the  amotint  of  spare  time  the  soLlier  hajs,  and  whicL  ]r 
<Ioes  not  know  what  to  do  with.  A  recruit^  on  joining,  linds  all  his  comi^ia 
e-moking,  and  is  driven  into  the  habit. 

The  discussion  on  the  effects  of  tobacco  does  not  seem  to  have  led  to  lar 
dear  conclusions.  The  immoderate  use  brings  many  evils  to  digestaon  ill 
circulation  esjiecially.  But  no  gre^it  e^ils  appear  to  result  from  the  moderA 
use,  though  no  good  can  be  traced  to  it  In  moderation  it  has  not  beenpratirf 
to  leHSf'u  appetite,  to  encourage  drinking,  or  to  destroy  procreative  pi»w« 
lini^  on  the  other  hand,  it  probably  lessens  bodily,  and  perhaps  even  mentil 
activity.  It  is  certainly  remarkable  how  uniformly  the  beat  trainers  probiLiil 
its  use,  and  men  of  the  highest  physical  vigour  are  seldom,  I  believe^  greil> 
and  often  are  not  even  moderate  smokers.  As  it  is  of  no  use,  and  indtti 
injurious,  by  bringing  men  under  the  thraldom  of  a  habit,  it  seenu  ntf 
desirable  to  discourage  it  But  in  the  army  it  seems  useless  to  fi^ht  agsioiK 
this  custom,  nor  is  it  indeed  one  which  is  suihcieutly  injurious  to  be  aenooi^ 
combated,  except  for  one  reason.  In  time  of  war,  the  solilier  often  cjuih'^ 
obtain  tobacco,  and  he  then  suffers  seriously  from  the  deprivation.  Tltf 
sohlier  shoidd  have  no  habits  which  he  may  he  compelled  to  lay  aside,  tai 
which  it  would  pain  him  to  omit 

A  much  more  serious  matter  ia  the  vice  of  drinking,  which  many  recnnti 
are  almost  forced  into,  in  spite  of  themselves.  The  discipline  of  the  armj 
represses  much  open  drunkenness,  though  there  is  enough  of  thia,  hut  i 
c^mnot  prevent,  it  even  aids,  covert  drinking  up  to  the  very  edge  of  th*»  kw. 
Formerly,  a  most  laraentahle  canteen  custom  made  almost  every  num  * 
ihunkard,  and  a  young  boy  just  enlisted  sotm  learned  to  take  his  miinuof 
dram,  a  habit  which,  in  civO  life,  would  mark  oidy  the  matured  dninkaii 
Now,  happily,  spirits  are  not  sold  in  the  canteens,  and  no  regulation  t" 
mw  spirits  down  a  man's  throat  Drinking  is,  however,  still  the  wn, 
in  the  army,  and  that  which  striken  moat  of  all  at  the  efficiency  of  tlie  ^^MitL 
Ga^at  efforts  have  been,  however,  made  by  the  military  authorities  to  cWi 
this  vice,  and  I  believe  there  is  little  doubt  that  the  army  is  gradually  beo:sB^ 
ing  mere  tem iterate. 

iVnoiher  vice  is  almost  as  eertninly  contracted  as  smoking  by  the  recmit 
Probably,  hefoK^  enlistment,  he  has  led  no  very  pure  life,  but  when  he 
the  army,  he  is  almost  sure  to  find  his  moral  tone  higher  than  that  of 
of  his  new  associates.     A  regimeotj  in  fact,  is  composed  of  yoimg  men 
few  scruples  and  small  restraints.     Prevented  from  marriage,  and   if  of  I 
service,  not  able,  indeed,  to  look  forward  to  it ;  often  tempteil  by  low  pi 
tutes,  it  18  no  wonder  if,  to  the  extent  of  his  meansj  the  soldier  ind  " 
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promiscuous  sexual  intercourse.  He  does  this,  in  fact,  to  excess,  and  the 
young  recruit  is  led  at  once  into  similar  habits.  That  many  recruits  are  most 
seriously  injured  by  this  habit,  even  if  they  neither  contract  syphilis  nor 
gonorrhcea,  is  certain.     The  remedies  have  already  been  discussed. 

It  has  also  been  supposed  that  solitary  vice  is  particularly  rife  in  armie& 
I  am  unaware  of  any  evidence  on  this  point. 

6.  The  Amount  of  Sickness  and  Mortality  suffered  by  the  Recruit  during 
the  Fir^t  Six  Months  and  Tear  of  Service. — ^This  is  an  extremely  important 
matter,  but  at  present  we  are  not  able  to  answer  the  question  for  the  English 
army. 

In  the  French  army,*  the  amount  of  sickness  among  soldiers  under  one 
year  of  service  is  more  than  one-third  greater  than  among  the  army  generally ; 
this  is  partly  caused  by  slight  injuries,  though  not  solely,  for  the  admissions 
to  hospital  are  nearly  one-fourth  more  among  them  than  in  the  army  at 
large. 

*  Statistiqne  M^dicale  de  TAnn^  pendtnt  I'Annee  1862.    Paris,  1864,  p.  11.    Ibid,  pondant 
les  Aiin^  1863,  4,  5,  and  6. 


CHAPTER  IL 

THE  »:  'NTrTI''»N'5  UXT^ER  WHICH  THE  SOLDIEB 
IS  PLACED. 

Tiri-z   :  r.  ::-■  -.-  ^^r^  -x*::^  ni-rlv  Tari:a3.  as  the  soldier  serves  in  so  oiflf 
-: :-!:>.  ■  -:  :"_    •  :.:• :  :•  ir.-^  .i-.n'r..r.  :,:•  all  oaa  be  pii£«ed  in  review. 
Tl    -^Ti:.-:  i:. :  ii:  -:*  :!:■.*  biv-r  ^•^a  iIr»rdJy  3ii£cientlv  noticed  (p.  Sa&i 

rj.  I-IO  inl  l'-*'.  :' L  :-c  o:r.l:::':iL?  n-.-w  to  be  noticed  under  which  the 
-Jll>:   ..T  ;li'  d    i^>   ^.cTkika,  hnn,  leziia^  and  encampsnents ;  tbe  bodi 
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Il.vrr  i-.k.-  b'*v-  '-xri  :r.  -ir  arn^v.  ani  il.  many  armies  of  Eorope  still  art,  i 
f'rril-^  S4:.:iri»  ■:£  ill:.-.-.i  ..r.i  I.;sp  •:£  s»-r\'i-:r.-.  At  all  times  the  greatest  care  i? 
:i->A-.ir7  :■:  •■.'::.:':■.:  th-r  injiirlvus  t^'r^jts  of  o.^mpres^ing  a  number  uf 
;  .?-  :.-  ::.:•.  \  z  -*":.  '»'i  -:  v:>-.  In  tho  ease  of  Sijldiers,  the  oompteiesion  has 
'■■'■rii  »x::  :i:.  ;  '  •:  ::.■  '.■  •*^::»>ra.:rlr.j  cart  has  l«ten  wanting.  It  is  not  moK 
'hiTi  f-  rr.  V'.'.r-  -:!.■:•.  il  thrr  Wti:  In-iies,  the  men  slept  in  hammcicb 
'■  •;■  :-ir:j  r-.ijh  •!:.:.  •■:.:}"  i3  inches  of  lateral  space  Uring  allowed  for  each 
i:-iL.  A:  :':.'?  .=-.i::>  :::.-■,  in  En^lai-L  the  men  slt^pt  in  beds  w-ith  two  tirfs, 
lik-  th'.-  >y:tL«  ir.  a  .-Lij  :  and  not  unfrv-jucntly,  t-ach  bed  held  four  nurs. 
Wii  r.  it  is  iiM-il,  thit  i:-.:thi.-r  in  the  AVe»t  Inditrs,  nor  in  the  home  serrict. 
w,:-.  -U'.h  A  tLi:-:  ii-  .-ri  <  p-nin;;  for  ventilati'jn  tvcr  thought  ol^  the  state  of 

! ! .  ■  ; » i  1  i.ilZl  V-r  i  ::i.  t_i  I  :♦-■ ! . 

TL-  i:>.i -as  if  M:i«iv;«l  I'f  excrr-ta  were,  CTon  in  our  own  davs,  of  theracUst 
«1»---  ripti  n,  both  at  h"i:ie  and  in  many  colonies;  and  from  this  cause  alone 
ihffi*:  i-?  1.0  iloiibt  that  till-  jovat  niiliti\ry  nations  have  suffered  a  lc«8  of  men 
^^IjicIj,  if  i.xiir'<.-iMl  ill  nmney,  would  have  bt-cn  sufficient  to  rebuild  «ni 
I-uiify  frvtjn*  b:>rnu;k  th"y  |H>sst'S5.* 

*  It  is  a  ri.<i>t  n  Ti..':rkable  circTUustance,  that  tbe  two  diseases  which,  in  the  Frencb,  PnuniB. 
ffinoveriiri  an-i  I  ilL'ifir.  an;.:c-,  and  I'TOtaMy  in  the  Austrian,  ami,  till  lately,  in  our  on 
ani:y,  cuT>e<l  thf;  l.tut-it  xl.arr  ut  the  mortality,  were  a  deslnictive  lung  difeaae,  tinned  phtliis* 
in  the  retuni.-i.  arii  ty|il.r.i.l  tever. 

The  jip^'luntion  f.i  •ii^'^r^Mni.iing  lung  dlste&se  (though  occurring  in  aeverd  other  vsyf)  is 
intiiii.tr.'Iy  oii.ntt  t<-i1  with  t)i>.'  constant  breathingof  an  atmosphere  vitiated  by  respiimtion  ;  aai 
ty|»!if.iil  r*.'ver  i.t  a**  clo.s.<f]y  r«;lated  with  1>a<l  drainage.  Both  iliseases  are  theiefore  diaeaMiof 
hiii'it.'iti'tii'',  .'ind  s!i'i\\%  in  tiit-  case  of  thesoUlieriwhois  not  subjected  to  other  causes  of  phthiss 
Nil'  h  a.->  iu.ictirin,  r-inHtr:ii>R'd  |K>sition,  and  ii^lation  of  dust,  kc),  that  the  air  of  hia  Jwellin; 
is  foul.  In  hot  riiiiiatf s  thf  same  rule  holds  gootL  Is  it  not  a  remarkable  fact,  that  in  ih» 
Wi-st.  \n'\\f%,  thosf  island.H  ot  iiaradise,  where  no  cold  inclement  wind  ever  y»xes  tlie  tender 
I '111.^1,  tlitTc*  was,  twenty  or  thirty  years  ago,  an  extraordinarv  mortalitv  from  consumption,  aoi 
ti'iHi  a  f:ontinii(-<]  fi-v^r,  which  in  all  proukbility  was  typhoi«l  f  Yet  who  can  wonder,  wheave 
im'l,  in  th<;  \Vinil\inril  and  I^eewanl  command,  the  Terj'  best  barrack,  in  1827,  gave  only  this 
amount  of  acconimr>datii)n :  the  men  dept  in  hammocks  touching  each  other ;  the  average  spaoe 
ttlliiwf-'l  to  (Moli  ni.-in  nH*aiure<l  only  23  inches  in  breadth  ;  and  the  total  cubie  space  per  head, 
in  thin,  t  hi;  Ix'st  liamif'k  in  n  tropical  climate,  was  only  250  cubic  feet.  The  air  wms,  of  course-, 
putrid  in  tlic  hi(;hcKt  dc^Ti-e. 

tio  uhto  in  Ixidia,  the  best  wrilei  on  Uie  ixi<»Aa  ot  v<«bmva^  >\\^\u»i^>^^  ^^  \x«Mi^  in  India 


BARRACKS  AT  HOME* 


Sub-Section  L— Barracks  on  Hohb  Sebvicr* 


5*J7 


The  imperfection  of  the  Engliah  barmckfl  was  owing  to  two  caU866 — fiisfc, 
B  great  disregard  or  ignomnce  of  the  laws  of  health  ;  and,  secondly,  an  indis- 
pu^iition  on  the  part  of  Parliament  to  vote  simis  of  money  for  a  standing 
army.  At  the  cdoee  of  the  last,  and  at  the  commencement  of  the  present 
cuntuTT,  the  Whig  party  especially  opposed  every  grant  wliich  Mr  Pitt 
hr*^^<ught  forward  for  this  pnrposat  After  the  great  war,  the  exhauation  of 
the  nation  prevented  anything  being  done,  and  iji  spite  of  the  reprcsontationa 
J  of  many  military  men,  comparatively  little  change  occurred  till  the  Crimean 
War.  In  1855,  a  committee,  J  of  which  Lord  Monck  was  chairman,  was 
appointed  by  the  War  Office  to  consider  this  subject,  and  presented  a  moat 
excellent  Export  on  Barracks,  the  suggestions  of  which  have  been  since 
gradually  carried  out  Iminetliately  after  this,  a  Barrack  Imjjrovenu'nt  Com- 
missionl  was  oiganbec],  and  in  1861  this  Commission  published  a  Blue 
Book,  which  not  only  contained  plans  and  descriptions  of  the  existing 
harcacks  and  hospitals,  but  laid  down  ruli^s  for  their  coHstmction,  ventilation, 
and  sewerage,  for  future  guidance.  It  is  dilticult  to  speak  too  strongly  of  the 
excellence  of  this  Eejxirt,  and  if  ita  rules  are  attended  to,  there  can  be  no 
doubt  the  British  army  will,  as  far  as  habitations  are  C4>noemed,  be  lodged  in 
healthier  dwellings  than  almost  any  class  of  the  community.||  I  must  refer 
to  this  report  for  a  fuller  account  of  the  older  barracks  and  hospitals  than  can 
be  given  here-ll 


(Dr  Ghsren),  does  not  hesitate  to  tuviott  that  twakty  barracks  sre,  though  do!  the  only,  yet  a 
mat  cAQse  of  t  mortality,  which,  in  a  term  of  jrearst  haa  been  at  least  fourfr>Id  more  t>inn  at 
home.  Phtbiais  and  typhoid  fever  hold  a  anbOTdiiiAte  phuse  (though  it  h  not  unlikely  that 
their  frequency  is  uiuleirated) ;  hut  other  diteaaea  appear,  which  are  in  part  connected  with 
fiiulty  harrack  arran^'cmenU,  such  aa  dysentery  uid  cliolera. 

In  India,  as  in  England,  no  expense  haa  of  late  years  heen  spared ;  but  yet  the  fact  T^nmiaii, 
that  the  Tsry  habilatioiiB  erected  for  their  shelter  and  comfort  have  prored  to  the  soldi  cm  a 
■oorce  of  sa^Sering  and  death. 

*  Army  medical  officers  are  referred  to  an  admirable  paper  by  Deimtv-In^^ector-General 
Dr  Massyt  on  the  Construe tion  and  Ventilation  of  Barracks  and  Hospitals  ^Army  Med.  Dep. 
Beport,  voL  ri.  p.  229). 

t  On  looking  through  the  Annual  B^isteri  I  find  that  Fox^  aa  weU  as  his  followers,  spoke 
ftronffly  against  the  grant  of  sums  of  money  for  improving  barrocka.  Tlieir  motives  were  good 
and  tuMr  Jealonay  of  a  standing  army  Justified  by  whatnad  gone  before,  but  the  m^vAt  haa 
been  moit  unfortnnate  for  the  soldier. 

I  Beport  of  the  Official  Committee  on  Barrack  AooommodAtion  for  the  Army,  Blue  Book 

I  Mr  Sydner  Herbert,  Dra  Sutherland  and  Borrell,  and  Ckptain  Gallon,  were  the  first 
Barrack  uid  Hospital  Improvement  Commisaionera.  Lord  Herbert  did  not  sign  the  fint 
Report,  aa  be  became  Btimater  of  War.  Dr  Borrell  retired.  The  remunin^  Commissioners 
(Dr  Sutherland  and  Oaptaia  Galton)  aabeeqaently  published  the  Report  oa  the  Mediterranean 
and  other  Bonncka. 

II  (General  Report  of  the  Commlaaion  appointed  for  improving  the  aanitaiy  condition  of  Bar* 
racka  and  Hoepitala.  186L 

5  Th^  Motpwd  RegmtaUon9,—Thm  DtrectoT'OeaMral  is  to  be  conaiilted  an  the  plana  and  site 
ol  any  tiew  batnck* 

The  Surgeon-General  or  Deputy  8iir|eon  General  is  ordered  to  see  that  all  ref^uhttions  for 
protecting  health  in  barracka  are  earned  out  He  makes  a  luonthly  in8p(^ctk>U|  examining 
into  ventilation,  warmmg,  lighting,  latrtnea,  closets,  and  all  other  pointSw 

The  regimental  medical  omoer  performs  the  same  dntiea.  He  u  also  eapedally  onkred  to 
eee  that  ts^rj  soldier  haa  a  separate  bed ;  that  the  beda  are  not  nlaced  at  a  tesa  iii^ituii^i)  than 
6  inches  fVom  the  wall ;  that  the  beds  are  aired  every  morning  for  at  least  an  hour  ;  that  the 
windows  are  opened  in  the  morning  aa  soon  aa  poaaible,  and  kept  oi^n  as  far  as  weather  and 
■eason  will  pemit.    The  walls  and  ccQings  are  ordered  to  be  lime  washed  twice  a-year. 

Each  man  la  allowed  000  cubic  feet  of  spAoe,  and  the  number  of  men  located  in  each  bamek 
TOomMs  to  be  painted  on  the  door.    This  is  a  most  iuiportant  role,  which  abonld  be  strictly 
enforced  ;  if  it  is  not  so,  it  is  to  be  stated  in  the  AnnuiU  Report*    No  regnlation  i^  made  a«  to 
superficial  apace,  and  it  will  vary  with  the  height  of  the  barrack  room ;  (^om  ^  \.()  ^^^  ^o^ftfOA 
feet  ia  the  avefi^ 
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Infaniry  Barrackg^ 

Block  P/aw*— Formerly  n  Biunber  of  nueiif  even  a  whole  re^jjDetO, 
aggregated  in  one  krge  house,  and  this  was  often  built  in  tht  form  of  • 
(a  plan  originated  by  Vanban),  the  quarters  for  the  officers  forming  oof 
on  iiccount  of  the  ease  of  surveillance.     Many  otficere  still  prefer  tkf ' 
But  it  IB  ahvaya  objectionable  to  have  an  inclosed   mass  of  air,  mui  if  fli 
adopted  the  angle*  shoidd  he  left  open^  as  recommended  by  Kobett 
The  BaiTack  Improvement  Commissioners  have  very  justly  reoominenU 
tbi-re  shall  be  division  of  the  men  among  niuuerous  dr^tachod  buHdiDp; 
in&tead  of  the  square,  that  the  sejjarate  building®  shall  be  arranged  in 
each  building  being  so  placed  as  to  imfn^lo  as  little  as  possible  the 
of  air  on  the  other  buildings,  and  the  incidonce  of  tlie  Bun's  rays. 

In  arrangiDg  the  lines,  the  axis  of  the  buildiiigs  should  be  if 
north  and  south,  so  as  to  allow  the  sun's  ravB  to  fall  on  b*>th  siiii 
building  sbould  in  no  case  obstruct  air  and  light  from  anotU«^, 
building  must  be  at  a  sufficient  distance  from   the  adjoining  house, 
diattmee  should  not  be  less  than  its  owu  height,  and  if  possible  mare. 

^(jtrU  of  a  Barrack — 1.  The  barrack  room^  with  non^oxnnuniofiiid 
rooms  screened  off.     2.  Quarters  of  the  man-ied   privates — tem  ta 
company.      3.  Quarters   of  the    staff-sergcanta    and     eir^rgeante' 
QuExrters  of  the  officers.     5.  Kitchens.     6.  Ablution  rooms.     7. 
urinals.     8.  Orderly-room;  guartbroom.     9.  Cells.      10.   Tailors' 
armoury ;     commissariat     stores ;     canteen,     1 1.  Heading-room 
barracks)  ;  schools  ;  magazine. 

It  is  unneceeaary  to  describe  all  these  buildings. 

The  old  barracloi  are  of  all  conceivable  forms  and  kinds  of 
for  details  of  which  I  refer  to  the  Commissioners'  Rej>ort. 

When   new   barracks  are   built,  the  plans   of   the    Commission  liB 
followecL 

{a)  BtiTTftrJc  Rooms, — The  size  and  shape  of  the  barrack  room  will 
the  kind  of  buildings.     The  Barrack  Committee  of  1855  recommendtd 
each  room  shoidd  accommodate  twelve  men,  or   one  fiquad,  as  this  ia 
comfortable  for  the  men  ;  hut  small  rooms  of  this  size  are  more 
arrange,  and  it  is  now  considered  best  t^  put  twcntj-four,  or  one 
each  room. 

TImj  Barrack  Improvement  Commissioners*  recomniendatioiis  nwy  1» 
den  Bed  as  follows  : — 

The  rooms  are  directed  to  bo  narrc^w,  with  only  two  lows  of  W<V 
with  opposite  windows^one  window  to  every  two  beds.     Aa  eidi 
allowed  600  cubic  feet  of  space,  and  as  it  is  stronglj  recomm/^ided  tlrti 
room  shall  be  lower  than  12  feet^  the  size  of  a  room  for  24  men  wiB 
length  60  feet,  breadth  20  feet,  height  12  feet     This  size  of  room  will 
14,400  cubic  feet,  or  (600  x  M)  enough  for  24  men  ;  but  as  the  maii'i  bodid 
and  furniture  take  up  space,  an  additional  2  fe<_^t  has  been  aUowwl  k> 
leugtb  in  some  of  the  new  barracks.     AsBuming  tlie  length  to  be  62  fxfK 
superficial  iirea  for  each  nmn  will  be  nearly  52  feet,  a  little  mom  tlum  5 
in  the  length  and  10  in  the  width  of  the  room.     At  one  end  of  the  iocs  _ 
the  dotu',  and  a  room  for  the  sergeant  of  the  section,  which  ia  ahoat  II M 
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The  Qui?«ii'a  Refutations  for  the  Army  ofder  the  o^eer  of  the  day  to  ise  to  tbt  "m^^^ 

BaTTackB  are  oTdc:TC)d.  lo  W  ^«^«^  cmcA  «rv«dit.^  ^^ocA.  -^^c^  -vMttig*  ^»^||f  |b  to  be  9^  t^ 
necessary.     On  mlftTms'iiQ.Ve.  ^^*  ^3twt  tqqto*  «»  ft:r^'*cpi^cjv>B;^ 


'  wide,  and  12  high.  At  the  other  end  is  a  narrow  passage  leading  to 
ilutioH  ixiOHL,  one  basin  being  prowled  for  4  men,  and  a  urinal. 
ch  is  the  present  arniiigement  of  a  ftingle 
ck  room,  and  it  is  dithcidt  to  conceive  a 
f  plan,  unless  it  might  be  suggested  that  an 
ve  rami  ah,  never  to  bo  made  int^i  a  curridur, 
id  be  placed  on  the  south  or  west  side.  It 
I  b©  a  louiiging-ydace  for  the  men.  So  also 
ping-iooui  fur  arms  and  accoutrements  would 
fery  useful  addition. 

0  room  thus  formed  may  constitute  a  eingle 
!but  if  space  is  a  consideration,  two  such 
f  are  directed  to  be  pkced  in  a  line,  the 
^es  being  at  the  free  ends.  A  house  of 
ind  will  accommoflate  half  a  company.  The 
|1  houses  are  separated  by  an  interval  of  not 
ban  25  feet.  For  the  sake  of  economy, 
rer,  the  homses  will  in  future  be  frequently 
'  two-«toryed,  so  that  one  house  w*iD  contain 
gpany  in  four  rooms,  and  ten  will  suffice  for 

mAt^^  following  plans  of  recently  erected 
pS  show  the  arrangementa  which  ai'e 
lid.  lif^j  When  there  ia  a  single  story,  as 
Ichester,  and  no  staircase  is  requii'ed, 

"When  there  are  two  story s,  and  a  staircase 
be  introduced,  as  in  the  new  cavalry  barracks 
rk. 

^\Txen  there  are  not  only  staircases,  but  the 
iks  must  be  extendetl  in  one  long  hue,  in- 
\g  many  itxuns,  and  when,  therefore,  the 
pa  rooms  cannot  be  put  at  the  ends  of  the 
^  but  must  be  placed  on  the  landings,  as  at 


t 


*-k 


\0  hooaes  are  thus  formed,  and  an-anged  so 
fawur©  for  each  the  greatest  amount  of  light 
^r»  the  following  area  will  be  occupied  hy 

houses  alona  Each  house  {with  walls) 
I  measare  about  140  feet  long  and  22  hroa^i^ 
be  space  between  the  houses  may  be  taken 
feet,  or  twice  the  height  of  the  house.  The 
jljiiiouses  woulil,  of  course,  have  dear  spaces 
^■idea  like  the  others.  1]ie  area  of  occu* 
^d  unoccupied  space  would  be  very  nearly 
aare  yards  to  a  man. 

\  this  ami >u lit  of  compression,  wliich  woulil 
(urious  in  a  hirge  city,  will  do  no  harm  in 
well-planned  and  ventilati^d  barracks. 
Dnij-roofM, — The  soldier  Hves  and  sleeps 

barrack  room ;  it  has  long  been  a  deside- 
ifco  mtioduce  day-rooms,*  but  at  present  the 
blUkXi  heavy.     Still  it  is  very  important 


Fig.  104.— Cokliester  Camp 

Hooaea.  ^h 


\Bitpoii  of  Committee  {1855),  p,  iv.    The  objections  to  cky-roouia  ate— Vfi,  "ULoro \aJt*<w 


540 


coxinno5B  or  tuutvicK 


that  the  men  sbonld  take  their  meak  dmwheate  than  in  their  bnndcm 
and  in  some  bamcks  a  room  id  piovidad  doee  to  the  MtchwL    Ibeitti 


Fig.  105.— New  CaTiUry  Btiracka  at  York.         FIr.  106.— New  Chelsea  Bairackft. 

to  keep  dean ;  2d,  Chance  of  men  being  debarred  from  their  barrack  room  dnring  da; 
Chanoe  of  day-nMim  being  auproi^tecl  on.  «m«t^<euc\«A.  T^a  Committee,  tbenlbn^  i 
■Mad  oaljr  dInlig-fOQini  te  (na  idml,  Xa^m  «xnA!{5»^T»»  >2aft>DN«SKM:cL,Mvi»K^di^ 
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a  few  verandahs  to  the  roonis  would  be  less  expensive ;   and  if  reading- 

[  were  provided,  some  of  the  purpoi^es  of  day-rooms  would  be  obtained. 

({«)  Ncn-Commimoned  Offkers*  Rooim. — The  Serjeant-major  and  Quarter- 

inaster-serjeant  are  eatitled  to  two  rooms  and  a  kitchen ;   the  Paymaster- 

at,    Hospital-sergeant,  Schoohnaster-serjeant,   and    some    others,    are 

to  two  rooms.     The  company  Serjeants  have  one  rocuu  eack     The 

(are  about  14  feet  by  12,  and  10  high,  and  contain  about  1680  cubic 

Irhen  empty.     The  amount  of  space  is  small,  and  as  many  of  these  non- 

Qoned  officers  are  mamed,  and  as  it  is  a  matter  of  justice  no  less  than 

Scy  to  make  them  as  comfortable  as  possible,  it  is  to  1m?  hoped  that  two 

I  may  Ije  allowed  to  every  married  man,  and  three  in  the  case  of  all  tlie 

'  non-commissioned  officers.     The  non-commissioned  officers  should  be 

on  in  the  light  of  the  overlookers  of  a  factory ;   they  are   even  more 

ential  to  th«^  gi>od  working  of  the  anay  than  the  overhx^kers  are  in  a  mill ; 

lit  no  marrietl  overlookers  would  over  conceive  the  possibihty  of  living  in 

^o  looms,  in  one  of  which  cooking  must  be  done. 

Married  StMierd  Qtt/jrfffr*.— Seven  privattiain  a  company  of  100  men 

lowed  to  be  married     Formerly  they  were  placed  in  the  men's  barracks^ 

nee  being  screened  olT,  but  now  they  are  entitled  to  separate  quarters, 

,  faioily  receiving  one  room   H  feet  by  12,  or  168  superficial  and  1680 

SO  space. 

"bere   is  no  doubt  that  this   allowance  of  space  wQl   ho   increased   in 

aniance  with  the  general  feeling  of  the  time,  which  is  strongly  ajxainst  the 

ing  up  ailults  and  children  of  fdl  ages  in  the  same  mom.     The  amount  of 

;  also  is  If  ally  much  too  snialL     Certainly  two  such  rooms  ought  to  be 

^' given  to  each  UKirried  ]>rivate. 

Wanning  of  BrirffP:k  Rwmist.^'Th^  rooms  are  warmed  by  Galton  grates  io 
1^  two  ways — radiant  heat  from  an  open  fire,  and  warm  air,  which  is  obtained 
^    '  from  an  air-chamber  behind,  and  heated  by  the  fire.     The  external  air  is  led 
^  by  a  pipe  to  this  chamber,  and  then  ascending,  enters  the  room  by  a  louvre. 
r"^   The  grates  are  of  various  sizes,  according  to  the  size  of  the  room.     Smallest 
•      — 1  jfoot  3  inches  of  fire  opening  for  rooms  of  3600  cubic  feet     Middle — 1 
»t  5  inches  for  rooms  of  3600  and  9800  cttbic  feet.     Largest — 1  foot  9 
aches  up  to  li2,000  cubic  feet.     Large  rooms  have  two  grates.     One  grate  is 
Jly  provided  fox  twelve  men 
s  radiating  power  of  the  small  barrack  grate  is  aided  by  a  well-airanged 
and  by  a  fire-clay  back  ;  as  the  fire  is  small,  however,  the  radiating 
is  not  great 
I  the  wards  of  Fort  Pitt,  with  the  largest  size  of  grates,  the  mean  rapidity 
avement  of  warm  air  through  the  upper  sHts  of  the  louvre,  with  a  good 
Iwas  found  to  be  about  2|  feet  per  second,  and  the  total  cubic  amount  of 
air  out43ring  ^ler  hour  tluijugh  the  whole  louvre  was  {appFoxinaately) 
I  cubic  feet  pctr  hour,  with  a  mean  temperature  of  19*  in  excess  of  the 
nal  air-temperatiwi.     No  unusual  dryness  of  the  air  is  produced  by  the 
iclmi^^ion  of  this  ipiantity  of  warm  air,  the  relative  humidity  of  the  air  being 
Ijoat  70. 
The  movement  of  air  through  the  hot-aii'  louvres  is  not  regular ;  o|jen  doors 
I  windows,  which  increase  the  pressure  of  ths  air  of  the  room  on  the  hrnvre, 
sometimes  delay  the  movement,  and,  if  the  airnihaiidx^r  is  not  very  hot, 
'will  even  reverse  it  and  drive  the  air  down,  as  the  rapidity  of  movement  in 
those  hot-air  chambers  is  never  very  great ;   hut  in  cold  weather,  when  the 
doors  and  windows  are  shut,  tba  action  is  tolerably  regular. 
Ventilation  o/  Batrack  Ernmis, — (See  page  166), 
Ahltdioii  Rooms, — Formerl/  the  means  for  washing  w©to  ol  a.  N^rj  tvx^^ 
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*  ••.      /:'>;.'',.■,>  .-.w  .  rx.  •.-_•  .;•=•-  -  :■.  i' — ^'.a/z  1  jitii-^-  f-.Y^jciKneEk  £:: 

V  ;.  ♦  <  .•vv.-.   .;,■•>  vr..*.-;.^.-'  i;-  ;,i.v^i  -b-I:   i^r  -:■:  r^  in  iLe  kek-cpi    b 
.'   .'  t   v.??i..//   ;.',*» >.^.%  •»;.>  .■•■£-'.:  >    :li>i»i  ZfrciT  ^*  cclidL     Tfee  2U?i- 

*A  y .:'.' .,  /  y. '.*.,.;!  V/7  ;^,  »r..  iii:,*.r;:  f.:  h.     I:  sLoili  \»  fiued  withadr 
,/./  ' ,',    \  •,  /  *.;,;:  <,/^;  (,1  \:,H  :.:.-:,  v>  'irj  Ush  ia*:n's  dothts  ^vriien  ther  come  it 

/////^  '\u'.'t\\>.  ;if«:  T'lU'j/A  '/;j  on*:  or  both  si'l«  of  a  corridor.  TheviwI'' 
lo/i;/,  <;J  f'.'  *.  //I'l':,  arj'J  If  h'tuh  '  =  005  cubic  fe^t),  with  one  window*  3  fc«: 
i)  iii*\n-:  •/fith:  \,y  |  f/M  'J  iii':h'M  hi;:li,  placed  at  the  top  of  the  wall,ifri 
|/tiiif<lr<l  by  jf//n  b;if^,.  A  uif /vsihhi  iron  Khutter  is  sometimes  added  fot 
tut  Hilly,  ttnii  Uf  nmk*'.  Uir?  rjiW  a  dark  one  if  needed.  Fresh  air  ia  admittoii 
lfifoij)/)i  It  f/hiiifipr  /»j»irniji^  frrnn  tho  corridor,  which  is  warmed.  The  lii 
ohti'iu  Im-Iomt,  or  in  ntntm  tuiHCM  abovo;  but  the  former  arrangement  is  thebc^ 
A  foul  nil  Hhnh  rutin  ir*nii  Uin  t^ip  of  the  room.  Two  cells  are  piovided  for 
Kvi  IV  100  iiiiMi.     A  nnidiciil  oflici'r  inHjxjcts  the  cells  every  day. 

hnhiniit  tiini  f/n'ntilii.  Korinnrly,  urino  tubs  were  brought  into  hutuk 
I'liiiiiiM  nviiiy  iii^ht  :  mid  indf'fd  UiIh  is  still  done  in  some  barracka.  The  tabs 
Ml*  idifirhul  liultbs  nuA  «m\Y)V\vA  ^^N\^x>{  mv^rnvw^^  ^i\A  ^ilad  with  water  duii^ 
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the  day.  In  all  new  barracks  urinals  are  introduced  ;  they  are  placed  at  the 
oud  of  the  pasaaj^'e  beyond  the  ablution  room.  It  is  fomul  by  the  men  that 
tkia  is  iiiconvt^nient ;  the  passage  is  oftcm  wet  and  cold.  If  the  urinal  ii*  full 
of  water  it  splatshbg ;  it  might  be  well  to  put  the  overflow-jiipe  a  little  luwer 
down.  It  has  been  recommended  to  pint  a  email  pipe  and  stopcock  a  fow 
incbt's  above  the  uriniil^  f5o  that  the  uil^  may  ck'4inse  thema^vea,  and  In  this 
way  possibly  lesson  the  chances  of  syphilitic  mfection* 

CesapiU  are  now  discontinued  in  most  ban-acks,  and  water  latrines  are 
iiaed-  The  latrines  are  placed  at  some  little  ilistance  from  the  room«,  and  are 
usually  connected  with  them  by  a  covered  way  ;  in  almost  aU  bai*racks  they 
are  Jenmng's  or  Macfarhine's  patents.  These  are  metal  or  eiirth tinware 
troughs,  wliicli  are  one-third  full  of  waten  Twice  a-day  a  trajj-dour  is  hfttd, 
the  latrine  is  flushed,  and  the  soil  flows  into  a  sewer  or  tank  at  a  distance* 
A  hydrant  is  now  fre^ijuently  placed  close  to  the  latrine  ;  an  india-rubber  pipe 
can  be  connected  with  it,  and  the  seats  and  Hoor  of  the  latrine  are  thoroughly 
washed  in  this  way  twice  daily.  Probably  it  woidd  be  difficult  to  suggest 
anything  better  than  this,  although  soldii^rs  can  lie  taught  to  use  water-closets 
like  other  people,  and  do  not  damage  them.  If  water-closets  are  used,  a  plan 
suggested  by  Mr  WiHianis,  C.K,  clerk  of  the  works  at  Gravescnd,  seems  a 
very  good  one.  It  is  to  have  the  water-closets  at  the  top  of  a  two-«toreyed 
building,  to  the  central  part  of  which  they  form  a  small  third  storey.  In  tliiu 
way  the  following  advantages  are  secured  : — vicinity  to  the  men — under  the 
same  roof,  yet  with  perfect  ventilation  ;  impossibility  of  effluvia  passing 
down  J  proximity  to  the  cistern  ;  and  a  good  fall  At  present,  however,  it 
eeeuLS  better  to  keep  to  the  water  latrines  outside  the  barracks. 

Cavalry  Barracks, 

In  many  cases  the  men's  rooms  are  placed  over  the  stables,  and  there  has 
been  much  discussion  as  to  whether  this  arrangement  is  a  good  one.  On  the 
one  hand^  the  men  get  more  room,  as  the  horses  cannot  be  crowded,  and  they 
are  near  their  hoTBes,  On  the  other  hand,  there  is  strong  evidence  that  the 
ef&uvia  from  the  stables  pass  into  the  men's  rooms  overhead  j*  and  althougli 
I  have  been  able  to  find  no  siatisticid  proof  that  this  has  produced  sickness 
among  the  men,  w*e  may  safely  a  priori  conclude  that  it  is  objectionaWe.  The 
evidence  of  mews  in  London  m  not  in  point,  as  they  ai-e  oft*in  close,  ill* 
ventilated  courts,  independent  of  the  stables  in  them.  Besides,  this  evidence 
is  as  yet  rather  contradictory. 

The  question  has,  however,  been  solved  by  a  **  Report  on  tlie  Ventilatinn 
of  Cavalry  Stables"  (1863),t  by  the  Barrack  Izuprovement  Commissioners, 
who  have  shown^tliat  tho  ventilation  and  lighting  of  stables  can  only  be  satis- 
factorily carried  out  in  one-storeyed  buildings,  and  who,  therefore,  recommend 
that  the  men  s  rooms  shall  not  be  placed  over  stables, 

BiableA — The  medical  officer  has  no  duties  connected  with  stables,  except 
to  aee  that  they  are  in  no  w^ay  injurious  to  the  health  of  the  men  ;  but  it  may 
be  well  to  give  the  suggestions  lately  mode  by  the  Barrack  Improvement 
CommisBioners. 

In  all  the  old  stables,  if  it  is  not  already  done,  ventilating  sliafta  lue  to  be 
carried  up,  air-bricks  introduced,  and  more  window  epaoe  to  be  given. 

Whenever  etables  are  to  be  built  in  future,  it  la  recommended  that  the 

*  S«e  fltpeckllT  th«  fi^idence  of  Mr  Wilkinson,  PTiodpft]  Vaterinaiy  ij[irgi?OD  to  tbe  Armv  ; 
Beport  of  BuTftck  Coiniiiltte«  (1855),  p.  l^,  question  2»S2  ;  also  the  Reiiort  on  the  VentiU' 
tion  of  Cav^  SXMm  aS63). 

f  Report  of  Barrmck  and  Uonpital  ImprovemcDt  Commission,  dgn    '  bif  %\x  ^iAJcSbAX^  |k^x«'S. 
C»pt«in  Qahoo^  Dr  Sath«rUuid,  I>r  Loguij  and  C^ptAia  Bc\lie\d. 
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buildinji;,'  slu>uld  be  one-storyed  j  tliat  the  bKiadth  should  be  33  feet ; 
heiglit  of  the  aide  walla  to  the  spring,  12  ;  and  of  the  roof,  8^  feet  more, 
breadth  of  oach  fitall  is  to  be  5^  feet,  and  there  are  only  two  rows  of  ho 
in  each  stable.     Ench  home  is  to   have  100  superficial  feet,  and  1605  cubS" 
feet ;  the  yentilation  is  by  the  roof,  and  \e  formed  by  a  Icmvre  1 6  inche«  wida 
carried  from  end  to  end,  and  giving  4  square  feet  of  ventilating  outlet 
eacli  hnrae,     A  course  of  air-bricks  is  earned  round  at  the  eaves,  giving  I 
square  foot  of  inlut  to  each  horse ;  an  airdirick  is  introduced  about  6  incj 
frr»in  the  ground  in  eveiy  two  stalls.     There  is  a  swing  window  for  eT0 
Btali,  and  spaces  are  left  below  the  doora.     In  this  way,  and  by  attention  ( 
eurfaee  dminage  and  roof  lighting,  it  is  anticipated  that  stables  will  bectm 
perfectly  healthy.     Some  experiments  were  made  some  years  ago  by  I>r  i 
Chauiuont  on  th<^  air  of  some  artiUery  atables  at  HilsetL     In  one  stable, 
32  ventilatc»rs,  and  with  G55  cubic  feet  per  horse,  the  CO^wna  r053  volu 
per  1000  ;  in  another,  with  1000  cubic  feet  per  horse,  and  with  420  air-brit 
25  windows,  and  a  ridge  opening,  it  was  '573  volinues  per  1000,     The 
experiment  shows  great  purity  of  the  air, 

Bejmrts  on  Barrachs* 

The  RegidatiouE  order  the  forai  in  which  i*eports  on  barracks  shall 
in.  The  aiTangements  should  be  strictly  followed  ;  it  comprehends  sito^ 
stniction,  external  ventilation,  internal  ventilation,  basements,  and  ad  mi: 
tioB.  It  is  then  certain  that  no  point  will  be  overlooked  ;  and,  if  nothing 
be  made  out  after  going  thoroughly  through  all  the  headings,  it  may  be  con 
clndfHl  tliat  the  cause  of  any  prevailing  sickness  must  be  sought  elsewhere. 
The  site  and  basement  sho^d  be  especially  looked  at ;  every  cellar  ahonld  be 
enteiYnl,  and  the  drainage  thoroughly  inve^tigatt^.  Little  can  be  learned  by 
merely  walking  tlirough  a  barrack  room,  which  is  nearly  sm^  to  lo<>k  cle&iu 
and  may  present  notlung  obviously  wrong.  With  resjK^ct  to  ventilation, 
statements  of  soltUors  can  seldom  be  trusted ;  they  are  accustomed  to  vitial 
air,  and  do  not  perceive  its  odoim  The  proper  time  to  examine  the  air  ul 
room  is  about  12  t^  3  a.m.,  and  the  metlical  officer  should,  acconlingly,  visit 
barrack  rooms  between  midnight  and  3  A-M.  every  now  and  then.  ~ 
cisterns  sliould  be  regidarly  inspected. 

The  walls  and  floors  of  the  rooms  should  be  carefuUy  looke<l  to.     Walls 
porous,  and  often  become  impregnated  with  organic  matter.     If  thei^ 
Bnsjjicion  of  this,  they  should  be  scraped  and  then  weU  washed  with  qnic) 
The  medical  utiicer  should  see  that  the  lime  is  really  caustic ;  chalk  and 
does  little  good.     Collections  of  dii-t  form  under  the  lioois  sometiineia,  and  a 
board  might  be  taken  up  to  see  if  this  is  the  case. 


Sub-Sboton  XL — Barracks  m  Forts  aki>  CrrADEifi. 


examph^^ 


Id  f ortiiied  places  it  is,  of  course,  often  impossible  to  follow  the 
of  good  barracks  just  given.  Citadels  may  have  little  ground  space ;  boilduig? 
must  be  compressed,  guarded  from  shot,  made  with  thick  and  bomb-proof 
walls,  with  few  openings.  Buildings  are  sometimes  undergrountL  Drainage 
is  often  difficult,  or  impossible  ;  and  if  to  all  these  causes  of  contaminai 
of  air  we  add  a  ileficiency  of  water,  which  is  common  enougli,  it  vnM  not 
prise  us  that  the  sickness  and  mortidit^^  in  forts,  in  even  healthy  localitii 
are  greater  than  should  be  the  case.  •  Both  at  ^lalta  and  Gibraltar  there 
for  years  been  too  large  a  mortality  from  typhoitl  fever,  and  from  the 
tive  lung  diseases,  which  appear  in  the  returns  as  phthisis.  The  specii 
cuJties  of  easenmtea  are  aa  loUowa  :  da.mpness,  which  is  very  commoii 
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80  that  the  motature  often  stands  in  drops  on  tho  walls ;  a  low 
tempemtnre ;  a  want  of  ventilation ;  and  a  want  of  light. 

How  these  diMruIties  are  to  be  met  is  one  of  the  most  difficult  prolileina  the 
military  engineer  has  Wfore  him.  How,  without  weakening  hia  defenc<*8,  he 
18  t^>  \^t  light  and  air  into  the  bnilillngs,  and  an  efficient  sewerage,  would  test 
the  ingonnity  of  a  Brunei.  It  lb  possible  that  the  beet  plan  would  be  by  the 
employnient  of  thick  movable  iron  doora  and  ahnttere.  In  time  of  peace  these 
might  be  open  ;  in  time  of  war  eaaOy  repljiceil  But,  in  addition,  means  of 
ventilation  must  be  provided  when  such  defences  close  tha  usual  openingB  j 
tubes  must  be  carried  up,  and,  if  necessarily  winding,  an  enlai'god  aiiea  mj^t^ 
perhaps,  compensate  for  this. 

It  must  be  said^  also,  that  it  is  quite  certain  that  in  our  fortified  places 
many  of  the  arrangements  ait^  much  worse  than  they  neetl  l>e,  and  Uiat  the 
sanitary  rules  deducible  inmi  home  experience  should  be  applied  in  every  case 
when  the  defenisive  properties  are  not  interfered  with. 

Scb*Sbction  III, — Barracks  m  Hot  CLniATBS, 

The  older  barracks  in  both  the  East  and  West  Indies  were  often  merely 
copies  of  the  English  barrack  s^iuare.  In  some  cases,  also,  the  exigencied  of 
defence  led  to  a  cramped  and  irregular  plan,  and  owing  to  the  little  attention 
which  was  paid  either  to  the  health  or  comfort  of  the  soldier,  overcrowding 
and  deficient  ventilation  were  as  common  in  the  tropics  as  at  home.  For 
several  years  there  hiis  l>een  a  gradual  im|»roveiiieut,  and  in  India  especially 
vast  and  extensive  palaces  have  been  reared  in  many  stations,  which  testify  at 
any  rat*  to  the  anxiety  of  the  Government  to  house  their  soldiers  properly.* 

It  will  be  desirable  to  refer  here  chiefly  to  the  Indian  barracks,  but  the 
same  principles  apply  t^  all  hot  countries. 

The  Inilian  Sanitary  Commission  havi;  lately  recommended  that  each  man 
in  barracks  shall  have  10€  superfieitd  feet,  and  1500  cubic  feet  The 
CJovemment  of  India  recommemWl  in  1864  that  there  should  be  90  super- 
ficiid  feet  in  the  plains,  and  77  in  the  hills,  which,  with  a  width  of  24  and  22 
feet^  and  height  of  20  and  18  feet,  would  give  1800  cubic  feet  in  the  plains 
and  1408  in  the  hills.  Jlr  Webb,t  who  has  paid  great  attention  to  the  snb- 
ject  of  over-crowding  in  luflian  barracks,  and  who  believes  that  it  is  the  grand 
cause  of  insalubrity  in  India,  has  adduced  good  reasons  for  thinking  that  this 
amount  is  not  nearly  sufficient  It  is  snggested,  indeed,  that  3000  cnbic  feet 
of  spac«  is  not  too  much. 

I  shall  not  refer  to  the  old  barracks,  but  to  the  later  and  the  present 
patterns. 

In  1857  and  1858  the  Bengal  Government  ordered  standard  plans  to  be 
prepared,  and  some  barracks  have  been  built  in  accordance  with  them.  A 
description  and  figures  will  be  found  in  the  former  editions  of  tliis  work.  In 
1863  the  Governor-General  of  India  in  Council  ordered  a  renewed  inquiry 

*  Some  of  tbese  grait  bftnmckB,  nn  nt  AllahnYwI.  have  not  given  iitlsfftction,  and  hare  been 
foiwd  fui  hot  or  even  hotter  than  tli«  old  barracks.  But  tm«  appeum  to  ha?e  b^vti  rrom  nat 
attefCidiEg  to  the  ntl«»  D«ver  to  lt5t  th«  eun'a  rays  fall  on  a  main  waU.  btit  to  nhadow  the  wall 
by  a  verandah.  The  double  roof  al*o  baa  apparently  not  b««ii  luifieiently  double,  t.£«,  tJbe 
openiiigi  shove  and  below,  to  allow  the  air  to  circulate,  have  not  been  lam  t»noitgh  ;  ventilju 
ton  have  also  not  been  pat  to  the  v«randahfi,  ko  that  the  heated  man  of  air  oaimot  aMead* 
Kotbing  teodi  to  came  greater  beat  than  atagnancy  of  the  air,  aa  may  be  seen  bv  the  etae  nit 
which  wateir  may  \m  lH»iled  in  a  cloee  veiMl  by  the  raya  of  the  van,  even  in  EnjE^laud.  The 
<»bjectioti  io  the'palaoea  which  have  been  bult  in  India  ainec  the  mutiny,  in  not,  I  i>onc-elve,  m> 
much  to  the  {irinriple  of  th*^  barraeka,  but  to  ftome  faults  in  oonAtniction,  and  enpecially  to 
their  looa^lities,  vU.,  in  tht;  j>UiDH  lnit»»d  of  in  tb«  hillii  in  many  caaes. 

f  Remarks  on  the  Health  al  Guit)peaa  Soldiers  in  India.    Bf  E.  "W^^i^k.    "ftcrmWi  ^\^S 


Hje  two-€tot€yed  in  tli6  plaUmh^  fttad  Olie  or  iwti 
being  used  for  dormitorieg ;  single  yeraiidahs  of  10  or 
these  rooma.  There  are  to  Ik?  ouly  two  rows  of  beds  i 
bedB  are  to  be  9  inches  from  the  wall,  and  onlj  two 
wall  space  between  two  contiguous  doors  (or  window 
bed  is  to  have  7  J  feet  of  running  wall  space,  in  the 
arrangemt^iitfi  of  tlie  building  are  based  on  the  suggestioi 
Sanitar}^  Commission.  At  each  end  of  the  dormitory 
urinals ;  and  what  appears  to  be  the  betat  plan  places  thi 
of  the  vemndah,  leaving  a  space  between  them  and  the 

The  lowLir  story  in  the  plains  was  intended  to  be  na 
it  appears  that  this  has  not  been  comfortable  for  the  nic 
now  used  ajs  dormitories. 

The   married   people^a  quarters  are   to  be  grouped 
blocks^  each  block  holding  the  married  j^eople  of  a  com 
rooms  (16  feet  x   14  feet  and  14  feet  x   10  feet)^ 
family  ;  verandahs,  12  and  10  feet  wide,  are  provide^l 

In  all  tlif38a  arrangements  it  will  be  perceived  that  tl 
of  the  home  barracks  are  preserved  ;  long,  thin,  nan«i 
mtli  thorough  cross  ventilation,  with  the  sleeping-rooxi 
ground,  would  certainly  appear  to  be  as  good  an  arra 
devised*     A  few  more  remarks  on  some  of  the  points  hi 

1,  Size  of  Houses. — ^If  there  are  no  strong  military  le 
it  seems  certain  that  it  is  even  more  important  in  Indi 
apn^ad  the  men  over  the  widest  available  area,  and  no 
fifty  men  in  a  single  block,  and  twenty-five  men  in  i 
therefore,  the  proposed  plan  is  most  desirable.  Tliere  1 
laiaed,  that  small  detached  house*  in  the  hot  plains  of  ] 
large  space  in  sliadow,  get  everywhere  heated  by  the  ai 
Ycry  hot.  The  objection  is  theoretical ;  it  is  the  immei 
used  in  the  construction  of  large  buildinijs  whii  h  are  t< 
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beda  in  each  house,  and  to  keep  the  houjsea  under  30  feet  in  width, 

as  to  permit  pffective  perflation,  A  single  vomndah  Ib  as  gooil  as  a  double 
one  in  keeping  ofif  the  direct  raya  of  the  sun  from  the  walla  of  the  house,  and 
two  veiandahfl  (one  inner  and  one  outer)  add  to  the  breadth  to  be  ventilated* 
The  width  of  the  vemndaha  must  be  10  to  12  fe-et;  and  on  the  southern  and 
we«tjcrri  sidea  wooden  jalousies  may  have  to  be  placed  so  aa  to  occupy  3  or  4 
feet  at  the  upper  part  of  the  verandah. 

Verandahs  should  be  ventilated  by  openings  at  the  bigheat  part,  so  as  to 
have  a  free  movomeiit  of  air  through  them  ;  this  is  very  important  If  them 
are  two  storys,  the  roof  of  th«  upper  verandah  should  be  double. 

Materials  of  Bidhling, — On  this  point  there  is  little  choice,  for  the  risk  of 
^te  renders  the  ii&e  of  wood  undesirable  for  walls  and  roofs.  And  yet,  apart 
Irom  tills  risk,  loosely  joined  wood,  or  fraiaea  of  bamboo,  have  the  great  ad- 
vantage of  allowing  air  to  \vt\m  through  the  walk.  Brick  or  stone  has  there- 
fore to  be  used-  In  India,  sim-dried  brick  {kuti:Jia),  covered  with  cement,  or 
fac<?d  with  burnt  brick,  is  oft^pn  used  ]  and  the  rt^raains  of  Babylon  or  Xineveh 
show  how  imprishable  a  material  this  is  if  prof^erly  protected.  It  is  said  to  be 
a  c<X)l(^r  material  than  burnt  brick  {pucka)^  but  it  absorbs  a  great  deal  of 
moisture. 

Iron  barracks  were  sent  out  from  England  during  the  mutiny,  hut  were  said 
to  b©  hot,  and  were  not  liked  ;  but  iron  frames  liave  been  usefidly  employed, 
the  intervals  being  filled  up  with  unburnt  bricks.  There  is,  however,  a  very 
general  feeling  against  unburnt  brick,  on  account  of  the  moisture  it  absorlis  and 
jBtaina.  The  concrete  woUs  now  coming  into  so  much  use  in  England  would 
hb  particularly  adapted  for  India ;  they  are  cheapo  and  are  dry. 

Coniftrudlmi  of  the  Building. — The  three  points  to  be  aimed  at  are — avoid- 
ing the  malaria  and  dampness  of  the  ground, abould  there  b*>any  risk  of  this; 
insuring  coolness  ;  providing  ventilation- 

(a)  Employmerd  of  Open  Arches  for  the  Basement.— The  extraordinary 
diminution  in  the  nak  of  malaria  by  elevating  the  building  only  a  few  feet 
above  the  ground,  and  allowing  a  free  current  of  air  under  the  house,  is  iHud* 
tmtod  in  varii:»us  parts  of  the  world :  along  the  banks  of  the  lower  Danube,  in 
llbe  pMns  of  Burmab  and  Siam,  &c.  But  another  great  benefit  is  obtained  : 
Idzyness  and  freedom  from  pent-up,  stagnant,  and  often  septic  masses  of  air  are 
insured,  so  that,  even  when  the  soil  is  not  distinctly  malarious,  buildings 
abould  lie  rai»ei  In  a  malarious  country  the  height  of  the  ground-fioor  above 
ithe  ground  should  be  8  or  10  feet  j  in  non-malorioua  districts  3  or  4  feet  ara 
Bufficient,  but  it  should  always  be  high  enough  to  allow  cleaning. 

If  high  enough,  these  open  spacer  ailord  cKcellent  spaces  for  exercise  during 
the  heat  of  sun. 

(b)  Walk, — Very  thick  brick  walls  do  not  add  to  coolness  (Che vers),  hut 
being  thoroughly  heated  during  the  day,  give  out  heat  all  night  The  direct 
lays  of  the  sun  should  not  be  allowed  to  fall  on  any  part  of  the  main  wall. 
|This  will  be  found  one  of  the  moat  important  rules  for  insuring  coolness. 

»ouble  main  walls,  with  a  wide  space  between,  and  free  openings  above  and 
low,  so  as  to  admit  a  constant  movement  of  air  between,  is  the  coolest  plan 
wiL  Considering  the  excellent  ventilation  which  goes  on  in  bamboo  and 
ooden  houses,  it  may  be  a  question  w^hether,  in  the  warm  parts  of  India,  tha 
alls  might  not  be  made  aa  far  as  possible  permeable  ;  at  any  rate,  above  the 
kieada  of  the  men.  Whitening  the  outside  wails  reflecta  the  heat,  but 
|a  daauding  to  the  eyes  ;  almost  as  good  reflection,  and  much  less  dazxling,  ig 
obtaineil  by  using  a  alight  amount  of  yellow  or  light  blue  colour  in  the  c«metLt 
liyr  Ume-wash. 

(c)  Floors, — ^The  materials  at  present  used  aio  Aagatonea  (jii^ii%iaX\'^^^^!» 
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(in  same  bfuracks  in  tbe  Punjab),  greenstone  (in  some  ^ 
bricks  placed  on  end  ami  covered  with  concrete,   poi  i  ioJr  i 

beuten  into  a  &f»li(i  concrete  and  [da,st4*it>J  i^ith   Hnie,  lirokea  uudn 
stone  or  kiinkur  (in  places  whert?    tbe  mns,sea  of  kunknr  are  foooil,*! 
Bengal),  asitliult,  pitch,  and  sand,  wood  (Chevers).      Of  these  varioOiJ  i 
the  asphalt  gt-t*}  soft  and  is  objectionable  ;  the  cement«  and  kunkoj  i 
holes,  produce  dust,  and  have  been  eup|)osed  to  cause  ophthahuiA  (C 
wood  is  liable  to  attacks  of  white  ants,  <Scc 

On  the  whole,  it  would  seem  that  good  wood  (if  there  lie  A  space  ^^^ 
barmcks)  with  brick  supportjd  is  the  best,  and  after  fcbis  tiloa 

(d)  Eoofo. — Double  roofs  ar^  now  usually  employed,  and  an?  madil 
and  not  terraced     The  terraced  moh,  if  made  single  (!*.<♦,,  with 
joists  covered  with  kunkui'),  conduct  heat  loo  freely  ;  but  if  made  do 
a  good  current  of  air,  there  is  an  advantage  in  giving  a  prom  enable  to  t 
and  also,  at  some  seasons  of  the  year,  tlje  roof  may  be  most  adi? 
nsed  as  a  slceping-pIace, 

Tiie  sloping  roofs  are  better  adapted  for  ventilation*      The  coola 
made  of  thatch,  covered  with  tiles  ;  it  would  be  cooltir  stOl  if  tbr  tl 
outside  ;  but  thatch  is  dEtngcrL>us  on  account  t>f  fii^^,  and  Larlx»urs  ve 
insects     If  there  is  a  gottd  space  betw«jcn  the  two  roofs  (2  feet),  and  if  t! 
are  fiufficient  openings  to  permit  a  good  curi'ent  of  air,  perhaiis  two( 
would  be  ii5  cool  as  any, 

(e)  Doors  and  WimfowB.' — These  are  now  always  mftde  vory  nc 
opposite  each  other,  so  as  to  permit  perfect  perflation.      The  officiiU  ' 
tions  *'  oi-der  one  window  for  every  two  beds.     Five  doors  art* 
for  each  room  of  twenty-five  men ;  and  Norman  Chevers  gives  n  i 
light  placed  in  the  centre  at  night  should  be  seen  on  all  sidoA      Upp 
as  lower  wiiulows — a  clercsforj,    in  fact — are   iiBefiil  ;    the  lower 
shoidd  then  open  to  the  groiiniL     In  most  of  the  stations  in 
the  windows  muf^t  be  glazed. 

The  coimuittee  appointed  to  carry  out  the  suggestions  of  the  Indimi  i 
Commission  have  i^commeudwl  that  each  window  should  eoriBisi  of  I 
' — the  upper  portion,  aliout  2  feet  in  depth,  Imng  hingtHi  on  ita  Iowa 
fall  inwaids,  so  as  to  dii^ct  the  currents  of  air  towards  tli©  ceiling  of  1 

VentilaUmi  of  Tropical  afid  Subtropical  BcamcJcs. 

If  barracks  are  not  made  too  broad^  and  are  projierly  plac€»d,  the 
ciples  of  ventilation  may  be  applied  to  them  as  to  barracks  at  hoxrn^ 

perilation  of  the  wind  shouW  be  obtained  as  freely  aspossible^     The 

doors  and  windows,  however,  render  it  unnecessary  to  firoWde  special  tji^ 
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outlets  should,  as  at  bome^  be  at  the  top  of  the  room^  either  along  tb* 
or  if  of  shafts^  they  should  be  carried  up  some  distance  ;  if  tbev  ait*  il> 
luasfmry,  and  ]uiinted  l>lack,  the  sun's  rays  will  cause  a  good  iip-fnuT<fnt 
ttixja  of  the  shaftv'^  is  onlered  {''  iSuggestions/'  p.  22)  to  be  1   ^^juiire  iidt 
every  15  or  20  cubic  feet,  with  loiivi-es  above  and  inverted  louvre«be] 
the  lower  rooms  these  shafts  are  to  be  built  in  the  walls  ;  in  the  up] 
to  lie  in  the  centre. 

In  many  fiarts  of  India,  however,  at  particular  times  of  tb©  jBar, 
both  hot  anil  stagnant;  in  suchatalionsartificial  ventilation  must  be  el- 
and the  forcing  in  of  air  offers  greater  advantage  than  the  method  br 
tion.     The  wheel  of  Desagiilit'i-s  was  introduced  into  India  many  yisn 
by  Dr  Kankine,  and,  under  the  name  of  **Thermantidote/*  is  frequ      ' 
in  private  hous^  and  hospitals.     A^Tbeels  may  be  used  of  a  lar     " 
driven  by  horses  and  buiiocka,  ox  ^V^jsim  c>x  NtiaJuex  ^^i^t.     The 
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kttiat  the  air  can  be  taken  through  a  tunnel,  and  cooled  either  by  the 
Mrtb  or  bj  evaporation  {see  Cooling  of  Ah). 

AJxiott'8  pump,  made  ria  large  aa  a  man  can  easily  work,  will  be  found 
Blteaper,  uml  as  good  m  th«  theniiantidote. 

L  isommon  punkah  is  a  vcntilatorj  as  it  displaces  masses  of  air  ;  the 
ipafla  far  beyond  the  building,  and  an?  replaced  by  frefih  air  waves 
^^JlL  An  impTOved  punkidi,  worked  by  hoi*8e  or  bullock,  and  supplied 
^fper  for  evaporation,  was  devit^ed  by  the  late  Mr  Moorsom  of  the  5 2d 
Q^nt  ;  it  is  dt^scribed  and  hgiut'd  in  the  report  of  the  Indian  Sanitary 
nifision,  and  would  eeem  likely  to  be  a  very  useful  modificatiun  of  the 
hpn  piiiikak 

fcfeiliition  in  moat  parte  of  India  must  be  combined  with  plans  for  eooliiig, 
■fad  for  moistening  the  air. 

^Kp  of  Air. — When  the  air  ia  dry,  /.'>.,  when  the  relative  humidity  is 
^^B  is  no  difficulty  in  cooHngTthe  air  to  almost  any  extent.  If  the  air 
^TOf?,  this  is  still  easier.  The  evaporation  of  water  is  the  great  cooling 
^.  A  drup  of  water  in  evaporating,  absorbs  as  much  heat  as  would  raise 
S4iu;il  dn:t]>fl  1°  Fabr.,  or  in  otber  words,  the  evaporation  of  a  gallon  of 
"  abeorbs  as  much  hi^at  from  the  air  as  would  raise  4  J  gallons  of  water 
^sero  to  the  boiling  point.  As  the  speciiic  heat  of  an  equal  weight  of  air 
pbttt  of  water,  it  follows  that  the  evaporation  of  1  gaUon  or  10  lb  of  water 
tool  (10  X  4  X  967)  38,680  %  of  air,  or  477,637  cubic  feet  of  air  V  Fabr.; 
f  put  it  in  iinotber  way,  the  evaporation  of  1  gallon  of  water  will  reduce 
|16  cubic  fwt  of  air  freim  80'  to  60"  Fabr.  If  thoroughly  utilise*!,  li 
b  per  heful  wuuld  he  the  allowance  for  12  hours,  but  as  the  ftdl  work  is 
m  got  out  of  any  material,  this  quantity  ought  in  practice  to  he  doubled, 
■dia  the  temiierature  of  a  hot  dry  wind  is  often  reduced  15*  to  20""  by 
Siig  through  a  wet  kuskus  tattie ;  but  merely  sprinkling  water  on  the 
i  wiU  have  a  perceptible  effect  on  the  temperature, 
rhen  the  air  is  stagnant  coding  is  less  easy.  In  India  it  is  often  attempted!, 
■till  atmosphere,  to  insure  coolness  by  creating  currents  of  air  either  by 
l^dd  pimkah  or  by  tbermantidotes  ;  these  act  by  increasing  evaporation 
raie  body,  and  they  cert-ainly  do  away  with  the  oppressiveness  of  a  still 
^»he?e.  But  evafjoration  of  water  must  be  also  employed,  as  in  Captain 
iiikah  just  refeTTed  to,  or  in  some  other  way. 
■  of  a  therm  antidote,  or  Arnott  pump,  thin  wet  cloths  suspended 
■  short  discharge-tube,  or  ice  suspended  in  it,  or  a  bottle  containing  a 
mixture,  and  with  a  wet  surface^  wiU  answer  equally  welL 
ben  water  h  abimdaiit  other  contrivanccis  may  be  employed.  A  stream 
E»r  issues  fri.>m  a  small  orifice  with  a  high  velocity,  and  impinging  on  a 
kind  iron  jdate  about  an  inch  or  two  h-om  the  orifioei,  is  heautiftdly 
|Jireri«ed-  Ur  the  beautiful  sheet-water  fountains  used  to  wash  air  for 
jkitilation  might  be  employed.  In  the  tdd  Roman,  and  some  Ittdian  houses 
plness  was  obtained  by  a  fountain  in  the  central  couj-t ;  and  where  it  can  he 
Kme,  the  more  common  employment  of  fountains  in  the  houses  in  the  hot 
orto  of  India  may  be  suggested. 

Cooling  is  then  easy  when  the  air  is  dry,  or  is  not  moister  than  70  per 
HtL  of  saturation  j  but  when  the  air  is  very  moist,  and  almost  saturated,  as  is 
leu  the  case,  for  example,  in  Lower  Scintle,  and  is  at  the  same  time  still, 
(laporation  is  very  slow.  Wliat  can  \y^  done  ?  Of  course  the  air  must  be  set 
I  motion  by  mechanical  meana  But  bow  is  it  to  be  cooled  1  Two  plana 
Iggeat  themselves — taking  the  air  through  a  deep  tunnel,  and  the  employ- 
emt  of  ice. 
The  tunnel  plan  was  faietl,  I  heliQve^  some  yoars  ago  at  Agta,  Mti  ^«a  T^aV 
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well   thouglit  of,     But  everything  depends  on   the  mode  of   nuddng  tin 
tiaineL     It  must  be  deep  enough  to  get  into  a  cold  etratuin  of  eaiih-* 

The  ChinaHe,  in  the  north  of  China,  suspend  lumps  of  ice  in  tli«ir  nxnoi 
during  the  aumnior ;  hut  this  se^ms  a  wasteful  plan.  Ice  in  tunnels  wtmU 
have  a  much  greater  cfiFect.  If  the  ice  cannot  be  obtained,  freeziiig  miztim 
might  posaiblj  be  used,  if  the  expense  is  not  a  bar, 

Ahhdkm  Rooim. — In  India,  every  private  house,  and  almost  every  nxunii 
a  house,  belonging  to  a  European,  has  itfl  bath-room*  And  not  only  ti» 
luxury,  hut  the  benefit  is  so  great,  that  bath-rooms  should  be  coDsidewd 
essential  to  every  barrack.  For  the  usual  purpases  of  ablution  the  plan  m/t 
used  on  home  service  is  the  best ;  but  it  should  be  supplemented  by  showw- 
baths.  In  order  that  these  shall  be  efficiently  given,  the  old  plan  of  canying 
water  by  hand  must  he  given  up  ;  shower-baths  for  a  regiment  could  nerer  bf 
provided  in  this  way ;  water  in  large  quantity  muat  be  laid  on  in  pipes,  aod 
cisterns  at  the  top  of  every  barrack  should  feed  the  ablution  roomi.  toii 
supply  water  for  the  urinals.  At  least  from  12  to  18  gallons  daily  should  h 
aMowed  per  head  for  shower-baths  alonc»  and,  if  poasihle,  more  than  tbi%  H 
general  baths  should  T>e  also  provided.  So  essential  must  baths  be  oonskleiid 
for  hij-alth,  that  a  birge  supply  of  water  should  be  considered  a  neceaiaij  O"*^ 
dition  in  the  choice  of  site.  The  disposal  of  the  water  after  use  IB  ft  qiiestiai 
for  the  engineer  ;  but  it  must  not  be  permitted  to  soak  into  the  ground  ntf 
the  barracks;  it  might  seem  BUpertiious  to  notice  this,  if  the  custom  of 
allowing  the  ablution  water  to  run  under  the  houses  did  not  pi^evail  at  «m» 
stations. 

t/n/ioZ^.^Urine  tubs  are  stiU  used  in  many  of  the  barracks  in  India,  l)«t 
their  use  should  he  discontuiiied  as  soon  as  possibla  Evaporation  is  i«pil 
antl  decomposition  schju  sets  in-  Several  army  siirgeons  have  pointiad  o»l 
that  the  atmosphere  is  greatly  contaminated  in  this  way,  and  some  hate  HOOt 
sidered  that  aflectioiis  of  the  eyes  ai^  firoduccd  by  the  ajnmoniacal  fiao* 
Earthenware  or  slate  imnals  should  be  used,  with  water  running  thiv>ii^b 
them  •  and  if  there  arc;  no  drains  to  carry  off  the  urine,  a  zinc  pipe  tn^j  he  Uvi 
inside  the  building,  and  open  into  a  tub  below,  which  should  be  em|itn^ 
daily. 

The  War-ofliee  Committee,  in  their  **  Suggestions  "  (p.  24),  recommeoM 
Mr  Jemiing^s  urinal,  which  consists  of  a  basin,  valve,  and  syphon-tnf^ 
supplied  with  water.  It  is  cleaned  and  tilled  by  raising  the  Imndle.  ii 
already  noticed  in  the  Homo  Barracks,  the  suggestion  of  a  small 
ahove^  to  allow  the  means  of  ablution,  seems  an  excellent  one. 


wateiifll 


SuB-SEcnoif  lY.^ — Wooden  Huts. 

Of  late  years  the  use  of  wooden  huts,  both  in.  peace  and  war,  has  grwdy 
extended  in  several  of  the  European  armies.  In  peace,  their  first  ocsl  ii 
Bmall,  and  they  are  very  healthy.  In  war,  they  afford  the  means  of  boQflll^ 
an  army  expeditiously,  and  are  better  aflapted  for  winter  quarters  than  teoti. 

The  healthiness  of  wooden  huts  doubtless  depends  on  the  free  Tentiktiim; 
when  siugleniiased,  the  wind  blows  through  them ;  and  even  when  doable-caaelli 
thert!  is  generally  good  roof  and  gable  ventilation. 

Numerous  puttems  of  huts  have  l>oen  used  in  our  own  and  other  annifli^ 
from  small  hnusea  holding  six  men  to  the  large  houses  design^ed  by  H^ 
Brunei  for  Eenkioi  Hospital^  and  which  were  25  feet  high  in  the  coifttM^  U 
feet  at  the  oaves,  and  held  50  men.     In  the  Crimea  the  most  oomxiioii  mam 


Tlie  roCTUt  iavefjtig:ntloii(i  into  the  composition  of  tLe  ground  nir,  give  addilfona]  i 

toT  objecting  to  ibe  tunad  plm,  mloiw  Uiq  nimofit  cans  w«r«  takim  to  pTQVs&t  tlkt  gmi^  t^ 
being  delivered  into  Xha  d^^t^llinp  ^w«  ^&^  *4tl V 
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were  for  12,  18,  and  24  raeiL  Sir  Garnet  Wolaelej  thinks  the  mo«t  "useful 
size  is  32  feet  long,  16  wide,  6  feet  to  eaves,  and  16  to  ridg^^  to  bold  28 
men  ;  two  bete  arc  put  end  to  end,  with  one  chimney  between  them.  If 
protection  hA^  to  be  obtained  against  wind,  make  a  wall  a  foot  away. 

In  arranging  lines  of  hntii,  as  much  external  ventilation  and  sunlight  must 
be  secured  as  possible  for  every  hut.  According  to  circumstances,  the 
arrangements  in  linas,  or  en  ecMon,  &c,  must  be  adopted^ 

In  time  of  peace  huts  are  sure  to  be  put  up  well ;  to  be  properly  under- 
pinned ;  on  a  drained  eite^  and  well  warmed* 

War  HtdH, 

In  the  putting  up  of  huts  in  the  time  of  war,  when  everything  is  done 
more  roughly,  the  following  points  should  be  attended  to  : — 

Do  not  excavate  ground,  if  possible ;  and  never  pile  earth  against  the  sides,* 

(i^;)  Flijor, — Whenever  practicable.,  underpin  the  joists,  so  as  to  get  a 
current  of  air  under  the  floor.  Arrange  for  the  diaiiiage  uBderneath,  so  that 
watcjr  nifty  not  lie,  hut  inay  be  carried  by  a  surface  draiB  at  once  to  an  outside 
drain.  K  the  floor  is  cntirtdy  of  wood,  have  it  screwed,  aiid  not  nailetl  down,f 
BO  that  the  boank  may  be  taken  up,  and  the  space  below  cleaned.  If  the 
sides  are  of  plankj*,  and  the  centre  of  earth,  pave  the  centue  with  small  litonea, 
if  they  can  be  got,  so  that  it  may  be  swept  If  this  cannot  be  done,  remove 
a  little  of  the  sur^koe  earth  every  now  and  then,  and  put  clean  sand  or  gravel 
down* 

(6)  Sidm, — If  the  ddes  are  double^  leave  out  a  pLink  at  the  bottom  of  the 
outside,  and  at  the  top  of  the  inner  lining.  If  the  sides  are  single,  make 
ohliijue  openings  for  venlilation  above  the  mon^s  beads,  with  wooden  flaps 
falhng  inwartlis,  imd  capable  of  being  pulled  more  or  less  up,  and  inclosing  the 
opening.  Place  a  plank  obliquely  along  the  bottom  at  the  outside,  to  throw 
the  drip  from  the  roof  outwards,  so  tbit  the  water  may  not  sink  tinder  the 
houses,     ^VHiitewash  both  inside  and  outside  of  the  planks. 

(c)  /2oo/.— Arrange  for  ridge  ventilation.  If  felt  is  used,  let  the  strips  run 
along  the  sides,  and  not  over  the  ridge,  and 
beginning  at  the  bottom,  so  that  each  successive 
strip  may  imbricate  over  the  one  below  it  j  use 
no  naUs,  but  place  thin  strips  of  board  acrosa 
the  strips  from  the  ridge  downwards,  to  hold 
the  felt  down.     Tarred  calico  is  as  good  as  felt 

Warming. -^In  cold  countries,  if  stoves  are 
provided,  place  them  at  one  end,  and  let  the 
chimney  run  horizontally  along  above  the  tie- 
beams,  to  the  other  end,  and  open  at  the  gable; 
in  this  way,  the  heat  is  economised  :  or  put  a 
casing  of  wood  round  the  sto^  except  in  front,  and  allow  fresh  air  to  pass 
between  the  stove  and  casing.  If  no  atovea  ore  provided,  and  a  tire-place  ia 
made  with  stone,  it  should  be  put  at  one  end,  and  a  wooden  trough  running 
out  at  the  gable  be  used  as  a  chinmey.  If  a  good  broad  slab  of  stone  can  be 
obtained  for  a  hearth-stone,  dig  a  treuch  under  the  boards  and  lead  the  air 


Fig.  107. 


*  Wliile  it  it  desirable  to  Imve  ttie  wdla  ai  clear  from  aiscttaulttiotui  ontaide  at  poeaible,  it 
ft  miut  be  rvmenibered  thnt  tbii  role,  like  othera^  has  fti  exception.  Thue,  in  a  very  cold 
couBtrVi  like  Oe&ada»  a  salfideat  deeroe  of  wermtli  ooold  not  be  obUined  in  a  wooden  but 
witboat  piling  now  up  ag&iiuit  the  sides. 

t  If  possiHie  the  screws  should  be  of  copper^  not  Ircni ;  if  of  iron  each  screw  ou^Kt  V^  \i% 
aipf«d  k  oil  i>efon  being  put  in  :  this  greatly  increaiM  tbe  MM  iwvtb  ^VlUSb,  liSfcuw^  c«flDi\3%  'wHai^ 
draim,  and  alio  MfM  Uie  wood  to  some  degree. 
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from  outside  under  the  hearth-stone,  and  provide  an  opening  at  the  ot] 
of  the  atona     In  this  way  tlie  entering  air  is  wanned- 

Trenohea  should  be  carried  round  hutj*  m  in  the  caae  of  tenta. 

Fig.   108  shows  a  plan  much  ustsd  by  the  Gennans  in  1870-71   for 
porary  sheds  ;    the  creasing  of  the  mftt^ra  permits  thorough  rouf  ventUati 
and  the  miBiiig  from  the  ground  where  practicable  is  very  important. 

Camea  of  UnheidthmmA  of  Wooden  Huts, 

L  DujnpTfp^Ji  from  Gmund^  Earth  agahtd  Wall^  ^e, — Drain  well,' 
awny  giomid  fi'otu  outride  ;  have  good  trtmches  rouail,  with  a  good  faU. 

2.  Snhdancss  collecting  under  Floors, — Look  well  to  this  as  a  cammoni 
of  unhealthinosa. 


Fig.  108.— rkii  of  GermAn  Slved. 

3<  Earth  ronnd  Huts  mtiiratcd  mth  Eefuse,  Unne,  ^r.— Eyery  xww 
then  clear  away  the  surface  earth,  and  replace  it  with  clean  diy  earth. 

4.  Vmtilatiini  bad  frtim  too  few  openings. 

5.  Gold, — Issue  extra  cUithes,  if  additional  fuel  cannot  b^  obtaiuecL 
that  the  greatest  effect  is  obtained  from  the  fuel ;  but  do  not,  if  it  can  i 
be  helped,  cloae  the  ventilators. 

8ufl-SEcnuN  V. — ^Tents  and  CAMPa 

Tents. 

A  good  tent  should  be  Hght,  so  that  it  may  h©  easily  tmnsportcd, 
and  firmly  pitched,  and  easily  taken  di>wn.    It  should  completelj  ptroteoi  i 
weather,  be  well  ventOated,  and  durable* 

It  is  perfectly  easy  to  devise  a  tent  with  some  of  these  charactemtics,  hot 
not  to  combine  them  all 

The  tents  tiserl  in  our  army  are  as  follows  :— • 

Home  Service. 


The  Bell'Tertt, — A  round  tent  with  aides  straight  to  1  or  2  feet  Iiigli,  i 
then  slanting  to  a  central  pole.  Diameter  of  base^  14  feet ;  height,  10  ]" 
area  of  base,  154  square  feet  ;  cubic  space,  513  feet;  weight,  when  dry,* 
about  65  to  70  lb.  The  canvas  of  the  new  pattern  i^  made  of  cotton  or  lineo. 
The  ropefl  extend  about  1|  foot  all  aronn^L  It  holdpi  from  twelve  to  sixteen 
men  ;  and  in  war  time,  even  eighteen  Imve  been  in  one  tent  The  jxten  li» 
with  their  feet  towards  the  pole,  their  hejids  to  the  canvas.      With 


*  Compleio  veitmg  of  %  Unt  tudda  (torn  30  to  40  per  oroi.  to  the  weight 


I    rneOf  tbe  i 
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rneOf  tbe  men's  shoulders  touch.  Fonnc^rlj,  thei^  was  no  attempt  at  yetitila* 
tion  ;  but  afterwarda  a  few  holm  were  luJide  in  the  canvas  near  the  pole, 
VentilatioE,  however,  was  most  imperfect.*  Dr  Fyffe  (foraierly  of  thi*  Army 
Medical  School),  who  carefully  examined  this  |>oint,  found  the  hole^^  so 
email,  that  the  movement  of  air  was  almost  impeix-eptible.  There  is  little 
ventilation  tlirough  the  canvas ,  and  none  at  aU  when  it  is  wet  with  dew. 
The  new  circidar  tent  is  somewhat  improved  as  regank  ventilation, 

The  HmpittU  Mttrqiwe,— An  improved  hospital  man^uee  was  issued  in  1866. 
It  is  in  principle  the  same  as  the  old  marquee,  but  with  improved  ventilation. 
Tliis  tent  is  two-poled,  with  double  canvas.  It  is  made  of  a  lower,  alniitst 
quadrangular  part,  and  an  upper  part,  sloping  from  the  top  of  the  straight 
portion  to  the  ridge, 

A  new  pattern  mt>asured  in  1872  was  28  feet  long,  14  feet  in  width  in  the 
quadrangular  part,  5  feet  high  to  tlie  top  of  the  straight  part,  and  12  feet  high 
from  gr<:)und  to  top  of  ridge  ;  the  grr>und  sptiee  was  353*4  feet,  and  the  cubic 
fijiace  2766*6  feet^  Tliis  is  rather  smaller  than  the  old  pattern- 
It  is  intended  for  sick,  and  can  accommodate  ten  men  well ;  eighteen  is  the 
regulation,  and  twenty -four  men  have  been  put  in  it ;  but  tlda  crowds  it  ex- 
tremelj.  There  are  ventilatoi's,  and  a  large  flap  at  the  top  can  als<j  be  opened 
for  ventilation,  and  Uie  fly  can  be  raised.  Its  weight  (inchiiiing  the  valise)  is 
atwDUt  500  Bb.  A  waterproof  sheet  ie  now  8upplie*l,  to  put  on  the  ground,  and 
tills  weighs  145  Ih. 

It  is  a  good  tent  when  care  is  taken  with  ventilation ;  but  there  should  be 
a  way  of  raising  one  whole  aide,  80  as  to  expose  every  part  of  the  tent ;  and  if 
the  height  of  the  upright  part  were  6  feet^  it  would  be  more  convenient 

Circular  Tent — A  double  circukr  tent,  weighing  al>out  100  lbs.,  has  been 
approved  of  for  hofipital  purjioses,  into  which  four  Bkk  or  wounded  men 
woulrl  be  placed.     This  forms  fKirt  of  the  new  field  equipment 

SlieUer  Tmt — There  is  no  official  shelter  tent  for  the  Knglishanny  on  home 
service,  but  one  was  formerly  issued  for  service  at  the  Cape,  Yjeuih  man 
carried  a  canva**  sheet,  made  up  of  a  quadrangular  (5  feet  9  inches  x  5  feet  3 
inches)  and  of  a  triangular  piece  (2  feet  8  inches  height  of  triangle  x  5  feet  S] 
inches  base).  ButU.>ns  and  button-holee  were  sewn  along  three  sides,  and  a 
stick  (4  feet  long,  and  divided  in  the  mid*lle)  and  thrw?  tent  pegs  and  rope 
also  were  provided  Two  or  four  of  these  sheets  coidd  be  p^ut  togi^ther,  the 
triangles  furming  the  end  flaps.  A  very  roomy  and  comfortable  sljclter  tent, 
4  feet  in  height,  was  formetl,  which  would,  with  a  little  crowdings  aecom«« 
modate  six  men,  so  that  two  sheets  could  go  on  the  ground.  The  objection"' 
to  this  tent  was  its  weight,  vii,  6  fb  14  oimces  per  man.  If  a  thinjaer 
material  could  be  obtained,  and  if  the  size  could  be  a  little  lessened  in  all 
directionfi,  it  would  be  a  very  good  tent  I  have  attempted  to  arrange  a  cape 
and  waterproof  sheet  in  such  a  way  as  to  form  a  tent  when  suspended  on 
riBeaf  A  plan  for  making  a  shelter  tent  with  blaaketB  is  gi%^en  in  the 
**  Inf?tructions  for  Encampments,"  1877,  p.  19,  paragraph  14. 

Officer^  J'eiits. — Marquees  are  allowed,  one  for  each  Jiel  d -officer ;  each 
captain,  and  every  two  subalterns,  have  one  circular  tent  The  ofticera'  mar- 
qoee  weighs  176  Iba, 

On  Indian^  Ssrvke. 

The  tents  for  Europeans  are  manpiees,  with  two  poles  and  ridge,  double 
fly.     Length,  21  feet;  breadth,  15  ;  height  to  inner  fly,  10  feet  3  inches; 

•  Borrock  Iitiprovctnent  Report,  p.  107* 

t  Anny  Med.  Depart.  Report  fi>r  1870  *,  \Kl%,  ^,  W^* 
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and  outer  fly,  1 1  feet  9  inches.     Twenty-five  infantry  ape  acoommfMbled  i 
85  cwbic  feet  per  man  ;  or  twenty  cavalry  vdth  Baddies;  vrith  1 00  cuWc  fe^J 

The  tcmte  for  natives  have  a  single  fly.     Length,  22  feet;  breadth, 
height   of  pole,   10   feet;  to  accommodate  twentj    cavalry,  or  twiiity^ 
infantry, 

French  Tents, — In  the  French  army,  two  chief  kinds  of  eoldlem*  tenfei 
nsed 

L  The  tmte  (fabri,  or  ehelter-tent  of  hempen  canvas,  is  intended  fori 
or   four  men.     Each  man  carries  one- third  or  one- fourth  of  the  lent,  md  j 
stick  ;  the  weight  of  the  two  being  3  Bb.     The  canvas  he  carries  aerr«  1 
for  a  covering  while  marching  j  or  he  can  fcjnn  it  into  a  bag,  into  wliidi  It"' 
can  creep.     Each  »htfei  is  5  feet  8   inehci^  long,  and   5  feet  3  inches  brrfti; 
the  rititk  is  4  feet  4  inches  long,  and  1|  inch  in  diameter.      TVTien  tlje  u-i 
pitched,  the  three  men  can  creep  inside,  and  have  as  much  space  and  j 
ventilation  as  the  English  soldier  in  the  beU-tent.     This  sort  of  tent  ] 
great  advantage  of  giving  protection  during  the  march,  and 
when  the  march  is  over.     The  number  of  baggage  animals  for  the 
also  greatly  lessened. 

8ome  of  the  Frt?nch  tentes  d'abri  are  intended  for  four  or  six  men ; 
length  is  6i  feet,  the  height,  3J  j   it  is  carried  by  three  or  four  meiL 
total  weight  of  the  tent  is  from  6|  to  BJ  ftj.* 

2,  Tmie  th  Troupe^  or  Tente  TaconneL^ — This  is  a  two-poled  tent,  wiflll 
connecting  ridge-pole.  It  is  19i  feet  long,  by  13  or  14  wide,  and  101 
the  ground  area  ls  243*5  square  feet.  It  is  intended  for  sixteen  men, 
are  two  openings  in  the  centre,  which  can  be  \u4d  out  by  poles,  eadil 
in  lengtli,  or  closed  at  pleasun?.  Between  the  poles,  at  the  height  of  6  W. 
there  is  a  perforated  wooden  plank,  on  wjiich  articles  are  placed,  or  fivo 
whitih  they  hang.  The  toUl  weight  is  143 '5  t>  avoir.  Tliis  tent  is  cofr 
sidered  cumbersome  and  unstable,  and  is  now  being  abandoned. 

3.  Two  conical  tents  are  also  used,  like  tlie  English  beD-tent ;  one  (ietdt 
^ojiifpie)  a  cone,  and  the  other  having  an  upright  wall  16  inches  high^tid 
then  being  conical  above  (fente  coniqjie  d  muraille),  Tliis  last  tcttl  i 
ventilated  at  the  toj* ;  a  galvanised  iron  ring,  12  inches  in  diameter,  femm 
the  canvas,  which  is  sewed  round  iL  An  opening  is  thus  left  of  113  aqm* 
inches,  which  can  be  closed  by  a  wooden  tc*p  which  rests  on  the  top  of  tb* 
pole,  and  is  buckled  to  the  ring.  Each  t<^nt  holds  twenty  men.  The  tmtr 
conitpte  is  the  one  now  chiefly  used.  Small  tentj*  called  fr/ttes  de  rmirrAe  at 
now  issued  to  officers,  who  formerly  provided  their  own  oi  various  forrna 

Prttman  Tent — This  is  a  conical  tent,  with  a  single  pole,  like  the  hell4 
of  the  Eugliah  army;  it  is  nearly  16  feet  in  diameter,  the  pole  12  feet  hig 
it  holds  fifteen  men,  and  weighs  91  Ih  avoir.     The  floor  space  is    12  flf|ii 
feet  and  the  cubic  space  70  cubic  feet  per  head. 

PrTiSifmn  Hospitfd  Tmt, — The  grouiiiMloor  of  the  tent  is  a  rectangle  < 
feet  long  and  24  broad  ;  the  tent  is  16  feet  high  ;  there  are  6  or  8  polos ; 
area  is  1 488  square  feet.     It  is  divided  into  three  parts  :  a  central,  52 
long  and  24  broad  (=  1248  square  feet),  for  the  sick,  and  two  rooiOB^  each  S"" 
leet  long  and  24  broad,  for  atteridants^  utensils,  <&c.     Some  d  tha  Usa\»  ^re 
made  ■with  hollow  inm  poles,  and  there  is  a  good  hood  for  ventilation*     Kicli 
tent  could  contain  20  to  22  beds,  but  only  12  patients  are  placed  in  it    Is 
stands  on  an  area  of  80  feet  by  40,     Since  1862  the  Prussians  have  iivAled 


•  Larger  shelters  may  l^  nmde  by  cojivbiniiig  the  iK>rtiOQ8  carried  by  a«rerm] 
Dom plains  of  the  gcticjal  introdticlion  of  the  teide  aahri  in  the  French  onuy,  _ 
aoldier  pemianently  witli  <?)rtni  weight  to  provide  for  him  ooly  an  Ulnsoiy  shelter. 

t  From  Heyfelder'fi  Camp  of  Knisuoe-Selo^  1868. 
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Bbny  of  the  worst  o^os  under  such  tente  during  the  summer.  The  same 
prai'tico  has  been  adopted  in  the  Austrian  anny  for  tlie  hist  IG  years, 

Uttiimfm  Tent. — Th«  infantry  tent  is  quadrangular,  14  fe<_'t  afjuare  and  7 
feet  high  to  the  slope  ;  there  is  a  centre  pok*  and  four  «iinier  poles  ;  it  ia 
intended  for  fonrtr^pu  men,  hut  only  twelve  are  u«u?dly  idarcd  in  it  Round 
thp  tmt  is  a  bench  li  foot  broad,  and  covered  with  wtraw  mattix'sses  and 
(in  thi*  summer  camps)  for  sleeping.  A  wooden  mck  round  the  centre 
I  oceives  the  ritles,  The  canvas  can  be  partly  or  *-'ntii\'ly  Kfted  up.  The 
oihc^ro'  tents  have  double  canvas. 

NoTtJtem  American  7\mts,—At  the  conunencement  of  tlic  ci^il  war  the 
Sibley  tent  was  much  used.  It  is  conical,  18  fettt  in  diameter,  and  13  feet 
high,  with  an  opening  for  ventilation,  and  gives  1102  cubic  feet;  often 
twenty  or  twenty -two  men  were  held  by  one  tent  Bell  and  wedge-shaped 
tents  were  alao  naed  ;  the  latter  was  6  feet  10  inches  Itmg,  8  feet  4  inches 
broad,  and  6  feet  10  inches  high,  ^vith  a  cubic  space  of  1S>4  feeL     It  held  six 

^Prhese  tents,  however,  did  not  answer  ;  the  ventilation  was  most  imperfect, 
and  in  the  summer  of  1862  ponchos  and  shelter-tents  wen^  issued,  whirli  in 
the  army  of  the  Potomac  superseded  the  old  tents.*  The  punt  ho  is  a  piece 
of  oU-cloth  with  a  slit  in  the  centre,  through  whidi  the  head  is  put ;  two 
ponchije  can  form  a  shelter-teat*  The  army  of  the  Pi^t^amac  spint  the  winter 
in  improvised  huts  of  logs  or  mud,  with  the  shelter- Lent  for  the  roof. 

Tlie  larger  tents  are,  however,  still  used  for  stationary  commands,  and  for 
hospitaJ  purposes. 

Other  Pianj^. — A  very  great  numl>er  of  different  kinds  of  tents  are  employed 
hy  different  nations^  and  many  plans  have  been  pi'opnstMl  uf  late  yeai*s.t  Of 
I  these  Edgington's  square  military  t^mt,  and  Turners  and  I{h<Mles*  tents,  are 
Hie  best  The  first  is  a  single  poled  pyramidal  tent,  with  a  sec<jnil  pole  to 
sttetain  the  entrance  flap  ;  it  ia  13  feet  square,  and  will  hold  sixljeen  men. 
There  are  ventilatuig  holes  through  the  canvas  at  the  tup,  protcct^id  by  L-anvas. 
It  weighs  90  lb. 

Turner  3  tents  are  conical  and  ohlong  ;  the  pole  is  hollow  iron,  and  h  mip- 
ported  in  a  tripod,  Ixdow  which  a  stove  can  be  placed,  to  which  the  pole  serves 
as  a  chimney.  Instead  of  ropes,  galvanised  wire  and  ii-oo  pegs  arc  used,  and 
"Wire  Tojms  running  fnjm  the  pole  to  the  circumference  are  used  to  sustain 
hammocks,  and  so  raise  the  men  from  the  ground.  A  tent  for  eighteen  men 
weighs  300  lb.  Titmcr's  hospital  tent  ia  60  feet  long,  29  wide,  and  18  high, 
and  weighs  896  Ih.  |  A  great  advantage  of  these  and  similar  tents  is  that  a 
atove  can  be  easily  used,  and  there  is  pretty  good  ventilation  through  the 
hollow  pole.     The  raisijig  of  men  oif  the  ground  is  also  a  great  advantage. 

Major  Rhodes'  tent  is  a  curvilinear  octagon,  which  is  made  up  hy  a  frame 
of  ^tout  ash  or  bamboo  ribs^  which  are  stuck  into  t!ie  ground,  passing  through 
a  double- twisted  rope  ne^ir  the  ground,  and  bent  into  the  centre,  where  they 
meet  in  a  wooden  head  fitted  with  iron  sockets,  to  receive  the  f  nds  of  the  ribs. 
The  framework  is  not  unHke  an  open  umbrella.  The  rope  through  which  the 
iibe  pass  is  well  pegged  to  the  ground »  and  there  are  also  outside  storm  roijee, 
ao  that,  both  from  the  shape  of  the  tinnfc  and  its  tie%  no  storm  can  blow  it 
over.  There  is  a  good  top  ventilation  through  an  opening  protected  by  a 
hsathem  cap,  and  the  canvjis  covering  which  contains  the  tent  (%vhen  packed) 
be  divided  into  two  jmrts,  and  buttoned  inside  tlte  bottom  of  the  tent,  bo 

to  prevent  air  from  blowing  in  under  the  canvaa. 


*  Woodward,  OaUineft  of  the  Ctiief  Cum^  DiMaaea  of  th«  United  States  Amiy^  IB^,  ^.  ^. 
+  A  very  good  description  will  be  found  m  MojoT  Rhodes*  Teul  HI©  aai  Tfiiy:aTOVva^» 'V^^* 
^  modas,j^.  J/8. 
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A  small  tent  (guard  tent),  capable  of  holding  four  oi  &i%  mm^htlmm^M 
Tlie  hu^pikil  tent  \b  ma«ie  of  two  of  these  tents  eoimecled  by  tfOni^l 
tent  made  of  ribd  which  nm  to  a  ridge  pola  It  ia  30  feM  bn(^  II  bliiiH 
atid  10  feet  high,  but  can  be  made  of  any  len^^th*  The  field  tiSLisjifH 
lOOIi) ;  the  buspital  tent,  395  lb,  Botli  these  Becm  excellent  t^nte;  tkf  pi^^ 
much  more  ground  area,  cubic  space,  and  standing  room,  than  laj  In  i 
cone  teut,  and  are  more  convenient,  as  there  are  uo  poleg. 

GcThnrfd  ConrJtunonS. 

The  history  of  all  wars  in  the  tern  prate  zone  proves  that  mea  cumoijj^ 
without  protection  from  weather,*  Both  theory  and  experience  ihpi'^^| 
the  best  amingement  for  a  solclier  ia  that  ho  should  cany  a  pOfftiD^H 
a  shelter- ten t^  which  may  at  once  serve  hini  for  a  cloak  on  the  march,  i^H 
cover  at  night,  if  he  ia  obliged  to  lie  out  without  pitching  his  t«^t,  aad  vl^H 
joined  to  two  or  three  other  similar  piec^a,  may  nmke  a  tent  to  hold  ^MH 
four.  For  camps  of  pueitionj  where  troops  are  kept  for  months^  and  ^^M 
there  m  leas  trouble  about  transport,  lai^er  tenta  can  be  n^aed,  and  than  4^| 
a  tent  like  that  of  Mcijor  RhodeV,  or  a  two  or  four  poled  tad  & 
the  Prusisian,  appears  to  be  the  lx»st 

The  Freiicli  system,  now  adopted  hy  the  Americana*  is  in  rnhty  a  ^^^jH 
one.  The  Mucedouians  used  email  tents  which  hold  two  men,!  and  fii^| 
figures  a  little  slielter-tent  of  the  same  form  as  the  French,  and  U^| 
apparently  five  men,  which  was  in  use  in  the  British  amiy  in  1 750.        ^* 

At  various  times  in  late  wars  the  English  army  have  exterajiori^d  tajUDf 
this  dttacriptinn,  by  suspending  blankets  over  their  tindoeks,  Bnt  it  wnoH 
be  much  better  to  have  a  good  shelter-tent,  which  would  make  tki?  num  mit 
jinndent  of  their  bell-tents,  on  emerj^^ency,  and  thus  greatly  les&en  the  big^ 
of  the  army,  as  weU  as  protect  the  men. 

An  army  could  then  encamp  and  house  itself  as  fa^t  as  it  cr^nld  Ukt  np  h 
ground,  and  so  short  is  the  time  necrssary  for  pitching  the  tent  that  evmh 
heavy  rain  the  men  would  not  get  weU  The  men  He  much  more  eo!nfcift»l)»K 
than  in  the  boll- tent,}  and  there  is  scarcely  a  possibility  o£  it*  being  Wrjira 
down. 


ralaD«|gi 
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CAJffPS, 

Several  regulations  have  been  issued  by  the  Quartermaster-Generals 
ment,§  and  the  "  Queen's  Regulations  "  (pocket  etlition,  section  16), 
aevewd  orders  which  will  be  noticed  hereafter.     The  Barrack  Imi 
Commiisioners  also,  in  their  Beport  (1861,  p.  168),  lay  down  certain  wltf 
which  must  be  attended  to» 

Encampments  are  divided  into  two  kinds — those  of  poattion,  which  art  »- 
tended  to  stand  for  some  time,  and  incidental  camps.  The  camps  areazmgd 
in  the  same  way  in  peace  and  war,  as  a  means  of  training  the  men ;  luiti  ft 
coursej  in  peace  the  war  arrangements  need  not  be  adhered  ta 


*  Thfl  F^nco-Qerrnnn  war  of  I87fJ-71,  do«fl  not  oegntive  Xke  rule  that  shelter  lao^  ^|N" 
in  some  way  ;  the  Gprnmnit  In  thiiir  camps  hutted  tlieinaelrea,  and  in  thmr  mrr'h**  wui 
sbelter  in  hoiiHe^  in  the  jpreater  autnber  of  cases. 

t  Rhodes'  Tent  Life,  p.  13. 

t  In  »nra«  of  th«  laHt  China  expeditions  waterproof  sheets  irere  iamefl,  of  whldi  ' 
m&th  tents  an  well  aa  doaka,     I  wm  told  by  a  private  «oldier  who  cairied  one  of  |2»    ,_ 
nothing  more  comfortable  was  ever  issued  to  the  men.    His  aheet  waa  the  U^t  Uuqk  tbiS  i  i 
wottld  part  with. 

S  Re^nlntions  and  InalTwctXo'R*  tot  ^iaesLXK^wctAA,  "  HiatM  GuakIs,**  1877.    A  gmt  < 
very  i mportant  in! ormaUotk  \&  f^iieiii  Vu  Xikia  \\\AXr  \iwi\u 
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In  the  Riegnlations  and  InstructiDns  mmied  in  1877  liy  tlio  Quartemiaster- 
Oenerars  l}e|iarinieiit,  tla?  folkiwiiig  riikys  are  lititi  down  : — 

1.  Tlmt  tlif  moans  of  pa^ssing  freely  tliitju^di  the  camp  sliotdd  be  maintained* 
]L  That  the  tf'nte,  bivouaca,  or  huts  sliould  be  disposed  with  a  \iew  Icj  the 
.tast  amount  of  order,  cleanness,  ventilation,  and  salubrity. 

That  the  camp  l»e  aa  compat^tly  arranged  as  possible,  conftistently  with 
above  considerations. 
Tfoops  are  ordered  to  be  encamped  in  such  a  manner  thrit  tlioy  can  he 
"]y  formed  in  a  good  position  for  action,  Thiss  does  not  involve  the 
ity  of  encaiajjiug  cm  tiie  vexy  position  itself.*  Althouj^h  puixdy  Rtra- 
te^ci^ttl  ^^  tactical  cousidprationj*  are  uf  the  first  importance  bi^ore  an  enemy, 
yet  sanitary  advantages  must  always  bo  allowed  gre^it  weight,  and  wiJl,  in 
most  cases,  govern  the  clioice  of  ground  if  military  reafiona  permit.  Cavalry 
and  infaatry  canij>s  are  directed  to  be  formed  with  such  intervals  between 
their  tr^xips  or  companies  as  circumstances  may  mi[uii'i3,  or  the  general  com- 
iiian<iing  may  ilirect  Open  column  is  usually  tlie  moat  extended  order  used, — 
but  the  camp  may  he  so  compressed  as  to  give  only  8  equaie  yards  per  head*f 
In  fnmt  of  the  camp  is  the  battahon  parade,  the  Ljuart^»r-g«ani  lieing  in 
front  of  all.  Behind  the  men's  tents  are  the  kitchens,  and  behind  these  the 
tentd  of  the  otficere;  then  come  the  wagons^  horses,  drivers,  and  bUtmen  ;  next 
the  ash[>it  and  latrines,  and  on  thu  boundary  line  the  rearguard.  In  tixt^d 
inpe  the  latrines  and  kitchens  may  be  pitched  ekewhere,  if  found  advisable* 
TTie  distances  between  diflerent  corps  are,  as  a  rule,  to  be  30  pacea. 
Cavalry  ai^  encamped  in  the  same  way,  in  cohmms  of  tmopa  or  squadrons  j 
f»et  of  s|)ace  is  allowe<l  to  each  hnrse,  which  is  picketed. 
Artillery  encamp  with  the  guns  in  fmnt,  the  wagons  in  two  h'nes  behind, 
ike  horaee  and  men  on  the  Hanks,  the  men  being  outside,  the  officers' 
being  in  rear.  A  l^attery  of  artillerj,  with  192  of  all  ranks,  anti  154 
occupies  a  space  of  175|  yards  by  133  in  open  order,  and  85  by  71 A  in 
order.  Giber  arrangements  are  given  in  the  Regidations.J 
n  considering  these  arniugements,  it  is  evident  that  the  comprf?58ion  of 
I  the  men  is  considemble.  As  in  war  it  is  not  always  easy  to  give  space,  the 
^■fanportance,  even  in  a  military  point  of  view,  of  thoroughly  ventilating  the 
^Heiits  16  obvious. 

^■~  Compressed  Cfini^j*^.™  Occasion  ally  the  tents  have  been  placed  much  closer 
^Hbogetber.  It  is  to  be  iJi'esumed  that  no  military  oiiicr-r  who  reganls  the 
^Beomfort  or  health  of  his  men  will  ever  do  so  without  an  injjwrative  military 
^B^ecessity.  Yet  it  hm  been  occasionally  done,  and  t^nts  have  l)cen  placed 
almost  as  closely  as  they  coidd  he,  even  when  ground  was  available,  and  no 
enemy  was  in  front.  Under  those  circumstances,  an  explanation  of  the 
leasQUS  for  not  crowding  the  men  together  will  undoubtedly  satisfy  the  otficer 
command  that  he  is  sacriticing  comfort,  convenience,  and  efficiency,  to  a 

notion  of  order  and  neatness. 

In  the  Crimea,  many  officers  dug  out  the  interior  of  their  t^^nts,  leaving  a 

1  pillar  of  earth  to  support  the  pole  ;  a  ledge  of  about  9  inches  in  width 

oIao  left  all  round  the  outaide  to  serve  as  a  shelf  j  a  gi-eat  di'al  of  comfort 

id  shelter  was  thus  given  in  cold  winds,  hut  it  would  he  well  to  go  to 

as  little  depth  as  poesible  unless  the  soil  is  dry. 


N 


•  Kej^Utionjt  and  Imtnirtiona  for  Eacampnieiiti,  p.  1.  section  M. 

Hh  MeaAaratneiits  in  iufantry  c&oips  ore  usuaUy  made  In  poeet:— S  pacen— 5  yitrdft;  other 
csmpt  are  niMsared  in  yanl^. 

X  For  nameroiw  plates  of  c&nipfl,  tente^  kitchena,  kc,  tlie  rtsafler  is  reforrml  to  the  In-Htmc- 

!ffw  iBd  RtgoJationa  for  Encampm^nto,  price  dd. — whkh  ought  to  W  Vn  ^\«&\vmi&&  q1  vivrj 
officer* 
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Points  to  he  attended  ta  in  the  Eredion  and  Conserwmejf  (^  i 

Dig  a  trench  round  each  tent,  4  mches  deep,  and  the  widtli  of  i 
and  caiTy  it  into  a  good  surface  drain  running  in  front  of  the  tea 
pBjper  falL  Place  the  tent  on  the  ground  and  do  not  excarate,  or  { 
ext^enl  ;  in  a  camp  of  position,  the  tents  ciin  sometimes  be  faased  j 
constructed  of  at*ines,  or  evt>n  earth,  if  this  can  be  plastered  OTW* 
jMwsihle,  let  the  tloor  of  the  tent  be  bjarded,  the  boards  being  loos^  \ 
to  be  n^move^L  If  th^re  are  materiak,  make  a  framework  ebvitid  i] 
inches  froni  the  jj^round  to  cany  the  hoaida.  If  boards  cannot  be 
canvas  or  wat^^rproof  sheets  should  be  used  ;  whatever  is  used,  takaj 
ncithing  collect*  below,  and  move  both  boards  and  canvais  frcquel 
to  tbiii,  and  jscrape  the  earth  if  it  is  at  all  impregnated*  If  stmw  ' 
bedding,  get  the  men  to  uae  it  carefully ;  to  place  pe^  of  wood  or  i 
make  ropes  of  straw  running  from  peg  to  peg,  so  that  each  man 
own  place  noat ;  or  to  make  mats  of  straw  of  a  triangular  shape,  and  31 
iiiche8  thick.  Take  care  that  the  straw  is  kept  dry,  and  never  allowyiel 
to  use  gi-een  fuHage,  or  any  damp  substance.  Have  the  aides  of  ths  I 
thoroughly  raised  durinff  the  day,  and  even  at  nighty  to  leeward.  Whm 
practicable  (twif^e  a-wex^k  if  it  can  be  doiie),  the  tents  ehouJd  be  stnickt 
boards  takeu  up,  the  s^l^face  well  cleaned,  the  worst  part  of  the  4 
removed  and  burnt,  I 

In  a  camp  of  position  dry  paths  should  be  constructed  between  the  diiil 
roads ;  latrines  should  be  dug  in  rear  ol  the  stables,  and  not  too  nair 
kitchen,  and  en  eciwhm  with  the  camp ;  for  a  Btandan*^  c«mp  eich  111 
eliuidd  be  a  trench  20  to  50  feet  long,  according  to  the  feizw  of  the  cam]| 
deep  and  2  wide  at  the  top,  and  3  at  the  bottom.  The  earth  thrown  i 
should  be  arranged  on  three  sides.  It  should  be  screened  by  branehe*  ot^ 
and  9  mches  of  earth  .should  be  thrown  in  every  day.*  When  4  feet  1 
the  surface,  it  sboubl  bo  filled  in  and  another  dug,  the  earth  of  the  oUi 
being  raised  like  a  mound  to  mark  the  spot.  Close  to  it  an  urinal  sbouli 
construct+Hl,  of  a  sloping  channel  paved  m  well  as  can  be,  and  leading  j 
the  latrines,  or  of  a  tub  which  can  be  emptied  int^i  tt,  and,  as  far  aa  pol^ 
men  should  be  prevented  from  passing  the  urine  round  their  tents.  In  dj 
for  a  few  days  a  tn^iich  1 2  paces  long,  2  feet  deep,  2  feet  wide  at  top  ifl 
foot  at  bottom,  is  siithcieni  j 

A  corps  of  scavengers  should  be  immediately  oiganised  to  clean  aim 
surface  hlth,  and  to  attend  to  the  latrines  and  urinals.  All  refuse  mvm 
completely  removed  ;  it  i**  often  a  good  plan  to  burn  it.  Both  in  peaotj 
war,  encam]>ing  ground  should  be  often  changed,  and  an  old  camp  m 
never  he  reHMJcnjaed. 

In  addition  to  tont«,  the  men  may  bo  taught,  if  possible,  to  hoi 
selves.    Kut«  of  wattle  should  he  run  up,  or  wooden  sheds  of  some 
war,  men  soon  learn  to  house  themselves.     Luscombe  gives  the  folloi 
account  of  the  huts  in  the  Peninsula  ;— 

*'  A  cf>rk  tree  or  evergreen  oak  with  wide-spreading  branches  was  choM 
lowL5r  branch  was  nearly  cut  tlmjiigh,  so  as  toallitw  the  extreme  points  to  < 
to  the  ground.  Other  branches  were  then  cut  from  adjoining  trees  and  1 
in  a  circle  in  the  gi'ound,  through  the  branch,  on  which  their  upper  brsn 
rested.  Smaller  branches  were  then  interwoven  to  thicken  the  walls,  and^ 
inside  was  lined  with  the  hroom-plant,  which  was  thatched  in.  The  do^ 
the  hitt  was  put  due  cast,  so  that  the  sun  might  pass  over  it  before  it 
the  horizon." 
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Thia  hut  was  very  cool  during  the  day,  but  very  mid  at  night,  and  thus 
very  prejuilicLil  to  health." 

Sir  Garnet  Wtilscley  states  that  many  English  officers  and  the  Sardinians 
jeneially,  in  the  Crimea^  made  comfortable  huts  in  the  following  way  t — A 
ipdoe  TTas  dug  out  21  feet  deep,  and  the  size  of  the  hut  ;  those  made  to 
laoti tain 6 Sardinian  »oldierswere  14  feet  3  inches  longhand  7  feet  1  inchmde 
in  the  clear.  Gables  were  then  built  of  mud  or  stutie,  or  made  of  boards  or 
wattle  and  daub  ;  the  gables  were  2  fe^t  wider  than  the  excavation,  so  as  to 
form  a  ahelf  all  niimd  ;  a  door  was  in  one  and  a  window  in  the  other.  The 
fin^pLice  was  made  of  brick  or  mud,  or  simply  cut  out  of  the  face  of  the  earth 
in  ono  of  tlie  side  walk,  a  tlue  being  bored  in  a  slant ing  direction,  so  as  to 
oomo  out  clear  of  the  roof,  and  heiug  provided  with  a  chimney  2  feet  in  height* 
Hie  pitch  of  these  roofs  should  be  at  an  angle  of  45°,* 
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Undei^gronnd  huta  are  sometimes  ust!d  in  camps  ;  they  are,  howeverp 
dangerous  ;  they  arc  often  dump,  and  are  diffictdt  of  ventilation.  In  cold, 
dry  countries,  however,  they  are  wann,  and  the  Turks  have  constantly  used 
tlietn  in  eami^aigna  in  vrinter  on  the.  Danube.  They  have,  however,  frequently 
suffered  fnmi  typhus.  If  us<3iJ,  there  should  be  two  openingi  beaides  the 
chimney,  »*:>  as  to  allow  a  current  of  air  ;  and  a  spot  should  bo  chosen  where 
it  is  least  likely  water  will  gravitate.  But  underground  huts  are  always  to 
^B  discouraged  if  any  substitutes  can  be  foun<L  Sometimeii  the  side  of  a  hill 
^^^P  cut  into,  and  the  open  t<jp  covered  with  boards  and  earth.  This  ia  as  bad 
as  an  underground  hut^ 
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Calculating  this  by  tke  tables  given  at  page  196  it  would  give — 


Nitrogen^ 

Carbrm  in  albiiminat'es, 
Carbon  ia  fats, 
Carbon  in  starebee, 


899 '38] 

449-28  y 

3369  37  ) 


Gmlnt. 

266 
4718 


Tlie  quantity  of  nitrogen  is  considerably  below  tLat  of  the  atandard  diet, 
wbile  tbo  ttuioimt  of  carbon  is  nearly  correct,  only  t\m  is  given  chietly  in  the 
form  of  carbi»4iydrates,  and  not  as  fat.  The  diet  would  be  improv*?*!  by  the 
addition  ii{  more  meat  or  of  cheese,  and  by  the  addition  of  huttf r  or  of  oil. 
So  also^  whili>  fresh  succulent  vegetables  are  sufficient,  the  use  of  peas  and 
beana,  jls  iti  the  French  army,  would  be  very  de&irabla* 

Uftini^  Dr  Frardcland's  table,  and  takiiig  the  bread  j^th  crust  and  fths 
crunib.s,  and  the  **  other  vegetables  "  as  cabbagt\  the  total  force  obtainable  in 
the  body  (mm  the  soldier's  daily  diet  appears  to  bo  equal  to  lifting  3848*5 
tons  one  foot  The  amount  for  the  internal  and  external  mechanical  work  of 
the  iKKly  being  taken  at  700  tons  lifted  a  foot,  there  remains  3148  tons  for 
the  equivalent  amount  of  he^t  and  all  the  other  processes. 

Tlie  accessory  foods  are  rather  deficient  in  the  soldier's  foo<i,  and  vinegar 
especially  should  be  used.  Kj>bert  Jackson  very  justly  insisted  on  the 
importance  of  vinegar  as  a  digestive  agent  and  flavouier,  as  well,  no  doubt,  as 
an  anti-«corbutic.  He  remarks  on  the  great  use  of  vinegar  made  by  the 
Romans,  and  possibly  the  comparative  exemption  which  they  had  from 
scurvy  wiis  due  to  tljis. 

The  diet  of  the  soldier  on  foreign  stations  is  stated  under  the  several 
lieadings  when  it  differs  materially  from  that  of  home  service,  and  the 
alterations  in  the  diet  which  should  be  made  under  circmnstances  of  great 
exertions  are  given  in  the  |miper  chapter. 

In  the  time  of  Kdwanl  YL  the  Enghsh  soldier's  rations  during  war  were — 
meat  2  1j»  bread  1  %  wine  1  pint  (Froudi^). 

No  scale  of  diet  is  laid  down  for  war,  and  probably  it  would  be  fixed  at  the 
timf%  and  in  view  of  the  possible  charactt^r  of  the  campaign.  The  war  scale 
should  be  very  liberal,  and  every  article  ought  to  be  issued  by  the  Supply 
Department  It  would  be  probably  a  good  plan  to  have  the  supply  under 
two  headings,  the  "  usual  '*  and  the  *'  extra  "  articles,  the  latter  being  intende<l 
for  sj)ecial  occasions,  such  as  forced  marches,  mpid  movements  far  from  the 
base  of  supplies,  &c.  The  usual  ration  ought  not  to  contain  less  than  375  to 
400  grains  of  nitrogen.  The  following  ia  suggested  as  a  liberal  and  varied 
war  ration,  which  could  be  easily  supplied  under  ordinary  cases : — Bread, 
1 J  H)  ;  fresh  Dieat  (without  bone),  1  It ;  peas  or  beans,  3  ounces  ;  potatoes  or 
green  vegetables,  \  Ih ;  cheese,  2  ounces ;  sugar,  2  ounces ;  salt,  \  ounce  ;t 
pepper,  ^  ounce  ;  ground  coffee,  1  ounce ;  tea,  |  ounce  ;  red  wine,  10  ounces;, 
or  l^r  20  ounces.     No  spirit  ration  to  be  given,  except  under  order  from  the 


•  That  the  food  of  the  English  w:t|dter  is  deficient,  espcdaUy  for  the  younger  men,  la  koowQ 
■Iho  from  eviduuoB.  The  late  Direcior-Genetal  (Sir  Jainett  B.  OihAon)  strongly  mged  on  tba 
authorities  the  deairabllttj  of  incpeasing  the  ration  of  meat,  and  in  the  report  rin  the  recruit* 
Ing  of  the  antiy  the  same  |K>iDt  vrnt  brought  forward*  I  have  made  innniiies  (torn  toHien,  and 
tml  the  recroiiB  and  young  eoldiers  could  eat  much  more ;  thou^  tne  old  soldiera,  many  of 
whom  have  been  long  accustomed  to  take  sptrita,  and  who  have  injuretl  their  dig^nive  powen 
by  MO  doing,  take  leas  food,  1  have  no  doubt,  however,  that-  taking  the  army  through,  the 
ration,  especially  of  meat,  k  not  enough.  For  further  remarka,  aee  The  Soldier's  Bation^  by 
F.  de  lliaumont.  Sanitary  Reconi,  Feb,  6,  1876. 

t  It  may  be  anggeated  that  chloride  and  phoephatc  of  potaiiina,  and  pcilispa  a  UlMfi  civVnXA 
of  iron,  might  be  iidd«d  to  the  common  nit. 
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generals  of  divisionB,     Tbe  niitritiv©  value  of  Uiis  diet  w  Ami 

nitrogen  and  5000  of  carbon.* 

Th«  "  i*xtra  "  articles  would  be  kept  in  iciftdineaB  by  the  Supply 
for  oc€afiii>rud  issue,  viz.,  salt  ineat^  Australian  meat,  Chicago 
(such  aa  Xlajj-saH's  or  M 'Callus,  or  the  best  market  ttrti*d«  of  the  ki 
extract  of  uieat,  pc^^  and  beef  sausages,  biscuits,  tiour,  meat 
juice,  prest^rved  vegetables,  brandy  or  rum,  and  vinegar. 

Tiiis  plan  supposes  that  the  "  usual "  scale  of  dipt  wotdd  be  i 
troops,  and  the  **  extra  "  articles  under  certain  conditions,  and  tu; 
the  geuL^ral  of  the  division. 

Hi'ead  (which  should  be  weU-baked)  should  be  issued  as  hmgn 
and  if  biscuit  is  Issued  for  more  than  a  week,  flour  or  rieo  bhoidd 
it.     AVlien  Halt  meat  is  issued  for  several  days  in  succesdojj,  visa 
be  given  with  it^     If  no  vegetables  can  be  obtained,  lime  jaii» 
early  had  recoiiree  to. 

The  usual  alcoludic  ration  of  the  troops  should  Ije  beer  or  mm, 
spirits  (Hee  page  '602).     As  all  the  continental  armies  issue  w^ 
thero  can  be  no  diJlicuUy  on  the  score  of  trans{>c>rt;  and  evvi 
twice  as  bulky  as  wine,  it  is  believed  that  it  could  be  in  mtit.iciK*< 

But  tb©  issue  ef  red  wine  instead  of  spirits  is  strongly  rirged. 

For  mi>id  exptilitions,  ^vhvn  tranf^port  has  to  be  reductil  to  tltfinmai 
Hie  of  concentratc^d  and  cooked  foods  is  all  impt»rtant  Th^  nwfl « 
enough  for  seven  or  eight  days,  and  are  then  indej^endent  of  ;Uihi»of 

Pea  and  Hour  sausages,  meat  biscuits,  and  dried  meatv,  an*  tli^  M 
and  the  issue  of  cheese  and  bacon  fat,  if  it  can  be  obtained  wilb  ihm 
a  diet  which  is  fairly  nutritious  and  not  disagreeable.  The  foUoiriaj! 
be  the  wi^ght  of  fofjti  wliich  would  la^t  a  man  for  a  w<?ek,  and  nti^ 
independent  of  the  Conmiiiismiat  during  that  time  : — BL«^uit,  i  h't 
lloiir  meat  HUUi*age,  4  11> ;  dried  meat,  2  h  ;  sugar,  f  Ih  ;  tea,  |  l>;  d 
lb  ;— totjil,  10  lb.  That  is  to  say,  a  weight  of  lu  tt),  which  vronldbli 
day  by  day,  would,  if  properly  used  by  the  men,  cany  Ana  lb 
week's  kl>oiir,  and  although,  of  couise^  a  meagre  diet^  would  yet 
to  do  their  work. 

The  extiaet  of  meat,  as  an  extra  ratinn,  is  intended  for  si 
It  has  a  great  restorative  power,  and  should  be  kept  for  spedal 
the  following : — 

1.  It  ia  expected  the  army,  after  a  rapid  march,  will  mef*  ^^^^^^ 
that  there  will  be  no  time  fr^r  preparing  food,     A  small  tp; 
extract,  niertdy  mixi^d  with  3  ur  4  ounces  of  K'd  wine,  will  IT^s^on^  * 
a  wonderful  way  ;  no  cooking  is  rei^uired,  and  ten  minutes  tkom  1 
a  whole  regiment 

2.  The  force  n^oets  heavy  weather,  and  every  man  is  drencl 
of  Liebig's  extract,  made  into  hot  soup,  and  with  wine  add 
very  gr(?at  etTect  in  preventing  bad  conse<|uenceiS. 

*  For  fiuiber  remarka  mm  "  Military  Hygiiiiiif/'  a  lectiut^  by  P.  dm  CSuuxraoi 

the  United  Senrfoo  Instttuttoiip  1S70, 

t  Blcam  linking  ovens  have  been  natd  in  iht  Antnmtt  Manama Tres,  sod  baw  U 
prxul.  Field  ovens  were  al«o  built  by  iron  hoops  tixed  Id  the  ground.  Sir  G.  1 
tL«  foUowiiirr  p\im  t^'Takti  n  barrel  (with  iron  hoops,  if  poMJble),  knock  out  the 
it«  Ridi5»  aJXf  r  st^mfing  a  ImmI  for  it ;  cnver  it  with  u  oostine  of  6  or  8  inebis  of  Ukk 
at  the  iJi«m  end  ;  pile  up  wiml  or  eaitb  to  a  thickness  of  o  inches  over  tbc  luut  . 
«t  the  t'od  distant  from  tht?.  open  part,  through  tJie  mod  and  earth.  •? 
increase  the  draught  when  the  lire  is  burning,  Fona  an  evmk  ftarfoc^  •  ; 
ttie  Ixjttom  of  the  Jmriial ;  light  a  fire  in  the  iMureJ,  and  k«?p  it  alight  uiruj  i 
bnnit ;  there  will  then  be  a  good  oven  of  clny,  aupporttii  by  the  iron  boofM^  Wl 
baking,  the  mftui\\  \*  c\o»««i  ^  v\Jsi  \>KM.TdaH,  <vx  *,  uv^oe  of  iron  or  tin,     Th«M  oftttit 
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march  haa  to  be  made  in  a  Tery  short  time,  and  no  fires  can 
lied  for  ctiokiiig.  Liebi^'s  extract  in  small  tins  should  he  distributed 
I  nxen^  who  should  spread  it  on  their  biscuits, 

"  Iter  action  it  is  invaluahle  for  wounded  men,  and  can  be  carried  about 
feld  and  given  to  the  men  who  cannot  be  brought  into  tho  hos[>itaL 
would  be  convenient  to  have  the  extract  carried  in  casea  holding  small 
Entities,  so  that  one  pot  may  bo  issued  to  ten  or  twenty  men. 
The  strength  and  use  will  require  to  be  explained, 

in  WOT  the  supply  of  food  is  oft^n  ditficult,  but  as  an  army  *'  fights  on  its 
flly,**  the  importauc*^  of  food  at  critical  movements  cannot  be  oven-Jifced. 
W  uncertainty  of  the  time  of  supply,  and  the  difficulty  of  cooking,  often 
ftee  the  men  to  be  without  fooil  fur  so  many  hours  as  to  greatly  exhaust 
mk ;  and  some  actions  have  been  lost,  others  have  pemained  i/^ithout  good 
uMf  frtun  this  causa  This  can  only  be  avoided  by  rogimentid  tmnsiKirt 
ensed  and  ready  cooked  food,  which  may  be  used  on  such  emergeneies, 
fven  in  fuldition  to  the  usual  mtions  issued  by  the  Supply  Departments. 
>lonel  of  a  regiment  would  then  always  ]>e  sure  that  he  had  the  means 
Ding  up  the  strength  and  vigour  of  his  men.  The  Germans  are  now 
a  plan  of  cooking,  which  is  intended  to  obviate  one  difficidty  on  tho 
A  Viennese  engineer  (Herr  Beuerle)  hm  vdUinA  Papiu's  digester  in 
way  as  to  make  it  a  convenient  cooking  utensil^  and  it  is  novv^  in  use  in 
stzian  ambulanees.  It  is  a  doubly  conic  iron  pot  covered  with  a  Hd^ 
able  of  atamiiug  the  pressure  of  five  atmospheres  ;  the  lid  is  faateneil 
sws,  and  a  layer  of  felt  or  india-rubber  in  between  it  and  the  rim  of  the 
<i>  as  to  exclude  air  ;  in  the  lid  is  a  ventdating  opeiiiug,  weighted  to  2*5tb 
^^■^aa=3*l  1!)  Englii^h),  so  that  it  opens  when  the  pressure  exceeds  on3 
^^3»here,  The*  meat^  salt^  vegetables,  &a,  are  put  into  thia  digester,  and 
S^Jlled  up  with  water  till  about  3  fingers*  hreadtli  from  the  top.  Tbe 
t^t  of  water  is  1  pint  (English)  to  1  Ih  of  meat  (Englisli).  This  makes 
*-^iig  a  soup  that  it  has  to  be  diluted.  The  pot  with  the  lid  sci'ewed 
is  put  on  tbe  fire  (three  iron  supports  from  which  the  pot  hangs,  like  a 
I  kettle,  are  provided  for  the  field),  ami  as  soon  as  steam  is  developtMl, 
is  known  by  opening  the  ventilator  a  little,  the  fire  is  moderated.  In 
'  and  a  half  the  soup  is  ready.  Pots  to  cook  from  eight  to  twenty-five 
I  ore  made,  and  sjieciid  arrangements  are  made  for  cooking  potatoes,  &c, 
is,  in  fact^  in  priucipk'  similar  to  Warren's  compressed  steam  boilers, 
ed  in  the  army,  but  is  simi*ler. 

1  advantage  in  active  service  of  this  plan  is,  that  if  the  troops  are  sur- 
,  &nd  have  U^  move  off  tlieir  ground  lie  fore  the  soup  is  ready,  the  pot  is 
thrown  into  the  waggon^  and  at  the  end  of  the  maruh  the  Boup  is 
By  found  to  he  ready,  f 


Rations  op  the  Frbn^ch  SoldietlJ 

In  time  of  Peace* 

ier  the  new  regulations  of  1873,  the  Government  furimhes  the  meat  for 
oldiers'  rations  at  about  35  per  cent,  under  market  jirice.     This  has 


,.'  Beuorlt'oclie  Dampfkoclitopr —Deutsche  MilitainLratUche  Zeltftch.  1872,  heft  v.  p.  216. 
I  the  Crimea,  Soyer  introdiictwi  various  portable  cooking  stoves,  but  prohably  the  com- 
'  tteftm  cooking  will  supiarsetie  id\  others.  Soyer  aliio  gav«  severaJ  retM-ipU  for  tiehl 
.  which  wens  fumnrl  to  he  very  upt?fiil*  A  number  of  iheae  receipts  were  priiitH<l  in  1872 
loyal  Artillery  Institutjoa  at  Wuolwick  In  cane  of  &  war,  it  would  be  um-IuI  to  print 
d  reccIpU  of  Ibe  some  kind^  {Rlaptedi  to  the  particalar  sort  of  cooking  «tov<i  tiien  In  use. 
Oo^  liei  DOldera  de  Santfi,  par  Didiot,  t8tJ2,  pp  481,  el  9€q.  Mtttiliouft  'bxvft  V^wel 
•  in  Uu  acale  of  diet  since  1374  ;  the  new  scale  Ib  given  in  the  texl. 
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provod  a  great  advantage  for  the  soldier.  Tlie 
(pain  do  niainticn)  and  fuel ;  the  vhite  bread  (pain  de  KnsffK  k  ' 
othcT  articlcH,  are  bought  from  the  funda  of  the  ordimaars,  or  encK 
of  the  comimny,  >>attery,  or  squadron.  To  this  the  soldier  pra  43  ^ 
a-ilay,  out  of  48  that  he  receives,  except  in  PaEi&,  when  hm  eocain 
51,  out  of  a  total  of  58.     The  remaining  5  or  7  t-gmtiyw*^  ]]£  nedm 


Infantry  of  the  Line.* 


Munition  bread, 
AVhite  bread  for  soup, 
Meat  (uncooked) f 
Vegetables,  (green),     . 
(dried),     . 
Salt,  .        . 


750 
250 
300t 
100 

30 

15 


Pepper, 


Total 


26^ 

10-6 

3-5 

11 

0-5 

fOOT 

t-31 

51-70 


If  biscuit  is  issued,  550  grammes  (or  19*4  ounces)  aie  ^ven  in 
bread.  If  wilt  beef  is  used,  250  grammes  (8*8  ounces)  are  iaeaed 
(7  oz.)  of  salt  pork.  Haricot  beans  form  the  chief  jiart  of  i 
vegetal  )h*». 

Analysed  by  the  tnblo  for  calculating  diets,  and  deducting  20  per  c 
the.  meat  for  boncj,  the  water-free  food  of  the  French  infantrv  sole 
ounces  and  ttjnths — 


Water. 


HrMui,        .... 
M(*at,  .... 

Ve><<^tubl(i8  (taken  as  ciiblMLge), 
Vegctiiblti*  dri«d  (an  [m-qh)    . 


I  1415 
6-30 
3-19 
016 


Total, 


Alboml- 
nates. 


2-820 
1-260 
0  007 
0-242 


Faxi. 


0  530 

0-705 

0017 

I    0-022 


23-80 


4-329 


1-274 


In  Alj^'lei-H  the  rjition  of  bread  is  also  750  grammes,  or  26-5  ounce! 
tmnccs  for  Houp,  or  ])iscuit  643  grjinimes.  The  meat  is  the  same  •  60 
of  rice  and  15  of  salt  are  issued,  tuid  on  the  march,  sugar,  coffee  and 
\vin»'. 

In  timp  of  War  (Moracke). 


Total. 

Water. 

Albami. 
nates. 

FatiL      ;  £ 

Meat  (without  boue),     . 
IJread,            .... 
Or  IJisruit,   .... 
Dried  Vegetables, 

Total,    .... 

gait, 

Sugar 

Ciitfee,          .... 

8-40 
35-30 
(26-60) 

2-12 

6-3 
141 

•• 

1-26 
2-82 

0-50 

0-70 
0-53 

! 
1 

I 

46-82 

20-4 

4-68 

1-23         ] 

fi 

Total  water-free  food,  24-56 

*  Ai  given  by  Moraclie,  Traits  d'Uygiene  Militaire,  1874. 
t  240  without  boiie-8-4  ounces. 
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sugar  and  coffee  are  sometimes  rtf  placed  by  25  centilitres  (9  ounces)  of 
or  6  J  centilitres  (2  2  oiincea)  of  brandy. 


German  Soldier.* 

lie  soldier  receives  his  pay  every  ten  daya — ».e.,  three  times  arinonth  ;   it 
at»  to  three  thalers  (or  9  sliillings  EiigMi)  per  month,!  or  3  ailher- 

chen  {  =  34  pen  CO  nearly)  a  day.     Out  of  thiB  he  hm  to  defray  the  cost  of 

■warm  dinner  ("  menage  '')  at  the  rate  of  1^  silbergroschen  (=  1 J  penny)  ; 
nd  he  also  receives  a  mess  contribution,  vaT3,^ing  according  to  the  nmrket 
'  iriees  of  food^J 

'  Bre/id. — In  gfirrison,  the  daily  ration  of  bread  is  1  tt>  12  Ioth5  =  24*67 
'  Snglish  ounces,  and  is  issued  in  loaves  for  four  days,  weighing  98*68  Engliah 
On  the  march,  in  some  fortresses,  and  to  prisoners  sent'cnced  to  hard 
r,  the  larger  bread  ration  of  1  B>  26  loth  =  32 '93  English  ounces,  dEily  is 
On  the  march,  the  soldier,  when  ([uartered  in  private  houses,  gets 
110  mess  contribution  tletlucted,  but  hfis  the  right  to  be  supplied  by  his  land- 
Old  with  32  "93  (English)  oz.  rye  bread,  %*%'!  (English)  o«,  meat,  vegetables, 
md  salt,  the  latter  in  sufficient  ijuantity  for  two  raeiils  (dinner  and  supper). 
3aldiem  in  cantanmfints  or  bivouacs  axe  pro\'ided  with  food  from  the  stores, 
md  their  mess  contribution  is,  of  course,  deducted. 

Tbe  rations  in  time  of  peace  are  divided  into  the  smaller  and  the  larger 
'  ug  rations. 


anmllir  Rfttlon, 
to  ontiees  artitr. 

Larger  tUrlon  for  March*!,  Ac., 

u  sappllpd  from  the 
MUitiiry  Stori'St  In  onncea  avoir. 

Bread,     ,        »        .        .         , 

26-50 

26 '50 

Meat  (raw),     .... 

6W 

8-82 

Eice, 

3*20 

4-22 

Or  unhnskeii  Barley  (Groats),  . 

4-21 

5-28 

Or  Peas  or  Beans,    • 

8-22 

10*60 

OrPotatoeall 

53*08 

70*5 

Salt, 

0*87 

0-87 

Cotlee, 

0468 

0-468 

Dps,  when  travelling  on   railway  or  on  steamers,  receive  an  additional 
'  2 1  siibRrgroschen  (  =  3  pence)  per  man  for  refreshments.     Shoidd  the 
iing  last  longer  than  16  hours,  the  additiunal  pay  u?  doubled* 
\  time  of  War. — The  snp|dy  of  rations  for  the  Germans  during  the  Franeo- 

Qertnan  war  was  thiLs  conducted  : — 

^A,,  During  the  marches  in  Genuany  the  men  were  billeted,  and  money  was 

■y.  fi>r  their  food. 

^b.  Supplies  were  drauii  from  the  magazines. 

Hp»  Supplies  were  obtained  by  reqni.^ition  ivhen  the  troofjs  entered  France. 

Xbia  last  plan  was  a  had  one,  as  was  especially  shown  in  the  march  to  Sedan, 


•  For  thii  infonutttioD  I  have  to  tliauk  my  friend  Dr  Roth,  of  the  Findsian  Army. 

■^  lAnee-corparak  and  privateis  wliuh  have  etigrageil  the  in  Helves  tt>  serve  a  longer  term  of 
j«ar«  n«cerve  an  additional  pny-'l  thaU^r  {^  j^!iiUing.s»  per  mut^th. 

^  In  the  new  ctorency— 1  thaler  —  3  mark*  j  1  mark  =  ICM)  pfennings  ;  X  ailb^rgrosclieii — 
10  pfenniDgs. 

I  Tbe  PruiSBtan  weigh ta  are  now  aAsimilated  to  the  Frendi ;  the  Prnflsiaa  poond  is  —  J  kilo- 
psmxne  or  500  g^mmei  ;  tbe  loth  =-  16  60  grammes  or  *5iJ79  oz.  avoir, 

I  2fi  per  cent,  ia  IcMit  in  boiling  nnd  poejing ;  besideSi  amaller  pol&toea  t\vKn  t)ci«  '&xi^\^'^«^\a& 
\  terml  ou^  occasJouing  still  mow  wnstii. 


tzir  ^:?p»  rra^rr^i  v^:  inrtt,  ccbos  too  fisfe,  ol 
wi^^l  bki  =i:c  =!%&  V- Koi  CC3  %>  gecii^iftfiei^vm 
'Z.'j^lr  '-ibilj  :f.  Ibr  I'l^t^  cf  v>^  f  :*>i  "vw  Jiio  cAbcb  bad  ;  »^ 
lij  i.f  ti.-^  -e-vl^i  -  f  lo^  7:i:c«  2»  Mc.-!«r=i±il  ib»  f]r3sez&  <d  isppfiet  bf  m 

'Li.;  ilrr  ''>rr-.fcr.-»  oi  r&:c  pax  miiT  bc-oej,  viuek  ma^bSL,  t^^'V^ 

--:-l.r»  -^rTz  'X  vrlJe^:;.  rm  "XBaK&.QaZT  fiuk:il  ia  eertam  aztide8»ai: 

-=-&-  f .  -=«:  ^'-  *^  ::  :L-r  i*»4K2aa2<e  va^  -^fei  %>:•  exdhasTvIr,  the  hkd  dk 
;l  Ii.  f^'.^  .:^  :-f  ir^  ^?»*;;ass  difershyif  vw  the  too  grett  uufonnfl 
il^  f  •.•!  To  «i :  &vkj  viiL  tLk»  l*»:-&.  p«eKrred  swl  aikoked  ]imiK.im 
vL:;rr  '•ri^r^  ftT.'!  p>;A:':«c&  vben  pjeRbk,  were  isRied  at  a  diai^  of 
lLir:«ri.  i^:.:  .f  iL^Sft  exizm  saaaa^  the  duly  Gcxxnan  2msioi&  wm  m  loILi 

Bn^L        .     ±61  oonees.  or  biscnit,  1 1 

Oz^     i  FPEash  <V  flfti?  ZZMttt, 

cf    '  ^ait<&»i  beef  or  mnKcpn, 

iLrr*^     I  liA^Cn,  .  .  .  - 

H:>.  .... 

One    I  Karley  or  groats. 
of    '  Pra»  or  1^4x15,    . 
ir*e«:  (  Flour,         .... 

Pota:o€3a,    .... 

Sal%  .... 

Corftr^,  .... 


or 


13 
9 
5} 

3-3  !b 
'7  oonoeL 

'7  oance  of  unroasu 
1  ounce  of  routed 

Th':  waiit  of  knowledge  of  c<K>king  was  rery  great,  and  abo  the  adtl 
of  :,:iv:\fi^  to  giv*:  tiaTour,  as  \'ine$:ar  and  spices,  would  bare  be«n  much  pi 
hotii  rtrr^ngly  p.-commen^ls  the  establishment  of  a  school  for  cooking,  like 
at  .Vldf^rhLot. 

Th^r  bread,  owing  to  the  long  time  it  was  on  transport,  was  somei 
mouldy. 

Austrian  .Soldieb.     (Krautj  quoted  by  Boffu) 
In  tt'me  of  Peac^  (in  owir^f^  (woir.)* 


( 


ToUL 


Water         ?ntp»ffewwi|        Fottjr  Stan 


M^-Ht  ^without  bone),   . 
Sii«-t, 

Flour  of  ilifrfWiit  grains  ) 
(or  veg»;taUe»y,  .  j 


31 -^K) 

6-eo 

0*62 
2-48 


12-40 
4-95 
0-06 

0-87 


2-47 
0-99 

0-27 


4070 


17-78 


3-78 


0*405 
0-562 
0-565 

0-050 


1^642 


15-3 


17-0 


^  Total  BolidH  (water-free  food)  =  22'372.     To  this  are  added,  gariic,  on 
%in'';f/ir,  and  ^^  oz.  of  salt. 


*  Tljn  toUl«  are  tAken  from  Rnih,  but  the  constitaentii  are  calculated  from  the  table  at 
J Vo,    llutb  gives  au  avent^  of  luVroQenoiia  vab«^a.xtfM  %-^,  f»iL  2-016,  and  atareli  16-4. 
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The  amount  is  pretty  good,  but  there  m  too  great  a  prepond<3ranc4?  of  bread, 
^^and  there  is  too  great  sameness.  The  fat  is  in  too  small  a  *|uantity ;  the 
Xiitrogenoud  substances  are  too  small 

In  timtt  of  War. — It  is  difficult  to  calculate  the  daily  ration,  a%  there  la  a 
weekly  issue  of  many  Bubatances.  On  four  days,  fresh  pork  is  iBsne^l  ;  the 
total  amount  being  26  oi,  or  6 J  07*  daily.  On  one  day,  6  oz.  of  salt  pork  ; 
on  one  day,  6  oz.  of  beef  \  and  on  one  day,  6  oz.  of  amoked  bacon  ;  altc»geth«?r 
in  the  week,  44  oz.  of  meat  are  issued  ;  and  in  addition,  1  oz.  of  butter  or  fat 

There  are  also  issued  per  week  : — 24 J  oz.  of  biscnit,  147  oz,  of  flour  for 
bread,  29 J  oz.  of  Hour  for  cooking,  SJ  oi  of  pickled  cabbage  (aour  kraut),  9 
02i  of  potatoes,  5  J  oz.  of  pease,  and  5  oz.  of  barley. 

Wine,  brandy,  and  beer  are  also  given. 

Russian  Solbibr,* 
Airs  ors  196  Meai  dayi  and  169  Fast  days  in  the  tjear. 


Meat,  .        .        .        , 

Bread  (Rje), 

Soar  kraut  (and  sliced  cabbige), 

Cheml  iCcrc/olium,  an  aromatic 

herb,  frosh),     * 
Peiw,    . 

Ontfi  (imbiiAked), 
FJocir, 
OnioDii, 
Pepp<?r, 
Bay  leaves, 
VegeUble  oQ,       , 
Water, 
Butter, 
Ltrd, 
Siitt,    . 
Buckwheat, 


HesilhiTt. 


Heat  with  Schr^hl 
and  Gruel, 
1»S  4ikYn, 


7  oz*  Eng. 
14'Sfl.  OS. 


0*5  fl.  oz. 

0-7  11.  oz* 

0*2  0.02. 

Si?™. 

70fll  o*. 
0*6  ox. 

1-86  OS. 
1-87  fl.  01. 


FaatDaya. 


Schtadit  and 

Omel. 

117  da^i. 


42  OZ. 
14-5  fl.  oz. 

11  oz. 


07  fl.  02, 

0'7  fl.  oz. 
0*8  fl.  OS. 

8gIB. 

jlos. 

70fl.  OJL 

0'5  OZ. 
IS60Z. 
1*87  fl.  oz. 


VtM  and  Gntel, 
»3  4aya. 


42  02. 


2*88  fl.  oz. 
0*28  fl.  oc 

0-5    it  OJJU 

3gra. 

70flJo& 

0*5  02. 
l*8flos. 
1-87  fl.  02, 


On  the  march,  1 J  lb  biacnit  (24 J  English  oz.)  instead  of  bread.  Brandy 
only  on  rare  occasions,  calculated  at  135  fluid  ounces  per  year  (in  5  02.  rations), 

Sejxty  Diet. — Dr  Godwin  has  calculated  the  diet  of  a  Hindu,  such  as  a 
Se|K>y  servant^  to  consist  of  4*387  oz.  of  albuminates  ;  1*278  oz.  of  fat  ; 
18*584  oz.  of  carbo  hydrates  ;  and  '64  oz.  of  salts — total  water  free  foo<l, 
25'113  oz.  It  is  thus  a  really  better  diet  than  that  of  the  European  suldior. 
Tfie  principal  articles  were — 24  oz.  of  attar  (ground  wheat),  4  oz.  of  dhoU 
(jiea),  and  1  oz.  of  ghee  (butter).  In  other  cases  rice  is  more  or  less  sub- 
stituted for  wheat  The  Hindu  diet  consists  of  wheat,  or  of  some  of  the 
mUleta  (cliolum,  raggee,  cumboo — see  Millets),  rice,  leguminoeaB  (Cu^fmug 
indim»)^  with  green  vegetables,  oil,  and  spices.  If  any  kind  of  diet  of  this 
soft  has  to  be  adculaied,  it  can  be  readily  done  by  means  of  the  analysis  of 
the  tumal  foods  previously  given.     For  example,  a  Hindu  prisoner  at  labour 


*  Pfom  I>r  Oanur  Hejfpldisr'fi  The  Rnasiiui  Oatnp  at  Kfasnoe  Selo^  Ocrmaii  editfoo,  191^. 
The  icritd  it  made  ot  boiled  buckwheat,  kc    Schtaehi  ia  mado  of  atm-^^^ul  V]Kuc\svQ6.'«^i^ 
boilod  lOfeUiar,    The  aiuoimt  of  bread  aeems  laii^  bat  it  maf  ^  ^tK«rj . 
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in  Bengal  receives,  under  Dr  Mouat's  dietaiy,*  the  followiiig  diol  dtuuil 

working  days  : — 


T^taJ. 

Wiiter, 

Album, 

Flit. 

Stances. 

m. 

OK.         1 

OT» 

o«. 

ox. 

OL 

m. 

Ri€«,  ,        .         .         . 

20 

2 

1 

-le 

16-74 

1 

lUioU  (a  pea,  Cajanus 
indictta)^ 

425 

'4 

0 

•OS 

275 

'11  1 

VegetaUea  (reckoned  aa  j 
cabbage), 

6 

5-46 

as  1 

03 

'34 

1W 

Oil,     .... 

1         -33 

•  .. 

•33 

».• 

.♦♦ 

Salt,   ,         .         .         . 

'S3 

X* 

><< 

<•• 

« 

Spices, 

•S3 

... 

— 

... 

"*       1 

In  some  Bengal  prisons,  2  ounces  of  fisb  or  fle«h  appear  to  be  abo  gin 
In  tiie  Looshai  ex  j>ei]itioii  the  Sepoys  received^ — rice,  1  fb  ;  flour,  1  B>;  ^ 
2  oz,  ;  salt,  1'5  oz.f     The  nutritive  value,  if  the  ghee  is  calculatod  as  1 
ie  181  grains  of  nitrogen  and  6160  of  carbon,  which  would  appeaci 
good  diet  in  respect  of  carbon*     Probably  aome  pe^  were  added. 


SECTION  IIL 

CLOTHING  OF  SOLDIERS. 

The  structure  and  examination  of  fabrics  has  been  already  given  (page 
Rsg^idutiom. — No  specific  instructions  are  laid  down  in  the  iVredicAl  ** 
tiona  respecting  clothing,  but  the  spirit  of  the  general  sanitary  rule®  ne 
includes  this  »ubject  also.     "WTien  an  array  tfikes  the  field,    the 
General  is  directed  to  issue  a  code  for  the  guidance  of   medical  officers,! 
which  clothing  is  apeciJiailly  mentioned  ]   and  the  sanitary   officer  witJi  thr 
force  is  ordered  to  give  advice  in  writing  to  the  commander  of  the  forces,  ta 
the  sulrject  of  clothing  among  other  thinga 

Formerly  a  certiiin  sum,  intended  to  pay  for  the  clothing  of  the  men,  "wi 
allotted  by  Government  t^>  the  colonels  of  regiments.  This  was  a  relic  of  tk 
old  system  by  which  regiments  were  raised — viz.,  by  permitting  cert^iin  pewofli 
to  enlist  men,  and  assigning  to  them  a  sum  of  money  for  all  cxpenntasi  lifl 
colonel  employed  a  contractor  to  find  the  ch^thea,  and  received  from  him  ibi 
surplus  of  the  money  after  all  payments  had  been  made,  A  dism-fionffV 
power  rested  with  the  service  ofiicers  of  the  reginiont^  who  c-  J 

improper  and  insuflicient  clothings  and  thus  the  intereetB  of  the  ^  :>? 

in  part  protected,!  The  system  was  evidently  radically  had  in  pirinc ijik%  *J»4 
since  the  Crimean  war,  the  Government  has  gradually  taken  this  def»arteienl 
into  its  own  hands,  and  a  large  establishment  has  been  formed  at  Pinibetv 
where  the  clothing  for  the  army  is  now  prepai^d.     This  system  ha3  workwi 


h^ 


•  See  MoiiAt*a  elaborate  report  On  tke  Diet  of  Bengal  Prisoneraj  Qovemment  Retoot,  18J^ 
p.  49.  The  chittJiek  id  reckoued  na  the  bazimT  chittjiok— viz.  **  ^283  tb^  or  u««rly  2muM«i 
a%'oir.  Some  useful  mfomiAticiu  on  prbon  and  coxAw  AibU  wiU  T)e  found  in  k  mcnionutdia 
Drepareil  by  ^ui^^-Miyor  L  B.  Ljoiii  F.C«S.,  Chemieal  Ejtaminer  to  the  Qovemment  «t  Bosbil. 

f  Indian  Med.  Gazette,  March  1,  1872. 

X  Hut  thid  Kafegnard  Ma»  not  sutlleient.  Orrict'rs  are  nut  judges  of  excelleiioe  of  atotJi ;  tot 
tMs  it  requires  special  traiuin^.     As  Robert  Jackson  said  sixty  years  ago :  **  SaJdien'  dothlig 


it  itupected  ud  approved  by  Wn  com^tent  ^od^ua  itiati  thone  who  purchaee  lor  thvmsltei^* 


TITE  CLOTHING  OF  THE  SOLDIER, 


569 


extremely  well ;  tlio  inateriak  have  been  l)oth  Ijetter  and  cheaper,  and  import- 
lint  miprovemeiits  have  been  and  are  still  lacing  intro<luced  into  th<-^  niuku  of 
the  gannonta,  which  cannot  fail  to  inereamj  th^  comfort  and  etiiciency  of  the 
aoldier. 

At  the  Pimlico  de|)6t  the  greatest  care  ib  taken  Uy  test  all  the  materials  antl 
the  making  up  of  the  articles  ;  the  viewers  are  skilled  iiersonjs,  who  are  believed 
to  be  ii^  no  way  uucler  the  inHuence  of  contractors. 

In  January  1865  a  warrant  was  ksutsd*  c^mtaining  the  regulations  for  the 
clotiiing  of  the  army,  and  sevend  circulars  have  been  since  promulgated. 

When  a  soldier  enters  the  array  he  in  supplied  with  his  kit  ;  Rimc  articles 
are  suhwiiuently  supplied  by  Govemnient^  others  hi?  makes  good  himself. 
In  the  infantry  of  the  line  a  care  fid  soldier  can  keep  his  kit  in  good  order  at 
n  cost  of  about  £1  per  annum-  Tlio  following  are  the  articles  of  the  kit 
supplied  to  the  infantry  recruit  ; — 


Articles  of  the 

Kit  {Infafdry). 

1  Forage  cap. 

2  Towek 

1  Serge  frock*                        1 

1  Knapsack. 

1  Stock. 

2  Paii-s  hoot^. 

2  Flannel  shirtaf 

1  Pair  braces. 

3  Pairs  socka. 

1  Comb. 

1  Razor. 

1  Clothes  bra^h. 

ilitts. 

2  Shoe  brushes. 

Knife,  fork,  and  apooiL 

1  8having  brush. 

Bponge. 

1  Button  stick. 

Blacking  (one  tin). 

1  HoM-alL 

To  the  Army  Hospital  Corps  and  Artillery,  a  waterprmif  bag,  for  part  of 
the  kit,  is  ako  issued  to  each  man.  Squad  bags  ai'e  issued  to  infantry,  four 
to  i^ich  company,  to  hold  the  surplus  kit. 

The  kit  is  divided  (**  Queen's  Itegulationa,"  section  10,  pan  808)  int^o  the 
surplus  and  the  service  kit  The  former,  consisting  of  1  shell-jacket,  1  pair 
of  socks,  1  ahirt,  1  towel,  2  brushes,  and  such  articles  fur  the  hold-all  as-  aw 
not  wanted,  is  carried  for  the  men.  The  service  kit  is  supposed  to  be  carried 
hy  the  man,  either  on  his  p^f^rson  or  in  his  knapsack  (see  EguiPMENT), 

Certain  articles  are  also  issued  free  of  expense  at  statcnl  intervals.  For  the 
particidars  of  these,  reference  must  bo  made  to  the  lioyal  Warrant  of  1865, 
where  they  are  stated  in  detail  The  following  are  the  articles  issued  to 
the  line  infantry  soldier  at  home  : — 


One  chaco  and  oorer,      .         ,         ,         .         , 

One  tunic, 

One  pair  cloth  trousers,  -         .         *         . 

One  pair  serge  trousers  in  line  regiments,  or  one 

pair  tartan  trousers  in  rifle  regiments, 
Two  pairs  of  boots,  one  on  1st  April,  and  one 

on  Ist  October,  ..... 

One  silk  sasli  for  seigeants,     .... 
One  worsted  sash  for  Serjeants, 


Triennially. 

Annually. 

Annually- 

V  Bienjiially. 

i  Annually. 

Every  two  years. 
Every  two  yearsw 


*  Rerjsed  Royil  aothing  Warrant.  1865 ;  Another  Wamat  was  issued  in  ISTS^  refetTin% 
chiefly  to  recruiu,  and  agiun  ki  1877,  in  reference  to  issues  in  wami  cUwiAfe*, 
t  By  a  circTikr/Noyemlw  18M^  flannd  shirts  only  are  onlfirei.  lo  \se  wl^\v»(^^»  N^i»  ««roaft.. 
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refer  the  latter,  hut  their  cost,  weight,  difficulty  of  cleaning,  and 
ng  in  washing,  have  been  objections  to  its  general  adoption.  Colonel 
beri  solved  tht^  difficulty  by  issning  a  shirt  which  is  partly  wool,  jwirtly 
;  it  is  lighter  ami  cheaper  than  wool,  as  durable  na  cotton,  and  dues  not 
in  washing.  It  is  of  soft  even  texture,  and  weighs  1 9  ounces.  Under 
icroscope,  I  count-ed  frum  45  to  47  per  cent  of  wooL 

of  war,  shirts  may  ho  partially  cleaned  in  this  way  :  The  soldier 
wear  one  and  carry  out^  ;  every  night  he  should  change  ;  Lang  np  the 
tikes  off  to  dry,  and  in  tlie  morning  beat  it  out  and  slixike  it  thoroughly, 
way  much  diit  is  got  rid  of.  He  should  then  carry  this  shirt  in  his 
during  the  day,  and  substitute  it  for  the  other  at  night  If  iu  addition 
►  care  is  taken  to  have  washing  parad*is  as  often  as  possible,  thti  difficulty 
Billing  woidd  bo  avoided. 

w  hot  countries,  the  common  Englijsh  flannels  am  much  too  thick  and 
^Jng  ;  flannel  most  be  exix^dingly  fine,  or  what  is  perhaps  better,  merino 
y,  which  contains  from  20  to  50  per  cent  of  cotton,  could  be  used, 
^est  writers  on  the  hygiene  of  the  tropics  (Chevers,  Jeffreys,  Moore) 
recommended  flanneL 

Idier  wears  no  drawers,  but  in  reality  it  is  just  as  important  to  cover 
thighs,  and  hips  with  flannel  as  the  upper  part  of  the  body, 
folding  well  over  the  abdomen  form,  with  the  long  shirt,  a  double 
i^^annel  over  that  important  part.,  and  the  necessity  of  eholrra  belts  or 
t*T>unds  is  avoided.  Cholera  Ixdts  are  made  of  flaimel,  and  ftdd  twice 
^     abdomen. 

P'^Dldiers'  8«xks  are  of  cotton  ;  it  would  be  d4?6imble  to  have  them  either 

•«noh  or  half  cotton  half  wool  ;  they  should  l>e  well  shrunken  before 

on.     It  has  been  proposed  to  divide  the  ti:>es,  but  this  seems  an 

Tj  refinement     It  has  been  also  proposed  to  do  away  vdth  stockings 

r,  but  'With  the  system  of  wearing  shoes,  it  is  difficidt  to  keep  the 

ectly  clean,     Tlie  boots  get  inipregmitod  with  perspiration.     Some  of 

troops,  inst43ad  of  stockings,  fold  pieces  of  cidico  across  the  foot 

Xkg ;  when  carefully  done,  this  is  comfortable,  but  not,  I  bchevej 

ir  than  a  gfjod  sock  kept  clean. 

€Tftrmen(jf.—The  clothes  worn  by  the  different  arms  of  the  services, 

different  regiments  in  the  same  branch,  are  ao  numerous  and  diverse, 

is  impossible  to  describe^  them.     In  many  cases  taste,  or  parade,  or 

simply,  has  dictated  the  shape  or  the  material     And  diversities  of 

A  are  especially  noticeable  in  times  of  peace.     When  war  comes  with 

^  touch,  every  thing  wliich  is  not  useful  disappears.     What  can  be 

Ijome,  what  gives  the  most  comfort  and  the  greatest  protectiouj  is  soon 

out     The  arts  of  the  tailor  and  tlie  orders  of  the  martinet  are  alike 

ed,  and  men  inefciiictively  return   to  what  is  at  the  same  time  most 

and  most  useful     It  will  be  admitted  that  the  sohlier  intended  for 

be  always  dressed  as  if  he  were  lo  be  called  upon  the  next  moment 

the  field.     Everything  shoukl  be  as  simple  and  efl'eeiive  as  puj^silde; 

,  comfort,  durability,  and  facUity  of  repair,  are  tln^  i)rinri|iles  which 

regulate  aU  else.     The  dress  should  not  bo  cncundjered  by  a  single 

iDont,  or  embaiTassed  by  a  single  contrivance  which  has  not  its  use, 

int  it  may  be,  and  should  bo,  for  the  useful  does  not  exclnde,  itid(*ed 

^  implies,  the  bL^uitiful,  but  to  the  eye  of  the  soldier  it  can  be  beautiful 

when  it  is  effective.* 
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Ilead-Dreis. — The  head-dress  is  need  for  protectum  ^iiQii  oold^M 
and  ligbt     It  must  be  comfortable  ;  bb  light  as  is  consutail  with 
not  press  on  the  bead,  and  not  to  be  too  close  to  the  hair ;  it 
snme  movement  of  air  over  the  head,  aud  therefore  openmgR,  not  iMftil     ' 
rain,  mu&t  bo  nmde  ;    it  should  present  a8  little  surface  aa  potfiliilifls    I 
wind,  so  that  in  rapid  movements  it  may  me^t  the  least  amount  tim^lmL 
In  some  cases  it  must  be  rendered  strong  for  defence ;  but  f2ie  fwriiaa^ 
modem  war  are  rendering  this  le.88  necessary.  J 

As  it  is  of  great  importance  to  reduce  all  the  dress  of  the  eoldi9t»te  I 
smallest  weight  and  bulk,  it  seems  desirable  to  give  only  ont  ^nM^U 
instead  of  two,  as  at  present  Kemembering  the  conditions  nf  hit  lli^^| 
exposure,  and  his  night  work,  the  soldier's  head-dress  should  be  iidi|il^^| 
skipping  in  as  well  as  for  common  day-work.  Another  jroint  ww  %i^^| 
int^i  notice  by  the  Crimean  war ;  in  all  articles  of  clothing,  it  much  fidflM 
production,  lessens  expense,  and  aids  distribution,  if  the  different  m^iti  I 
cloth tng  for  an  army  are  as  much  alike  as  possible  ;  eyen  for  tlie  iiifiuill]^!  I 
was  found  difficult  to  keep  up  the  proper  distribution  of  ikedifoiotfflqu 
of  regimt'nts.  ^H 

Head-Dress  of  the  Infantry. — The  present  head-dres5e?  are  the  beinti^H 
for  the  G  nan  Is,  a  smaller  and  nither  lower  kind  for  J  ,  buabteil^H 

Foot  Artillery,  Engineers,  and  Rifles,  the  Highland  bt^t  i  fih«k«*flH^ 

line,  and  forage  caps  made  of  cloth  for  alL  The  bearskin  weighs  37  madi;1 
the  Engineers*  hu8by,  13|  ounces;  the  Infantry  tdiako,  9|  oimcea  Iliekl 
the  prtifessional  soldier  to  decide  if  the  rapid  movements  and  the  nscM^llj 
cover  in  modem  war  are  comfwitible  with  the  retention  of  the  beoi^kin  criil 
busliy.  If  not,  I  believe  no  one  would  wish  to  retain  them  *m  mtaimf 
grounds  ;  they  are  heavy,  hot,  give  Mttle  shelter  from  rain^  and  oppose  a  fa|pj 
surface  to  the  wind 

The  present  shako  (now  about  to  l>e  distvontinued)  is  the  best  that  hulMi 
issued  ;  it  is  made  of  two  pieces  of  waterproof  cloth,  sewn  tqg^tbet  \<J  ^ 
sewing-macliine ;  its  shaf*e  is  slightly  conical  ;  its  hei^'ht  ia  4  inehs  i 
front,  6t  behind  ;  weight,  9|  ounces,  including  the  ball  and  biais  |Jil^ 
which  weigh  If  ounce.  The  oilskin  cover  weighs  in  addition  1|  «»» 
Tlie  jieak  is  hfarizoutal,  and  measures  2|  inches.  There  is  no  rim  bdUJEd  li 
direct  off  the  rain,  but  the  lower  edge  of  the  cap  comes  weU  down  otw  ^ 
heail; 

The  Glengarry  Scotch  cjip,  with  a  peak  and  awaterjiroof  falling  Biqibdiiii 
and  with  enr-flaps»  to  he  put  tlown  in  case  of  nun,  or  in  sleeping  tml  at  m^ 
has  these  great  advantages.  It  is  very  soft  and  eonifcvrtalde^  presses  auwiiw 
on  the  liead,  has  sufficient  height  above  tlie  hair,  and  con  be  Tcmlilitil  ^ 
oj>enings  if  desired  ;  it  cannot  be  blown  off  ;  it  catn  be  carried  at  the  lo^  ^ 
the  head  wlien  desired  in  hot  weather,  or  pulled  down  completely  cmt  Ai 
furt^head  and  t-ars  in  cold ;  with  a  large  tiap  behind,  and  ear-flaps^  its  fl 
what  the  siddier  wants,  a  comfortal>le  night-cap^  sheltering  tlie  back  and 
of  the  neck  as  well  as  the  head  It  is  also  both  an  elegant  and 
head'tlress,  Diveati*rl  of  the  showy  but  objectionable  feather,  which  hu 
foisted  in  the  Higfdand  regiments  on  the  original  bonnet,  it  wmiW  ha  tb> 
best  head-dress  in  any  army  for  tem|ierate  and  subtropical  climatH.  ft 
has  now  been  intRKluced  for  forage  caps  by  Colonel  Herbert ;  and 
can  be  do  doubt  that,  if  a  good  waterproi>f  cover  with  flaps  is  added 
active  service,  it  will  be  the  only  headnii'ess  used  iji  wan     ITnfoftiiliaMFi 
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either  to  save  cloth  or  from  aome  idea  of  smartneen^  it  is  now  being  made  so 
small  tliat  its  advantages  are  imperilled,  as  it  caimot  be  drawn  down  over  the 
head 

Tlie  peak  of  the  shtiko  in  the  EiigUfih  army  was  worn  quite  borizoTi hilly 
ftbout  forty  years  ago  ;  it  was  then  made  almost  vertical,  and  is  now  horizon- 
tal agaitL  It  in  perhaps  now  too  horizontal,  as  it  docs  not  shade  the  eyes  at 
all  wiien  the  san  in  low ;  a  moderate  curve  would  be  better, 

Hi'wi'DreM  of  the  iJnvalrij.—T\m  Horse  Artillery  and  Cavalry  cany  helmets 
and  caps  of  ditferent  kinda 

The  shapn  of  th«  ht'lmet  in  the  Guards  and  heavy  dragoons  is  excellent 
It  is  not  top-hi3avy  ;  offers  httle  surface  to  the  wind  ;  and  has  sufficient  but 
not  excessive  height  above  the  head.  Th«>  material^  however,  is  ohjectionabJe. 
The  metal  intended  for  defence  makes  the  helmet  veij  hot  and  heavy  ;  and 
the  helmet  of  the  Cavalry  of  the  Guard  weighs  55  oiuices  avoir  ;  that  of  the 
Dragoon  Guanls,  39  ounces  (in  1868).  But  as  every  ounce  of  unnecessary 
weight  is  adtlitioual  unnecessary  work  thrown  on  the  man  and  his  horse,  it  is 
y«iy  qui^stionalde  whether  more  is  not  lost  than  is  gained  by  the  great  weight 
esilBed  by  the  metal  Leather  is  now  often  substituted  in  some  armies,  where 
the  cavalry  hehiicts  are  being  made  extremely  lightv 

The  Lancer  cap  weighs  34  J  ounces  ;  the  Hussar,  29|  ounces.  Both  are 
diesaes  of  fantasy.  The  Lancer  cap,  except  for  its  weight,  is  the  better  uf  tlie 
two  ;  is  more  comfortable  ;  shades  the  eyes  ;  throws  off  the  rain  better ;  and 
otfi^rs  le^  resistance  to  moving  air  than  the  Hussar  cap. 

The  undress  or  forage  cap  of  all  c-cjrps  is  a  cloth  cap,  with  or  without  a 
peak,  and  varjung  in  shape  and  kind,  according  to  the  regiment,  and  weighing 
about  5  ounces. 

In  Canada,  a  fur  cap  is  used,  with  fiaps  for  the  ears  and  sides  of  the  face 
and  neck. 

In  India,  many  contrivances  have  been  used.  Up  to  the  year  1842  little 
attention  seems  to  have  been  paid  to  the  head-dress  of  the  infantry,  and  the 
men  commonly  wure  their  Eiupoi>ean  forage  caps*  In  1842  Lonl  Hardinge 
issued  an  order,  that  white  cotton  covers  should  be  worn  over  aU  caps  ;  sub* 
seqnently,  a  flap  to  fall  down  over  the  back  of  the  neck  was  added.  The 
effect  of  the  cotton  cover  is  to  reduce  the  temperature  of  the  air  in  the  cap 
about  4'  to  7*  Fahr.     Although  a  great  impn:)vement^  it  is  not  sufficient. 

Afterwards  other  plans  came  into  use.  Pith  and  bamboo  wicker  helmets, 
covered  with  cotton^  have  been  much  used  ;  especially  the  latU^r,  which  are 
very  light,  duralile,  not  easily  put  out  of  shape,  and  cheap.  The  rim  should 
not  be  horizontal,  but  inchned,  so  as  to  protect  from  the  level  rays  of  the  sun. 
The  pith,  or  **  Sola "  hats,  appear  to  be  decidedly  inferior  to  the  wicker 
helmets  ;  and  men  have  had  sun-stroke  wlule  wearing  them. 

The  turban  has  never  been  much  worn  in  India  by  the  English.  It 
requires  some  time  and  care  to  put  on ;  and  if  not  weU  arranged,  is  hotter 
than  the  wicker  helmet. 

In  tlie  French  infantry  the  shako  is  now  made  of  leather  and  pasteboard, 
and  is  divested  of  all  unnecessary  ornament,  so  as  to  be  as  light  as  it  can  W 
It  comes  well  back  on  the  head,  being  prolonged,  as  it  were,  over  the 
occipital  protuberance. 

In  Algeria,  the  Zouaves,  Spahis,  and  Tirailleurs  wear  the  red  fe2,  covered 
with  a  turban  of  cotton.     In  Cochin-China,  the  French  have  adopted  tlie 
bamboo  wicker  hehnet  of  the  Enghsh. 
I  The  natural  hair  of   the  head  is  a  very  great  protection  against  heat. 

I      Tarious  customs  prevail  in  the  East     Some  nations  shave  the  head,  and 
I      wear  a  laige  turban  \  others,  like  the  Bormeae,  wear  the  bak  Wcv^^  \;<«\»X.>& 


html  and  firm  that  it  was  impossible  to  In^nd  the  ne< 
and  irritat^^d  tlie  submaxillary  glands,  and  waa  so  nno 
montlis  before  recniita  could  wear  it  with  ease.  Be 
nmdii  to  alet'fj  in  it,  in  order  to  accustom  them  to  it  ] 
yeaiTS  the  »tock  has  been  made  luwer,  and  more  flexil 
gtoek  18  still  worn  in  England,  though  it  u  now  <^ui 
where  a  thin  liaudkerLhief  takes  it©  place. 

It  certainly  ^^ems  wonderful  that  an  apparatus  of 
found  dt-*fenders;  for  it  was  not  merely  unoomfc 
impeded  the  ruturn  of  blood  througli  tlie  external  jug- 
action  of  some  of  the  aceessory  niuseleB  of  respiration 
be  more  i^jereeptiMe  to  eoldiera)  rtmdered  impossible  tj 
attitudes  of  the  neck,  which  occur  when  a  man  makes 
gieat  exeiti< ►n  with  the  upper  extremities  cannot  be  IE 
Bcapula  are  not  rigidly  tbced ;  and  they  cannot  be  fii 
easily  bend.  On  every  account,  physiological  and 
shoulil  lie  left  hare,  or  he  prtitocted  without  any  pre^ 
medical  reason  why  it  ahouLd  not  be  left  bara  Like 
get^  at^cuetomed  to  exposure  ;  and  besides,  if  we  let 
cour^^e,  there  is  tlie  beanl  to  shelter  important  purts. 

If  the  neck  is  covt^rt-d  at  ull»  it  should  he  with  a 
cloth.  The  collar  of  the  coat  should  he  maile  low  and 
freedom  to  every  moment  of  the  neck,  and  not  to  oo 
neck  in  the  slighteat  degree,* 

In  Algeria  the  French  troopa  have  long  worn  a  thin 
a  decree  of  March  1860  extemled  its  use  to  all  the  oor 

Coai^  Tufu'c,  Shdl-JitrM^  (ti\ — The  vaiietie^  of  the 
in  the  army  ;  and  there  are  undR^&a  and  stable  suits  o: 
infantiy  now  wear  the  tunic,  which  is  a  gi^at  improT< 
awiiy  coatee.  It  is  stiD,  however,  too  tight,  and  mad 
liips  and  across  the  abdomen.  A  good  tunic  should  ha 
loose  round  the  neck,  over  the  dioiilderaj 
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^^Hdier-Iike  dress  than  the  tight  garment,  which  every  one  sees  must 
^^pfjii  mid  hinder  the  rapid  action  of  muficlea.  The  tunic  should  be  welJ 
Hed  with  pockets,  not  cmly  Ix^und,  but  on  the  sidets  and  in  front ;  tlie 
■b  being  intLtrnal,  and  niaile  of  a  very  strong  hning.  In  time  of  war,  a 
K  has  many  things  to  carry  ;  foodj  extra  ammunition  s^jnie times,  all 
Hf  little  eomforta,  which  pa«k  away  easily  in  pockets.  If  thi^  ajijjearaiico 
■^ied  to,  tht^y  iiwd  not  to  he  used  in  time  of  peace  ,  hnt  with  a  loose 

■  they  would  not  be  soen. 

great  improvement  wm  made  hy  Colonel  Herbert     llie  old  shell-jacket 

c3one  away  with,  and  a  looatj  frock   suhetitutetL     As  tJiia  iu  siire  to 

De  the  working  dress,  and  the  tunic  will  b©  kept  for  parades  merely,  tho 

jao'  wUl  have  the  great  advantage  of  a  loose  drefia. 

^tnijia  the  tunic  is  made  loose,  and  of  thin  materiaL 

Ufisirffntfi. — Ko  waistcoats  are  worn  in  the  Britii^h  army,  but  they  ought 

■  introiiuced.*  A  long  waiat-coat  with  aima  is  one  of  the  most  useful  of 
Bttits  ;  it  can  be  used  without  the  tunic  when  the  men  are  in  harracka  or 
»mmon  drill  Put  on  under  the  tunic,  it  is  one  of  tlie  Ix'st  protections 
bst  cold.  At  present  the  men  are  obliged  bo  wear  tight  coats,  and  having 
lung  under  them,  hue  them  with  Eannel  and  wadding.  In  winter  and 
liner  they  often  wear  ihe  same  dress,  although  the  oppression  in  the 
liner  is  very  great.  If  the  tunic  were  made  very  loose  of  some  light 
Brial,  and  if  a  good  short  Jersey  or  Guenisey  fiock  were  alIo\\<id  to  be 
Q  at  the  option  of  the  men,  the  men  would  liave  cwd  dressfis  in  summer, 
m  in  winter,  and  the  thin  tunic  would  be  more  comfortable  in  Uie 
iitenanean  and  subtropical  stations. 

W*w*w:m — Fonnerly  the  army  wore  breecht^  and  leggings  ;  bat  shortly 
9e  or  during  the  Peninsidar  war  tronsiis  were  intKiducfd.  1  he  increased 
nrt  to  the  sol*lier  is  said  to  have  been  remarkahle  ;  the  trouper,  indeed, 
ictiug  the  leg  quite  down  to  the  ankle,  aeems  to  he  as  good  a  dress  as  can 
bvised,  if  it  w  made  on  propor  principles,  viz.,  vexy  looser  over  the  bips 
knees,  and  gathei-ed  in  at  the  ankle,  so  that  merely  Buliicient  opening  is 
to  pans  the  foot  tlircaigh.  The  much-laughed-at  ]>egtop  truusei's  seoiu  to 
In  fact,  the  proper  shape.  In  this  way  the  whole  leg  is  pnitecled,  nod 
increased  weight  given  by  the  part  of  tha  trousers  helow  the  knee  is  a 
ter  of  no  consequence. 

lie  trousers  are  supi^orted  either  by  braces  or  a  belt  If  the  latter  he 
I,  it  shoidd  he  ptirt  of  the  troueere^  should  tit  ju8t  over  the  hip,  and  not 
ound  the  waist  It  must  be  tight,  and  has  one  disadvantage,  which  is, 
.  in  great  exertion  the  perspiration  iiowing  down  fn>ra  above  collects  there, 
bt©  tight  belt  hinders  its  descent ;  also,  if  luavy  articles  are  carried  in  the 
E«t|  the  weight  may  be  too  great  for  the  belt  Braces  seem^  on  the  whole, 
Imt 

^users  shoidd  he  made  with  largo  pockets,  on  the  principle  of  giving 
men  as  innch  convenience  as  possible  of  carrying  fu-ticles  in  t?me  of  war. 
a  Intlia,  trousers  are  made  in  the  same  fashion  as  at  home,  bat  of  drill  or 
kee  cloth,  or  thin  serge — an  excellent  material,  e^pi^cially  fur  the  northern 
iona 

leggings  and  Gatiem — Formerly  long  leggings  reaching  over  the  knees,  and 
0  of  half*tanued  leather,  woi-e  useiL  They  api)ear  not  to  have  been  con* 
red  eomfortable,  and  were  discarded  about  sixty  years  ago.  Sliort  gaiters 
>  0Qb8equently  used  for  some  time,  but  were  finally  given  up,  and  for 


.  wftistcost  W1L8  introduced  a  short  ttm«  af o,  but  has  alnce  been  mifurtuaaulY  N<\\k- 
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f^everal  yeara  nothing  of  the  kind  was  worn.     After  the  Crimam  mt 
Hprl>L^rt  intTOtluced  for  the  infantry  short  knither  leggin^fs^  6  mchas  in 
ami  bnttnjiing  on  the  outside.     These  were  not  of  good  length  orsbipi,  _ 
liare  now  heen  superseded  by  leggings  which  come  more  up  to  the  kiMe^  bI 
iire  nuu^h  more  serviceable, 

In  some  of  the  French  regiments  a  gaiter  of  Lali-dreased  hide  comei  apt> 
juet  behiw  the  knee  ;  short  calico  or  linen  gaiters  are  worn  by  othtsr  cci 
Hap  comes  fonvard  over  the  instep.  The  calico  gaiters  haTe  been 
praised,  but  they  soon  get  eaturated  with  perspiration,  thickencMl  in  riJges, 
aometimea  irritate  the  skin.  On  the  other  hand,  leather  gaiters,  if  not  mii 
of  good  leatlier,  lose  their  suppleness^  and  press  on  the  ankles  and  ij 

A  great  advantage  of  gaiters  and  leggings  is,  that  at  the  end  of  a 
they  can  be  at  once  removed  and  cleaned ;  hut,  on  the  whole,  if  suit^l 
could  be   fixed  at  the   bottom  of  trousers,  it  seems  to  me  tliev 
abandoned. 

^loes  and  Booia, — In  the  action  of  walking  the  foot  expands  in  lengtk 
breadth  ;  in  length  often  as  much  as  ^th,  in  breadth  even  more. 
choosing  shoes  this  must  be  attended  to.  The  shoemaker  measures  when 
person  is  sitting,  and  as  a  rule  allows  oidy  ir^th  increase  for  waUdng.  Aaki 
boots,  weighing  40  to  42  ounces,  ore  now  worn  by  the  infantiy  :  tbfi  ctn^ 
have  WclJingtons  and  jackboots.  The  jackboots  of  the  Life  Guaida  im 
(vdih  spurs)  100  ounces  avoir.  Shoes  cannot  be  worn  without  m 
Ankle  boots  arc  preferable  ;  in  the  English  *aniiy  they  are  now  mmie  to 
and  are  titttnl  witli  a  good  tongue,  Gre^it  attention  is  now  paid  at  PimJioB? 
the  shape  and  make  of  the  hoot,  and  the  principles  laid  down  by  iljuoie 
Meyer,  and  others,  are  carefully  attended  to.  There  are  eight  sizes  of '  " 
antl  futir  of  l>readth,  making  thirty-two  sizes  in  all  The  bouts  arfrmadL  „ 
and  k^ft.  The  heel  is  made  very  low  and  broad^  so  that  the  weight  ii 
thrown  on  the  toes^  the  gastrocneniii  and  solei  can  act,  w^hich  they  ciiniwl^. 
well  with  a  high  ln.^el,  and  there  is  a  gfjod  base  for  the  column  which  iam 
the  line  from  the  centre  of  gravity,  and  the  centre  of  gravity  is  kept  low ;  tfe 
inner  line  of  the  boot  is  made  straight,  so  as  not  to  jiush  outwanls  the  git^ 
toe  in  the  least  degree,  and  there  is  a  bulging  over  the  roc»t  of  the  grti4it  tc*  ^ 
allow  ejisy  play  for  the  large  joint  Across  the  ti-md  and  toes  the  foot  iam^ 
very  hroatl,  &t)  that  the  latond  expansion  may  not  be  impeded  •  the  torn  ii* 
broach  Great  can^  is  taken  in  the  inspection  of  the  boots,  the  oixier  of  isa^ 
tion  !ieing — Ist^  The  proof  of  the  aixe,  which  is  done  by  standard  mtaflm 
2d,  The  excellence  of  the  leatlier,  which  is  judged  of  by  inspection  of  «A 
boot,  and  by  selecting  a  certain  number  from  each  lot  furnished  bv  a  tJr 
tractor,  and  cutting  them  up  ;  if  anything  wrong  is  found,  thu  whole  Vi  ^ 
rejected  ;  3(/,  The  goodness  of  the  sewing  ;  there  must  be  a  certain  numte^ 
stitches  j)cr  inch  (n(>t  lens  than  eight  for  the  njiper  leathers),  a  certain  thkkiitf 
of  thread,  and  the  thread  must  be  well  M'axed  The  giving  tip  of  booths 
generally  owing  to  the  shoe  maker  using  a  large  awl^  and  thin  un  waxed  thn^ 
with  as  few  stitches  as  possible ;  the  work  is  thus  easier  to  him,  but  the  liUB^ 
soon  rots. 

The  Germans  are  now  introducing  a  long  boot,  with  a  slit  down  the 
it  can  lie  worn  under  the  trousers,  or  at  pleasure  outside,  as  the  slit  opeoi^ 
can  then  be  laced.      A  somewhat  similar  hoot  has  been  invented  by  ~ ' 
8ir  W*  Palliser, 

Considering  the  gnat  injury  uiflicted  on  the  foot  by  ti^t  and  jHimrft 
boota,  by  which  the  toes  are  often  distorted  and  made  to  override,  and  4« 
great  toe  is  even  dislocated  and  anchylosod^  it  is  plain  that  the  increased  «tt 
tion  lately  excited  on  thia  point  is  not  unnecessary.     The  comproeeion 
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cbildren'ft  feet  by  tho  tight  leather  shoes  now  iimde  is  extremely  cruel  and 
injtirioua      It  may,  iiuleed,  be  osscrtt^d  that  the  child  a  foot  would  l>e  Wtter 
if  left  altogether  unclothed,  and  ccrtaiidy  we  see  no  feet  so  well  mrjdelled  m 
the  childivti  of  the  poor,  who  run  about  shoelefla     In  the  case  of  the  euldier^ 
too,  who  hiia  in  many  campai^ma  been  left  shoeleas,  and  has  greatly  Buffered 
therefrom,  it  is  a  quetition  wlieLhur  he  should  not  bo  trained  to  go  barefooted- 
The  feet  soon  get  hard  and  callous  to  blows,  and  cle^iidiness  is  really  promoted 
I  by  having  the  feet  uncovered,  and  by  the  fret|uent  washings  the  practice 
I  renders  nee*»asary.     After  being  uiiw^im  for  some  time^  shixis  that  previously 
litti^d  ivill  be  found  too  small,  un  awount  of  tlie  greater  expansion  of  the  foot, 
j  and  this  is  itself  an  argument  agjiinst  the  shoe  as  commonly  worn. 
I       The  sandal  in  all  hot  countricii  is  mudi  better  than  the  shoe,  and  there  is 
no  reason  why  it  should  not  be  u^sed  in  India  for  the  Englii^h  e*>Mier8  as  it  is 
by  the  native ;  the  foot  Ib  cooler^  and  will  be  more  frequently  washed    Por  all 
native  troops,  negroes,  A;c,  the  sandal  should  be  used  «""^  the  bixit  altogether 
|p?oididd     In  campaigns  it  is  most  impiirtant  to  have  large  stores  of  boots  at 
linxioiia  points,  so  that  fiesh  boots  may  bu  frequently  issued  and  worn  ones 
r  aent  back  ft»r  repair.     Soldiers  ought  to  be  trained  to  re|>air  their  own  boots.* 
j       Greatcoat  ami  Cloak, — In  the  cavalr}-^,  cloaks,   with  capej?  which   can  be 
detached,  are  carried     They  are  large,  so  as  to  cover  a  good  dord  of  the  horse, 
and  are  made  of  gfK>d  cloth  ;   tho  weight  is  about  5  lb  to  6  lb  for  the  cloak, 
I  and  2i  R)  to  3  lb  for  the  caj>e.     The  infantry  wear  greatcoat*  weighing  from 
I  6  lb  to  G  Hxt    They  are  now  made  of  extremely  good  cloth,  are  double-lireajstedj 
I  and  are  as  long  as  can  be  managed     They  are  not  provided  with  poeketa  at 
the  back,  which  is  a  serious  omission,  and  they  also  should  have  loops,  so  that 
the  flaps  may  be  turned  back  if  desired     They  are  t^oo  heavy,  and  absorb  a 
great  deal   of  wet,  so  that  they  dry  slowly.     General  Eyri/'s  Committee  on 
Equipments  recommended  a  lighter  greatcoat,  and  in  addition  a  got»d  water- 
proof cape*     The  suggestion  seems  to  bo  a  very  good  one.J     A  hood  might 
also  Im*  added  with  advantage.     In  countries  with  cold  winds  they  are  a  gn.^at 
kjpiafort.     Or  the  Russian  l>afl!dik  might  be  introduced  ;   it  is  a  most  useful 
Ppfvering  for  cold  and  windy  countries. 

The  greatcoat  is  perhaps  the  most  important  article  of  liress  for  the  scddier. 
With  a  good  greatcoat,  JiulK^rt  Jacksfjn  thought  it  might  lie  jH>H8iV>Ie  to  do 
away  with  the  blanket  in  war,  and  if  india-rubl>er  sheets  were  ui*ed  this  is 
|>erhap6  possible.  In  the  Italian  war  of  1859,  the  French  truo]>8  left  their 
tunics  at  home,  and  campaigned  in  their  greatcoats,  which  were  worn  open  on 
the  marck$ 

In  countries  liable  to  great  vicissitudes  of  temperature,  and  to  sudden  cobl 
I  winds^  as  the  hiUy  parts  of  (ireece,  Turkey,  Afghanistan,  i&Cv,  a  looae,  warm 


•  It  nijiy  be  worth  while  t^  jri vo  a  receipt  for  niakiD^  Ixtoti  inip«niie»ble  to  wet.  T  hji>  e  tric<l 
the  fonowiiiK  ftud  fonmi  it  eflVctUAl  :— Take  haU  a  poatid  of  ihoeniJik«r'i  dubbinp,  half  a  pint 
of  Itnwed  oil,  half  n  pint  of  halution  of  in{lia-nili>>er  (price  3«.  per  gallon).  Duwolve  with  jrciitlo 
heat  (it  b  very  mttammahlc),  and  ruh  ou  tbe  boot«.  Th»  will  last  for  Are  or  aix  months :  but 
it  ia  well  to  reitew  it  BYvey  three  tnontba.  At  a  iui&ll  expense  the  bodts  ^r  %  wholn  regiment 
ocmld  be  ihtui  made  imuenneiible  to  wet.  Array  Circular,  clattae^  W,  V"  '  N— 1.  Tbat 
boots  «•  to  be  blackened  with  three  ro.itJ<  of  onlinary  blacking,  lattr  uhsUncea. 

2.  Boota  or  shoes  in  store  are  to  be  dubbed,  or  have  neat*s-foot  oil  applii  _   r^.  al  letst, 

once  In  four  monthi. 

+  I  weighed  three—one  large  sise,  one  medinm,  aad  one  small ;  the  wel^ti  wera  4S  lb  8 
oances,  5  m  9  ooncee,  and  5  Ib  8  onneea. 

t  CLmm  IfiC^  1876,  of  Anny  Circtilare  direct*  the  inae  of  a  water-proof  ooct  for  oertaln 
daties. 

I  aoth  may  be  made  waterproof  b?  the  foUowing  Pimple  plan :— M ake  «  weak  solution  of 
glue,  and  while  it  ia  hot  »ld  alum  in  the  |m>portion  of  one  ounce  to  two  quirts  :  as  soon  ai  Uie 
•Inm  is  dia^^lved^  «nd  while  the  solution  is  hot«  brash  it  welt  over  the  surfiaoe  of  tUtt  elo\.\:k,  vn\ 
then  dry.    It  is  said  that  the  addition  of  two  drachms  of  sulphate  oC  ^^gi^ecVa  «&  vux^^tc^^^omuV* 
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cloak,  which  c^n  be  worn  open  or  folde^l,  is  used  by  the  inliAbitisK 
he  imitated  in  canipaigna     It  u  worthy  of  remark^  that  hmmd 
countries,  though  the  sun  may  be  extrt?mely  hot^  the  elothoft  ia  im 

Iti  very  cold  countries,  sheepekin  and    buBTalo-hide  <$oa^  '^'^J 
former,  are  very  uaefuL     No  wind  can  blow  through  ihem  ^  in  t^ 
night  of  their  rigorous  winter  the  Anatolian  ^epherrls  lie  am  in 
ekin  coat  aod  hood  without  injury,    though   unprotect^  ~ 

deatb     lu  Bulj^niria,  the  Crimea,  and  other  conntri*?*  exposnl 
winds  from  SilMjria,  and  the  steppes  of  Tartaiy,  no  tiling  can  bf 
coats  Hke  thesa* 

SECTION  V. 

WEIGHTS  OF  THE  ARTICLES  OF  DRESS  AND  OF  THE  . 
MENTS,  AND  ON  THE  MODES  OF  CARRYING  THE  WElGi 

Thf?  following  tables  jjive  the  weights  of  aU  the  articles  n^eii  by  i 
Cavalry  Ker,quient»  an  Hnssiir  E<?giment,  and  the  Infantry  of  the  i 
weights  carried  by  the  Artillery  are  much  the   mme  as  those  of  th  ( 
The  weights  of  the  helmets  and  jackboots  of  the  Life  and  Hone  Go 
been  already  mentioned.     The  cuirass  weighs  10  lb  12  oi  ;it  re^tiJii 
Ihe  sacrum  and  lii|i,  and  in  that  way  is  more  easily  borne  hr  the  mail 
these  exceptions,  the  wei^'hts  may  be  amsidered  neiuJy  the  mmt  y  i 
the  heavy  dmgoona. 

CAVAUlt. 

The  weight  of  the  accoutrements  and  equipment  is  in  great  fwrtc 
the  horse.     The  cloak,  when  not  worn,  is  carried  in  a  ntlJ  'A'rr  Ih  sha 
or  sometimes  round  the  neck,  or  in  front  on  the  horse, 


Frivaie  in  Qth  Dragoon  Gmrds,- 

-ir 

HtjMs  in  Marching  Ortkr  (/»  Ml 

Aiticlet.                         tb. 

OL 

Anid*!.             "^  ' 

Carl'inf,    »        ....         6 

8 

Brought  fonrtr  1 

SworrLbelt  an*!  sword,       .         .        5 

S 

Blanket,  . 

l^nuoh-bclt  and  pouch,       .         .          1 

6 

Heel  EU^pes, 

fMtHik  (iiul  caf>e,         ...       10 

8 

„    Pegt, 

VftliMe  completely  packed,         .       1.5 

0 

S;iiackle«, 

»S;iddle  iximplete,        .         .         .47 

8 

Cflllnr  Shank,  . 

.Sli<'t"[vskiii,  oom-sack,  and  noae-bitjy,     3 

S 

Wdiington  h-^^^*-    '       |  L", 

Man's  dotliiiig  (which  includes' 

a  nimplf'tt!  set  of  undercloth- 

ml 

ing,   hflmt*t  without  plume,  !-   17 

0 

Arerage  weight  of  tonn  \  iiaki^\    W 

tuuicfi,  }*ants,hii  versflck,  gnuut- 
J  eta,  kiiee-bowta,  utjd  a  purs,)    j 

Tobd,       .    l3 

Ciirr}'  forward,        .       112 

0 

Or  20  stoae  and  5  ll»  (wsjrff- 

Weights  of  Mmi'st  Clothes^  Ne4ien8Gr%i 

ar,  ^c,  10^  Royal  ffi«at«  (li 

No.                          Articles.                      Xb, 

01. 

No.                          ATttdisi                1 

1  Tnnic,            ....     3 

0 

Brought  fonrun^,         1 

1  Busby,  plume,  and  lines,        .     1 

13i 

1  Fonige-cii|i,    . 

1  l*iiir  leather  overulla  aoil  strajis,    3 

6 

1  Yrtli#*e,  . 

1  Fiiir  duth         tlo.            do.,  .     2 

74 

1  Cloak,  5  !^  &i  «.;  oaim,a* 

1  iStable-jiieket,          ...     1 

15i 

ibecz.,      .       .       .     1 

Curry  forward,       .  12 

lOJ 

♦  Bheeiunkfn  hnt««  with  the  t?ooI  \m\fi%  were  mnch  mad  by  tb«  Flvoeii  ti^om  [ 
defunre  of  Paris,  in  the  winter  of  187(K7I. 

t  Si  ace  thia  dute,  l\\«  oiiVij  <i\\wv\^%  V^  \?oui  f^V^lvtuitinn  of  long  bogtR  for  ^*^*^ti  < 
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Artklra. 
Brought  forward, 
00 1», 
fare, 


equipme:nts. 
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rbmah 


lintwera,  ea 
gioves,  eac 
cotton    socks, 
2i  oz.,      . 


h  ISJ  oz,, 
each  ) 


23 
3 
0 
3 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

1  ' 

0 


6 
0 

8 
6 

H 
2I 

2f 

1 

IJ 

n 
^ 

m 
9 


Carry  forward, 


35 


8i 


0.  Artlckd, 

Brcmgbt  forward, 
4  Brasa  paste, 

1  Hold-aJl 

1  Horse-rabber* 

1  Knife,  fork,  and  apoou, 

1  Pipe-clay  and  iipojige, 

1  Itezor,         -         ,         .         , 

3  Hhirte,  each  Id^  oz.,    . 

1  Hnttan  bnusa, 

1  8tock,  »         .         ♦         , 

2  Tfiwels,  73  02.  eacli,     . 

1  Stable  tr<iuscrs,  . 

2  Flannel  jocketa,  each  11  oz*, 

1  Oil  tin 

!  Pair  foot -straps, 

1  Mens -tin  ninl  strap, 
1  Accoujit-book,     . 


lb. 

OR* 

36 

8f 

0 

Si 

0 

4 

0 

n 

0 

H 

a 

2 

Q 

24 

2 

IH 

0 

H 

0 

H 

0 

16i 

1 

r> 

1 

« 

0 

24 

0 

04 

1 

14 

0 

n 

45        3^ 


WdfjM  of  Saddlery^  lO^A  Roynl  HitMsars, 


ArUdet. 


Ik 


IF  * 

6 

H 

K  . 

1 

H 

n 

2 

H 

Mli, 

4 

64 

K         * 

0 

H 

ther, 

1 

n 

BKlheTa,     . 

1 
1 

Hi 

34 

, 

0 

15 

1 

0 
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NCases  and  straps. 
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4 

iboea  and  nalk, 
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9 

iinij  bucket, 
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4 

iCarry  forward, 
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ArticJrH. 

Brought  forwartl, 
Shabraqut', 
NuTHDad, 
Com-sackt 
Noie-bag, 
riorae'brusb, 
Curry-comb,  . 
Sponge^ 
Hoof- picker,   . 
Sciiiaora, 
Horse- log, 
Haversack, 
Carbine, 

Poach-bclt^  ll|  oz., 
Poach,  12 J  or., 
20  rounds  amumnition,  824  oz, 
Waist-lwlt,  &c.,  1  lb  1  oz.. 
Sabreta^h  arid  slinj(8j  1  lb  &4  "^- 
Sword,  4  lb  10  02,, 
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Weight  of  cqnipmentB,     121       111 

Total  weight  of  HuHsar*  with  )  259         6  J 
all  hia  equipments,       .         .  (  or  1S4  Bt. 


Infantry. 


(Tticles  of  the  infantry  Pfdiiiens^  kit  bnvo  lM?en  filr*?Qdy  noted     Tli^  kit 
M  int<j  thn  semcu  and  the  surplu8  kit,  tlie  ktter  being  always  carric^l 
utit  by,  tho  man.     The  8fT\'ice  kit  eonsists  ol  the  clothes  ho  wears, 
lOine  duplicate  urtiLdes  and  oth<3r  neceijsanea. 
^  articles  consist  of  one  shirt  (12  ounces  in  weight  if  of  cotton,  19 


r  weight  and  height  of  tbe  men  in  theao  two  cavalry  res^^imonta— 
Hii\ght.  Weight  (ttftke^J). 

bft.     Ui.         ■      lb.       01. 
l>ra«)on  Guardi,  ......        5        H  I'M        ^ 


COXDinOKS  OF  SZRVICK 


oonctt  if  of  fiftonel),  ptir  of  aocJcs  (4  az.),  P^  of  tioi>MKi()S  or  J 
lug  to  kind),  pair  of  boots  (42  oz.),  towel  (B  ox.),  holti-«l],«iid  b^t 
spoon  m  OE.%  2  brushes  (6  oz.),  tin  of  blacking  (e|  oc.),  lon^c^j 
It  in  not  poficdble  to  state  ftccuratelj  the  ve^htn  of  all  tb<!  «rlkictr 
e^pment)  as  some  axe  now  being  tiered,  bat  tlie  f'lllowing 
comet ; — - 


Weight  of  clotlieg  cm  peison,  including  ahako^  winttr  tpoowtrs,  ( ** 

and  lcgging^ \ 

P«r»oDAl  necessftriea,  tijl,  semee  kit  in  TmUae^    .  ,  .         .      7 

GftJatcort, i 

Yslise  eqnipmeQt  for  ctnymg  neeesnriefl^  gmtccMt,  ami  shmu  1 

meat,  tiz.,  viili«e,  two  pouches,  b«U-b«g^  nupeudets^  vmki.  ^ 

belt,  frog,  ooat-«ttmpa, 

HsTensek,        ,...,. 

CanteeOt    .        ,        - 

Armameiitt  ▼ix.,  iHIb  sod  tling  <9  lb  8  ct.),  htky<mel  (1  IbJ. 

nmnition  (00  TOiiDd%  0 11^  wei>rlit  =  1  Tb  for  10  rounds  m 
Water-bottle  (new  pattern)  ind  watvr. 


In  war,  food  and  a  blanket  would  be  also  carried,  adding  j 
the  weight  By  omitting  40  rounds  of  ammunition  and  one 
of  the  peace  equipment  is  lessened  to  40  lb  ;  and  if  the  c4Uit 
carried  when  it  was  wanted,  the  weight  would  be  under  39  Ih. 
coat  with  the  cape  could  be  reduced  to  5  tb,  and  tlio  summer  troused 
boots  were  kift  out  of  the  valise,  the  weight  would  be  reduced  \mk 
and  still  the  soldier  would  have  really  everything  neceaaaxy  for  hisl 

Some  experienced  officers,  however,  consider  it  essaential  that  tl 
pair  of  boots  shouhl  be  always  carried  by  the  soldier,  No  doul 
sh^iiild  have  a  second  pair  of  boots;,  and  there  may  bo  eircumstauou^  \ 
of  fieace  when  he  might  desire  to  have  them  with  him  ;  but  aundj  ti 
necessity  for  liim  to  carry,  as  he  does  now^  even  if  ho  only  goes  on  m 
tme  day,  a  pair  of  boots  which  he  never  puts  on.  It  might  be  leltl 
cretion  to  carry  his  extra  boot«,  and  it  is  pretty  certain  he  will  take  dj 
they  add  to  his  comfort  So  uUq  with  the  second  pair  of  trousd 
fihniild  they  be  constantly  carried  when  they  are  scarcely  ever  wand 

In  time  of  war  it  is  most  important  to  have  the  soldier  aa  little  w^ 
]*assible.  Tin-  lori^  and  rapid  iiiarehea  which  have  so  often  decided  j 
never  lK't?n  madf  by  heavily  laden  men.  Tlie  health  also  suffei&l 
national  iinjKjrtance  that  the  soldier  e»hould  be  as  healtliy  and  aa  «| 
jMjatiible,  as  tlie  fate  of  a  nation  may  be  staked  on  the  proweee  of  j 
The  line  wliich  the  weight  of  his  necessaries  should  not  exceed  J 
drawn  with  the  utmost  care  j  if  his  health  suffers  more  by  carrying 
jM>unds  of  weij^ht  than  it  benefits  by  the  comfort  the  articles  ' 
him  to  his  certain  luas  1  Tlie  ovejSdoing  the  necessariea  of 
always  been  a  fault  in  our  army:  Robert  Jackson  noticed  it 
•*  It  is  a  mistake/'  he  says,  **  to  multiply  the  equipment  of  the 
view  of  adding  to  his  comfort" 

There  are  certain  artieles  of  material  comfort  to  a  man  oii 
or  wet  country,  ami  I  believe  some  alteration  in  the  pirieeiii 
-vv'ould  l*c  desimble.     I  venture  to  propose^  therefore,  some  alight 
The  gr(^t<x>at,  blanket,  and  a  waterproof  slieet  (or  portion  of  a  ahi*| 
to  keep  both  the  coat  and  blanket  and  the  man  himself  dry,  are 
utmost  importance ;  there  is  scarcely  anything  that  a  solditsr 


are  artioi 
titsr  mUbj 


EQUIPMENTS. 


fist 


sooner  than  these.  But  their  weight  is  consiilerahle,  nnd  it  is 
I  aacnfice  something  else  to  secure  them.  The  second  pair  of 
tearly  unnecessary,  and  if  lie  started  with  a  thoroughly  gootl  pair 
de  wat*irprt>of^  as  can  be  easily  done,  and  had  a  cheap  loose  shoe 
ight  put  oa  after  a  fatiguing  marcli,  and  if  proper  tninsjH>rt  wero 
r  due  renewalf  the  second  pair  of  bootn  might  l>e  left  out  A 
towel,  aocka,  brushes  (or  better  still,  a  small-tooth  comb  for  the 
prevents  vermin),  a  small  hold-all,  and  a  clasp-knife  and  8poon, 
►rise  all  that  would  ba  net^essary,  in  addition  to  his  haversack, 
and  provieiona  Tho  forage  cap  with.  wateq>roo£  cover  should 
Mi  for  the  shako. 

plan  were  followed  the  weight  of  such  a  war  equipmetit  would 
i; — 

I  oa  p^raoa,           . 10  U 

kit  in  valise,  viz.,  fihirt  (12  oz.),  towel  (8  as.),  tcnp  ) 

l),  1  bniati  (3  oz.),  hoM<All  (3  os.),  socks  {4  oz.),  shoos  V  3  0 
^X      -,..,...,        .j 

Mit»       . 4  0 

rroof  sheet  (with  appliances  for  tentage)^        .         ,        .  4  <) 

t, .         ,         .  4  0 

Bick  ftod  thrive  daya'  provisions,     .....  60 

bottle  and  2U  n.  oz.  ot  water 2  2 

a.  .... I  » 

Dqnipcnetit, 5  10 

bent  (with  sixty  rouii lis), 15  $ 

56      13 
r  i^eeasions  in  war,  as  he  would  only  carry  one  day's  provisions 
ida  of  ammunition,  the  weight  would  only  be  52  Jx     While  hn 
jOTO  comfortably  pmvided,  he  would  h&  h*sa  weighted  than  with 
qretem,  and  would  be  able,  if  it  were  required,  to  carry  entrench- 

»  equipment  proposed  by  General  Eyre's  Committee,  and  which 
w  at  lop  ted  for  the  army,  jKisseases  great  facilities  for  carrying  these 
rill  be  preseEtly  noticed. 

mi t tee  also  recoitimended  tliat,  instead  of  the  sqnml-bag  for  25 
ym  shall  have  a  sepirate  t^anvas  bag  for  his  miq^dufi  kit,  as  is  now 
board  shijj.  In  time  of  fieace  this  would  be  carried  for  him,  m 
ig  is  at  present ;  in  time  of  war  it  would  be  left  at  home^ 
roat  mo][ient  to  give  each  man  a  lj«g  for  surplua  kit  to  bimseli". 
m  the  men  to  take  care  of  their  things,  and  enables  them  to  pack 
rtftbly.  The  men  of  the  Army  Hospital  Corps  who  have  such 
Ad  me  tliat  they  End  them  in  all  respeota  preferable  to  the  squad- 

I  intereftting  to  give  the  weights  of  the  various  articles  carried  by 
'  soldier  of  tke  French,  Fru^ian^  and  Kusaian  anniea 

»|  of  Uie  dothiag,  ^qalptnettt,  aucI  kit  of  tke  Army  Hospital  Cotpa  1  luive  had 
"eMfolkiwi:— 

tb.  or. 
on  the  penon,  including  nhako  tad  l«ggiaga>  .  .  »  10  9 
Hi  oad  cape,   .,«,,.....  513 

it  and  Boialf  articlt*,       .        , S        2 

with  itimp4,  lie  It,  mcKfl-tin,  liavresack,  and  black  hog,    *        .  8        1 

mttle  {new  pattern)  with  watvPf      ...*.*  2        M 

tnjponionf  complete^        ....,-.•  i>      IS 

jQuk  for  ditto,  with  wmtefi    ,        .        ,       •        .  »         5      12 
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Toul, 74         i^ 

fv/Uif;  of  tLe  articles  are  not  always  earned  by  the  same  man.  sdcIi 
}iat/;L<;t,  iqAulhf  aiid  cofTe^mill,  £o  that  the  weight  mar  be  le^asened  to 
avenge  weiglit  carried,  66  ft»  to  71  ftu  The  shako  of  the  ziflemen  azu 
HhfjffUiTH  hi  H}jtjnt  Zh  fjz,  lij^ter  than  the  infantzr  befanet  The  Haa 
wei^liij  10  ff>  and  tne  bayonet  1  lb  8|  oz. 

IJii.'  liwtiiiATi  soldier  carries  70i  Si,  the  Anstrian  60  9^  and  the  Ita 
liK  ;  the  uiean  of  European  armies  being  66  lb. 

Ilie  njf:an  weight  of  the  rifles  carri^  by  European  in£uitxy  is  9  1 
of  the  Ijayofiet,  1  Hi  2^  oz. ;  and  of  each  cartridge^  l^  oz. 


*  TbUi  \iMM  >j«erj  ftooAXj  altered  to  the  Gfm  rifle,  bat  apptuentlr  without 

t  To  t}jt«  luiut  be  Added  for  water  in  the  water-bottle,  2  IK  3}  oz.  and  at 
if  t}ie  U:uX  be  damii.  making  a  tortal  of  nearl  j  76  lbs 
X  fUitb  and  Lex,  op.  cit.,  Bd.  III.  (1677],  p.  lia 
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^^r  SECTIO:^  YL 

IP      CARRIAGE  OF  THE  NECESSARIES  AND  ARMAMENT. 

The  equipment  of  the  cavalry  soldier  is  in  great  part  carried  by  the  horse ; 
txt  I  have  been  informed  tliat  the  mode  in  which  the  i;avalry  valise  is 
wnaged  is  not  comfortable  to  the  men.  The  toUil  weigJit  carried  by  the 
Mae  apfjears  also  to  be  large.  A  soldier  haa  personal  and  horse  equipments 
^ual  to  nearly  his  own  weight  I  ara  not  competent  to  pronounce  on  the 
Mos^ity  of  thisj  but  it  is  a  fact  that  in  light-cavalry  regiments  the  horse  now 
linies  nearly  19  stone  weight,  although  the  rider  is  on  average  under  10 
Sone. 

In  the  case  of  the  infantry  soldier,  who  carries  the  weights  himself,  the 
"PBftteai  ctire  h  necessary  to  place  them  in  the  manner  least  likely  to  detmct 
ttom  his  etticiency  or  to  injure  hia  health.  If  it  were  possiljle  tu  let  a  man, 
n  Eiircq>ean  eotm tries,  carry  nothing  but  his  annanient  and  water-bottle^  as 
n  India,  much  more  work  would  be  got  out  of  him,  longer  marches  would  bo 
Hade,  and  he  wt>idd  show  greater  endurance  on  the  day  of  acfciom  But  such 
III  armngement  is  impossible^  as  transport  could  not  be  provided,  and  the 
alternative  of  leaving  a  man  without  hia  necessaries  ia  not  to  be  thought  of, 
^t  it  amnot  be  too  strongly  impressed  on  all  commanding  officers,  that  every 
Hmce  of  weight  saved  is  a  gain  in  efficiency.  The  Prussians,  in  the  war  of 
1666,  obtained  waggona  whenever  they  c^^mld  to  carry  the  knapsaeka,  and  the 
lompaiisi »n  l>etween  the  condition  of  the  men  thus  relieved  ajid  those  who 
ould  n<jt  be  m,  was  striking.*  I  am  also  convinced  that  a  change  of  opinion 
nuBi  be  bi^iuglit  about  in  the  araiy  on  a  voiy  material  point  Some  officers 
jNilieve  that,  as  tlie  men  must  carry  weights  in  war,  they  oug]jt  to  eairy  tlnni 
{m  all  occa.sions  during  peace,  so  that  the  men  may  be  aeeustoraed  to  them  ; 
ilHd  tliey  attempt  to  strengthen  their  position  by  referring  to  the  custom  of 
lie  Komane,  ivho  exercised  their  men  in  peace  with  heavier  weapons  thaji 
lioee  used  in  war.  But  this  example  is  not  appHcable.  A  man  should  bo 
ixercised  in  the  highest  degree  in  any  way  which  may  develtqi  his  mussel es 
md  improve  the  circulation  through  his  lungs  and  heart  Any  amount  of 
ttliflciilar  exertion  (within,  of  course,  roasouable  limits),  any  degree  of  practice 
irith  weapons,  must  he  good  as  long  aa  hi^  body  is  unshackled  ;  but  if  ho  is 
loaded  with  weights,  and  es^wcially  if  the  carriage  of  the  weights  at  all 
joi pedes  the  action  of  the  lungs  and  heart.,  then  the  very  exertion  which  in 
>llier  circomBtancea  would  benefit  Idm  must  do  him  haruL  The  seldiur  must 
sarry  weights  sometimea,  but  it  abould  be  a  rule  not  to  carry  them  when  he 
lias  no  immediate  need  of  the  various  articlea  The  aim  sboulil  be  the 
soltivation  of  the  hieathing  power  of  his  lungs  and  the  power  of  liis  muscles 
to  an  extent  which  will  enable  him  to  hear  bis  weights^  at  thosti  times  when 
be  must  carry  them,  more  easily  than  if,  on  a  false  notion  of  accustoming  him 
to  thnm,  he  bad  been  obliged  to  wear  them  on  all  possible  occasiena 

Sutlicient  practice  w^itli  the  weights  to  enable  a  man  to  diEjvose  them  com- 
fortaltly,  and  to  make  him  familiar  with  them,  sliould  of  course  be  given  ;  hut 
I  very  short  teaching  vnR  suffice  for  this. 

The  weights  wliich  an  infantry  soldier  baa  to  carry  have  already  been 
itatad ;  the  mode  of  disposing  of  them  bos  now  to  be  considered 

♦  See  Mr  BoMtcM;k^8  ahlu  Report  in  tlie  Anny  Merlicul  R*iM)rt,  vol.  vil  p,  359. 

I  liATe*fl«e(ii  a  iHUiV  from  a  PniaHiaii  ollit**r,  hifih  in  rank,  flud  eertain  to  know  tlie  foctj  atat- 
{w  that  tbe  diJTeruucQ  in  the  be&llh  of  tb«  Pnis^siaii  soldiara  who  corritid  the  km^paacks  In  tbo 
Boll  em  i  All  marches  m  18^,  oucl  tho^o  vrho  did  not,  wa»  remarkable,  Tlie  mea  who  bad  not 
laarried  their  mck«,  though  thev  had  not  had  the  tMimfort  of  thoir  n«eesiariea,  were  fresh  and 
yigoman  and  m  hiffh  spirita  ;  tiioBO  wlio  had  carriod  tbi5Ui,  on  Iha  otUiit  biu»\,  ^%t^  com^^ift 
Lively  wom  ami  oxbauvteJ.    Aad  thht  wmb  with  the  best  military  kuav&a.ck  XXwTiVuQ^tv. 
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Weights  are  most  easily  bome  when  the  fgllowing  pomts  are 

tO!— 

1.  They  must  lie  aa  near  the  centre  of  gravity  as  possibla  In  the 
pojiition  the  centre  of  gravity  is  hetwet^ti  the  pelvis  and  the  centix*  of 
tiody,  iiauiilly  Hiidway  between  the  umhilicus  and  pubis^  but  Tarring  of  o 
with  the  iMtsitiun  of  the  body  ;  a  line  prolungtxl  to  the  ground  |>asae8 
the  astragalus  just  in  front  of  the  os  calcis.  Hence  weights  canieil  on 
liead  or  Uip  of  the  shoidder,  or  which  can  l>e  thrown  towards  the  een 
the  hip  bonesj  are  carried  most  easily,  bi*ing  <iirectly  over  the  line  nf  the 
of  gravity.  Wlien  a  weight  is  carried  away  from  this  line  the  centre  of 
IB  displaced,  anrl,  in  proportion  to  the  adiled  weight,  occupies  a  p^^int  mtmm 
less  distant  fiNtni  the  usual  site  ;  until,  perhapa,  it  is  so  far  removetl  from  tim 
that  a  line  prijlonged  downwards  falls  beyond  the  feet;  the  man  thou  fdi^ 
unless,  by  I  (ending  his  body  and  bringing  the  added  weight  ntjaxcr  theeenti^ 
he  keep  the  line  well  within  the  space  which  his  feet  cover. 

In  the  distribution  of  weights,  then,  tho  first  rule  is  to  keep  th©  wei 
nei»rer  to  the  centre  ;   hence  the  old  mode  of  carrying  the  soldier's 
viz.,  on  the  hack  of  the  knapsack^  h  a  miBtake^  as  it  pate  on   weight  at 
greatest  posail>le  tb stance  from  the  centre  of  gmvity. 

2.  The  weights  must  in  no  case  compress  the  lungs,  or  in  anj  way  in! 
with  the  n^spiratory  movement*^  or  the  elimination  of  carliomc  aeid^  or 
the  transmission  of  blood  through  the  lungs,  or  render  diHacult  the 
the  hciirt. 

3.  Kt>  important  mus<des,  vessels,  or  nerves  shoidd  he  pressed  upon. 
38  6elf-tnd<lent  ;  an  example  may  be  taken  from  the  late  liegidation  pack^ 
arm-straps  of  wliich  so  pres.sed  on  the  axiUary  nerves  and   veins  as  to 
numbness,  and  often  swtdling  of  the  hands,  which  1  have  knuwu  hA 
twenty-five  hours, 

4.  The  weights  should  be  distributed  as  much  as  posaible  orer  aeveiil 
of  the  iKidy. 

If  we  consifler  the  means  made  nse  of  by  those  who  carry  groat  wiei|^l% 
find  the  fullowing  points  selected  for  bearing  them  : — 

1.  The  top  of  the  head.     The  canse  of  this  obvious  ;   the  weight  w  « 
pletely  in  the  hne  of  centre  of  gmvity,  and  in  movement  is  kept  bahincetl 
it     Of  course,  hfjwever,  very  great  weights  cannot  be  carried  in  this  ^vay 

2»  The  ttps  of  the  scapula^  just  over  the  supra-spinous  fossa   and  rii] 
Afc  this  pnint  the  weight  is  wed  over  the  centre  of  gravity,   and  it  b 
ditliifltjd  t^ver  a  large  surface  of  the  rilis  by  the  pressure  on  the  acajiula. 

3,  The  hip  bones  and  sacrum.     Ham,  also,  the  weight  is  near  the  oeiillt  ct 
gravity,  ami  is  bome  by  the  strong  bony  arch  of  the  hips,  the  stroc^gOBl 
of  the  body,* 

In  addition,  great  use  is  always  made  by  those  who  carry  great  weigfalt 
the  system  of  balance.  The  j>ackmau  of  England  nsed  to  cany  fnim  40  h 
even  60  D>  easily  thirty  miles  a  day  by  taking  the  top  of  the  ecapuhi  fot 
fixed  point,  and  having  half  the  w^eight  in  front  of  the  chest  and  half  hefaiiid. 
In  this  way  he  sfcdj  brought  the  weight  over  the  centre  of  gravity.  The  mB» 
point,  and  an  analogous  system  of  l>a]ance,  is  used  by  the  milkmaid,  who  can 
carry  more  weight  for  a  greater  distant^  than  the  strongest  guardaman  equipped 
with  the  old  militaiy  accoutrements  and  pack. 


~* 


i 


•  The  Rtrlsengwgcd  in  gfiineof tbe  Trorlts  m  ConiwaH.  omry  imnienfls  baps  or  Iwmptv^  of* 
up  steep  hilh  by  rcjitin^  the  lower  part  of  the  fiack  on  the  hip  and  wicram,  and  th«  upv^  j 
nn  tbe  Bcapuln.  It  ia  the  same  positron  as  that  taken  by  the  l^rkiah  porUw,  who  irUI  (- 
600  imd  SOO  ik  HOfne  flisUDce  ;  ih«y  abo  sotoetitnet  haw  a  band  raiuia  th«  foi^im^  I 
to  the  top  of  tbo  weight. 
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Than  pomts  must  guide  us  in  arrawging  the  freights  cftrrieti  by  the  eoklier. 
The  weight  on  the  head  is,  of  course,  out  of  the  question.  We  have,  then^ 
UkQ  Bcapulff*,  the  hip,  and  the  principle  of  lialance,  to  take  into  conaidemtion. 

In  our  anny  the  carriage  of  th<3  kit  and  ammunition  has  jtlways  bof'n  felt  to 
he  &  dithcuhy,  and  many  have  Immju  the  changes  in  tlie  infantry  knapsacks 
since  the  close  of  the  Peninsular  war.  The  method  of  carnage  which  was 
formerly  in  use,  though  better  than  aome  of  the  older  plans,  had  grave  defects, 
and  it  hae  now  Ix^n  auperseded  by  the  new  equipment* 

The  new  infantry  equipment,  proposed  by  a  War  Office  Committee,  ap- 
pointed by  Loni  deGrey  in  1864,  and  of  which  General  Henry  K3Tewas  the 
presitlent,  was  devised  for  the  purpose  of  enabling  the  infantry  Holdier  to  carry 
ids  weights  with  greater  comfort  (anti^  the  re  fort?,  to  enable  him  to  march 
ffirtheri,  and  especially  to  do  away  with  any  chance  of  injuring  his  heart  and 
bmga.t     Tliis  committee  have  presented  four  reports  to  the  War  Office*! 

Considemble  difficulty  was  found  in  fixing  the  bf^t  equipment ;  in  addition 
to  all  the  points  already  noted,  simphcity  and  durability,  and  as  much  frc'edum 
from  acciflentiil  breakage  aa  oould  be  insured^  were  e^ajential  ;  facility  of  re- 
moval and  refMljuatment  for  emergencies,  adaptation  for  various  conditions  of 
aervice,  and  suitableneas  for  railitary  exerciiies,  had  all  to  be  conaidered.  After 
paasing  in  reWew  all  the  known  plans,  and  experimenting  on  a  lai^  scale,  the 
committee  at  last  recommended  a  plan  which,  after  an  extended  trial  in  many 
regiments,  and  being  submitted  to  the  opinions  of  ^many  officers,  has  been 
linally  authorised  and  issued  in  place  of  the  old  pattern. 

The  new  equipment  is  essentially  baaed  on  the  yoke  valise  plan  of  the  late 
Colonel  Sir  Thomas  Trou  bridge,  C\B.,  who  had  been  for  many  years  experi- 
menting  on  this  subject  ;§  but  it  is  greatly  altered  in  details  in  order  to  avoid 
the  use  of  copper  or  iron  rods.  The  two  great  principles  are  to  use  the 
scaptdn  and  the  sacrum  in  about  equal  proportion  |^  earners  of  the  weight, 
and  to  place  the  weights  as  near  to  the  body  as  possible,  and,  aa  f ar  as  could 
be  done,  in  front  as  well  as  behintl,  so  as  to  avoid  the  displacement  of  the 
centre  of  gravity.  The  great  advantage  of  using  the  sacrum  as  one  of  the 
points  of  support  has  been  very  apparent  in  the  tnals  of  the  valise  plan.  In 
thai  way  only  can  the  chest  be  thoroughly  reheve^l  ;  a  very  great  weight  can 
be  carried  without  injury  if  it  is  necessary,  and  apart  from  that  a  mechanical 
aiivantage  of  no  small  moment  has  been  obtained.  For  the  effect  of  placing 
the  kit  and  ammunition  low  do^^Ti  is  to  free  the  large  muscles  of  the  shoulder 
and  back  from  the  impediment  wliieh  hinders  their  action  when  a  knapsack 
of  any  kind  is  carried  in  its  usutd  |ilace  ;  the  bayonet  exercise  can  therefore 
be  much  better  perffirmed  ;  but  more  than  this,  the  soldier  engaj:i:ed  in  a  per- 
sonal struggle  iM  in  far  better  position  than  with  a  knapsack  ou  the  upper  part 

*  In  the  former  editioiw  deBcriptioDS  were  given  of  the  oboolets  Regulation  equipfueut,  and 
of  Tarioi»  olber  pUns.    But  it  hm  been  thought  unnecseeMry  to  reprat  th<»e, 

f  In  the  ohaptar  on  Homk  Bhrvics  are  giT«D  the  facts  about  the  anioont  of  heart  and 
Teasel  diMSSi  in  the  army.  It  appears  to  be  rmj  large,  and  to  b«  attributAblt^^  in  part  at  any 
rata,  to  exerciae  under  nnfaronroDle  conditiona.  It  u  not  oonfined  to  ihe  infantry,  but  ii 
aonmum  to  all  branoba^  aSMi  jperbapa  the  diaeaae  of  the  veeeela  ii  even  greater  in  degree  in  the 
eavalty  and  artillery*  Mr  coueague,  Piofeiaor  Maclean,  called  the  attention  of  the  aathoritrea 
to  this  matter  in  a  ■triking  lecture  delivered  at  the  Boval  United  Service  Infttitution,  and 

}>ubliAbed  in  the  Journal  of  the  Inititution,  voL  viiL,  ana  from  which  i-xtmcta  w<;re  given  in 
omier  editiont.  The  army  in  greatly  indebted  to  l>r  Maclean  for  his  clear  exponition  on  this 
Soint.  The  Urit  Beport  of  the  Committee  on  Knapaacka  contains  the  evidisnce  to  that 
ate. 

X  Reports  of  the  Committee  appointed  to  inqiitni  into  the  effect  on  health  of  the  prc*ent 
■y^m  of  earryiog  Ihe  Acooutrem«nt«r  Ammunition,  and  Kit  of  Infaulry  Soldivm.— First 
Report,  iaS5  ;  lecond  Beport,  1^67  ;  third  and  fourth  Reports^  18d8, 

I  Sir  T.  Troubridge'i  equipment  will  l>6  fonnd  di!4cribed  and  fignied  in  the  2d  edition  of 
tma  work,     I  have  been  informed  that  he  had  zoade  expcrlmenta  on  this  subyBc^  l^stinsst^. 
than  fUtaea  ymt«. 
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of  tile  back  ;  for  in  tho  latter  ease,  the  centre  of  gravity  being 
(raised  and  carried  backwards),  tiio  man  ha^  alrt*ady  a  tendency  to 
whicb  tells  serioufily  against  him.     In  the  new  equipment,  on  the  controryj 
the  great  weights  being  all  Ik? low  the  centre  of  gravity,  rather  tend  to  kc^ep 
man  steadier  and  firaier  on  his  lege  than  otherwiae. 

In  ortler  to  gain  these  advantages,  and  ako  to  lessen  the  weight  of 
et^itiipment,  the  framed  knapsack  waa  abandoned,  and  a  bag  or  vaUse  gul 
tilted,  wliicli  is  large  enough  to  carry  the  service  kit  and  some  provi^oiuL 

The  wootlciita,  althongh  not  very  complete,  will  give  a  general  notion 
this  plan,  which  is  indeed  not  diliicnlt  to  comprehend,  as  it  is  remarka^ 
simple.     The  total  weight  of  the  wliole  equipment,  as  intended  for  acli^ 
service,  is  5  fi>  8  oz. 

In  the  first  figure  the  i>eace  equipment  is  seen.     There  is  a  single  pouch 
frunt,  which  can  be  si  lifted  to  one  side  so  as  to  allow  the  waist-belt  to 
opened.     The  straps  running  up  over  the  shonlder  from  the  nogs  are 
broad  on  the  scapulga,  they  cross  on  the  back  like  a  common  pair  of  b] 
and  then  catching  the  top  of  the  valise  on  the  other  side  by  a  backle,  nm 
under  the  arm  to  the  ring  on  the  opposite  side  from  which  they  si 


Fig.  110. -No.  1.  Fig.  lll.-No.  i. 

Prom  this  ring  a  strap  runs  to  the  bottom  of  the  valise  which  is  placed  l 
on  the  sacrum,  as  seen  in  the  second  figure  ;  by  this  arrangement  tht*  ^ 
of  tlie  valise  is  thrown  partly  on  the  shoulder,  partly  on  the  sacruni,  and  It 
also  thrown  forward  in  a  line  with  the  centre  of  gravity.  From  the  rin^ 
another  strap  runs  to  the  waist-belt  and  supports  the  ammunition^  which  thus 
balances  in  part  the  weight  behind- 

In  full  Bcrvice  order  two  pouches  are  carried  in  front,  aa  seen  in  the  thiid 
Hgure,  each  holding  '20  rounds  •,  there  is  also  a  ball-bag,  intended  to  hcdd  locw 
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cartridge  tot  rapid  firing,  in  which,  if  there  he   necessity,  20  or  even  30 
cartridges  caa  b*  ^ut     There  is  provision  in  the  valise  for  20  mora 

The  greatooat  is  phiced  above  the  valise,  and  being  soft  gives  no  ohstruc- 
tion  to  the  action  of  the  niUBcles  of  the  shonWer. 

The  canteen  can  he  carried  as  shown  in  the  second  figure ;  hut  many  ofliccia 
prefer  carrying  it  on  the  valise,  where  there  are  two  lo<->p8  intended  for  it 

This  equipment  is  very  easy,  and  leaves  the  chest  perftjctly  free  ;  it  is  very 
simple  both  in  [principle  and  construction,  and  afibrda  many  facilities  for 
«*arriage  iif  articles,  such  as  the  haversack,  the  water-bottle,  blanket,  <fea, 
wliich  will  prove  veiy  useful  on  service.  It  is  of  more  ini]Kirtauce  to  nota 
liwre,  that  it  certainly  answers  all  medical 
ro  luirements ;  and  as  it  kaves  the  man  very 
fr«3e  and  unincumbered  in  liis  movements, 
it  does  away  entirely  with  the  stitl  nnniili- 
tary  ajipeamnoe  produced  by  thu  old  j)lan. 

There  seems  only  one  sanitary  point 
which  has  been  uiged  againat  tliis  e-iuip- 
ment,  and  that  is,  that  a  good  deal  ot  tJiu 
back  is  cuvered,  and  that  perspiration  col- 
lects under  the  valiaa  Whatever  equip- 
ment be  used,  there  must  he  retention  of 
perspiration  under  the  covered  parts ;  this 
is  inevitable,  and  is  produced  by  any  knap- 
sacL  The  vaHse  equipment  is  no  excep- 
tion to  the  nde,  but  it  is  singular  how  little 
jieiTspiration  really  collects  under  the  valise 
if  the  man  knows  how  to  manage  it  By 
allowing  the  top  of  the  vaUtM^  to  fall  back 
half-an-incli,  a  spjace  is  left  between  the 
greater  part  of  the  valise  and  back,  which 
allows  evaporation,  and  the  loins  are  kept 
oooL  Un  the  march  also,  when  the  waists 
l*elt  is  unhuokled,  Ixith  the  valise  and  great'- 
roat  hang  loost^ly  and  away  from  tlie  body,* 
and  evaix)ration  goes  om  I  believe  that 
practically  there  will  be  found  less  accumn- 
latiun  of  ijerspiration  than  with  almost  any 
otlier  plan.t 


Fig.  112. 


SECTION  VIL 
WORK  OF  THE  SOLDIER. 
The  kind  and  amount  of  work  in  the  different  arms  of  the  service  is  00 


*  The  armyf  who  will  in  time  to  come,  And  esp«ciii]l3r  in  war,  feet  the  benefit  of  tbii  aimngv- 
meut  (for  tlkouffh  deiaib  idav  be  klterod,  I  believe  the  principid  of  the  yaliae  eqaJptnetit  win  be 
aIwaji  maiiitAtiied),  thould  know  how  much  It  owes  to  General  Eyre,  the  PMdent  of  the  War 
Offioa  Gofamittee  on  iKjuiwaoks,  who  laboured  at  thU  matter  with  conataiit  induatry  and 
fiereeverance  for  TMUVi  Kon  left  nothing  nndone  to  bring  the  question  to  &  satisfactory  end, 

f  I  refer  to  toe  Sa  edition  of  thia  work  for  ftgiurea  and  cleacriptiona  of  the  continental 
pUna,  and  to  the  Reports  of  the  War  Office  Committee  on  Knapeocka  and  Acooutramenta,  lor 
fuller  details  than  caa  be  giTen  here. 

The  *'  Magaxiiie  acoontrements/*  inrented  by  Sargeoa-nu^or  W.  a  Oliver,  A-  M.D. ,  cm  now 
under  trial  at  Alderabott,  and  have  been  very  Csvonjably  reported  upon.    They  appear  to  be 
even  easier  than  the  valise  e<]uipment,  and  are  leas  oompUcated  in  their  Atting»  ;  they  prorids 
pit  the  carriage  of  more  amniimition,  and  leave  tbt  bade  trm  for  transpiration,    TU^t*.  \&  i^afo 
•  li^hi  water-proof  cape,  which  can  be  used  aa  a  ibaet  or  portioaof  tk  aWVet  \s^V.-A^ .  ^  C^S 
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dtKmii  thai  it  is  unpoaBtble  to  linng  il  under  • 
the  artillery,  cleaning  liorsea,  gnna,  caniaiges^   anfl 
drill ;  in  ^e  cavalry,  clentuog  of  hoiae 
special  arm  ;  in  the  infantiy,  drill,  and  btRBek  and 
cleaning  of  anns  and  accontjementa,  are  all  kinds  of 
which  is  not  easy  to  eetixnate. 

Much  of  the  work  of  the  ardUery  and  caTaby  im  hi^tdj 
and  the  fine  well-developed  mosclea  abow  Uial    all  poita  of 
properly  exerciised.     Some  of  the  wofk  (aach  aa  gun  dtill  tir  i 
id  bard,  and  even  violent^  and  the  great  amount  of  watmmmm  in  batli  li 
men,  as  well  aa  in  the  infantry,  has  led  to  the  iden  tim^  ^km  nnttMe  i 
too  aevere,  or  ia  performed  nnder  nnfavonrable  coodiliaii^  w&A  m 
equipments  or  too  tight^fitting  clotbea.     Althofogb   Tiotent  wbBe  tt  !■ 
aeems  questionable   whether  the  work  is  eo  Beretv    ns    tbai  whit^ 
mechanics  undergo  without  injury ;  it  may,  hcywwrei^  1m 
rapid,  and  the  heart  may  be  brought  into  more  yfMeat  action*     l!lie  i 
under  which  the  work  ia  done  are  certainly  lees  favooxmbla  Unam  in  l^i 
of  the  mechanic,  who  is  never  embarrassed  by  wei^ta  or  tiglil  ifetbfa 

In  the  infantry  the  amount  of  aneurism  is  aligbtlj  beloir  tint  of  Ifaf  i 
arms,  but  not  much  so.     The  hard  work  in  the  in^intrr  ia  the  : 
when  the  weights  are  carried,  bayonet  exerrie^,  and  loo^  mmvcbog 
severBy  it  is  not  ao  excessive  as  to  lead  us  to  think  it  ^ronld 
strong  men  if  all  circimiBtBiiieei  were  favourable. 

During  war  the  amount  of  labour  undergone  ia  sometimca  ootcc 
be  clear  from  what  is  said  in  the  next  section,  and  in  lh«  mpid 
modem  timea,  very  young  and  weakly  men  are  soon  exhMstai. 

A  soldier  requires  to  be  trained  for  the  ordeal  of  actiiie  acrrloEv 
now  done  in  our  army  by  a  series  of  gymnastic  exereiaeB  ukI 
marches,  intended   to   develop  every  muscle,  to  make    the  aitiile^  m  h  I 
cavalry  man  able  to  vault  on  his  horse,  and  the  foot  0oldi«r  tm  run  aa^  ^ 
escalade,  and  to  march  great  distances  without  fatigue. 

Oyjfmadic  Ejeerd^eit, — All  military  nations  have  lased  in  tiicir  ami*  * 
system  of  athletic  exercises.  The  Greeks  commeneed  sncli  riTUTiiMJ  vl* 
the  increBae  of  cities  had  given  rise  to  a  eertain  amount  of  awidiitiij  1^ 
The  Komans  began  to  use  athletic  training  in  the  eady  dajs  ci  ^km  ] 
entirely  with  a  view  to  militar>'  efficiency.  The  exerdsee 
and  were  not  alternated  with  periods  of  eomplete  idleneaa. 

The  officers  exercised  with  the  men.     At  a  later  day,  we  mtm  UU  llj^ 
Marius  never  missed  a  single  day  at  the  Campus  Martins  ;  and  IVnpcj  ki 
by  Sallust  to  have  been  able  at  fifty-eight  years  of  age  to  run,  jiunp^  i 
a  load  as  well  as  the  most  robust  soldier  in  his  army. 

Swimming  was  especially  taught  by  the  Romans,  and  so  eSBenliil 
gymnastic  exercises  deemed  that^  to  express  that  a  man  vn 
ignorant,  it  was  said   "  he  knew  neither  how  to  read   nor   ewinjL" 
gymnastic  exercises  were  the  last  of  the  old  customs  which  disappoaied  1 
the  increasing  luxmy  of  the  latter  empire. 

In  the  feudal  times  the  practice  of  the  weapons  was  tlie  best 

eocercise  }  every  peasant  in  England  was  obliged  to  pactue  with  the  bow ;  ^ 
noblemen  underwent  an  enormous  amount  of  exenslsfl^  botii  witk  and  witlMii& 
arms,  and  on  foot  and  horseback. 

After  the  invention  of  gunpowder  the  qualities  of  elvei^gUi  aad  9§Slf 
bocame  of  less  importance  for  the  soldier,  and  athletic  training  wtm  ^M- 
tinned  every whera  But  within  the  last  few  years  the  changing  cottdilkni  d 
Siodsm  warfare  have  again  demanded  from  the  soldier  a  degx«e  of  < 
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anil  of  rapidity  of  movonifnt  which  the  wars  of  the  ei^'h tenth  ceotiiry  Jid 
nut  require*  And  th«  jKJpitktiou  generally  of  this  country  have  of  kte  ytnirs 
htscamu  aUve  to  the  uecesiiity  of  coriiponsaling,  by  gome  artilicial  systi-'m  of 
iuui*cut;u'  exerciBe^  the  sedentary  life  which  so  many  le^id. 

In  our  own  time,  the  hrst  regular  gymoasium  appejint  to  have  been  estah- 
Habed  lit  Hcliwefental,  in  Saxony,  by  Saltzmaun,  with  a  view  of  givin;,'  health 
io  the  body,  atrengthcaing  certain  miwclea,  and  remedying  d(*f<>niiitie?. 
AVM>ut  forty  years  iigo  Ling  also  commence*!  in  Sweden  tbe  aystem  of  iiiove^ 
inetita  whicb  have  made  hia  name  so  celebrated*  BwitJEcrland,  Sixain,  and 
France  followed,  and  of  late  years  in  Gsrmany  many  gymnastic  societies 
(Turner-Verein)  have  been  founded  in  almost  aU  the  great  cities,  and  th*.'  litera- 
ture  of  gymnasti^ism  is  now  a  large  one.  In  our  own  country,  tbe  outdoor 
and  vigorous  life  led  by  the  richer  chisses,  and  by  many  working  men, 
rendered  this  movement  less  necessary,  but  of  late  years  aocietiefl  liave  been 
formed,  gymnasiA  established,  and  athletic  sports  encouraged  in  many  places. 

Among  armiea,  the  Swedish  and  Prussian  were  the  first  to  attempt  the 
physical  training  of  their  soldiers.  Franc©  followed  in  1845,  and  ever  since 
a  completre  system  of  gymnastic  instruction  has  been  carried  on  in  the  Frencli 
army,  and  a  military  gymnastic  school  exists  at  Vincennes,  where  instructors 
for  the  army  aiv  taught. 

In  tlie  English  army  this  matter  attracted  less  attention  until  after  the 
Crimean  war,  when  the  establishment  of  gymnasia  as  a  means  of  tniining  and 
recriMtion  were  among  some  of  the  many  reforms  prtijected  by  Lord  Herl*ert. 
In  1859  General  Hamilton  and  Sir  G.  Logan,  lately  Director-General  of  the 
Army  ^fedical  Department,  were  sent  over  to  inspect  tbe  systems  in  use  on 
the  Continent,  and  presented  a  verj-  interesting  Ileport,  whicb  was  subse- 
quently published.  A  grant  of  money  was  immediately  taken  for  a  gymnasium 
at  Aldershot,  and  this  has  now  been  in  operation  for  several  years,  under  the 
direction  of  Colonel  Hammersley,  with  most  satisfactory  results.  Gymnasia 
are  now  ordered  to  be  l»uilt  at  all  the  large  stations,  and  a  complet*'  code  of 
instiuctions,  drawn  up  by  Mr  Maclaren  of  Oxford,  is  published  by  anlbority.* 

The  instructiona  have  two  great  objects — lirf,  To  assist  the  physical  develop- 
ment of  the  lecruit  ;  2ti,  To  strangthen  and  render  supple  the  frame  of  the 
trained  soldier.  Every  recruit  is  now  ordered  to  have  three  months'  gymnastic 
training  during  (or,  if  judged  exi>edient  by  a  medical  oflScer,  in  lieu  of  part  of) 
his  ordinary  diiiL  Two  montha  are  given  before  he  commences  riile  practice, 
and  one  month  afterwards.  This  training  is  superintended  by  a  medical 
officer,  who  will  be  responsible  that  it  is  done  properly,  and  who  will  have 
the  power  to  continue  the  exerciser  beyond  the  prescribed  time,  if  he  deems 
it  necessary.  The  exercise  for  the  recruit  is  to  last  only  one  hour  a-day,  and 
in  addition  he  wiU  have  from  two  tri  three  hours  of  ordinary  drill 

The  trained  infantrj^  soldier  under  ten  years'  serrice  is  ordered  to  go  through 
a  gymnastic  course  of  three  months'  duration  every  year,  one  hour  tieing  given 
every  other  day.  The  cavalry  soldier  is  to  be  taught  fencing  and  sword  exerdBe 
in  lieu  of  gymnastics. 

The  Code  of  Instructions  drawn  up  by  Mr  Maclaren  consists  of  two  parts, 
elementary  and  advanced  exepciftea.  The  exercises  have  been  arrangiHl  with 
Tery  great  care,  and  present  a  progresBive  course  of  the  mo^t  useful  kind. 
The  early  exercise  commences  with  walking  and  running  ;  leaping,  with  and 
without  the  pole,  follows ;  and  then  the  exercises  with  apparatus  commence, 

♦  A  mtlfUnr  tfu^vm  of  Gymawtte  Exeretwa,  by  ArchfUM  MacliireTi,  AdjuUat-Gfloemrii 
OflBcei  Honie<GiiiJdii»  18H2.  Mr  MAclaren  hu  aUo  publiahod  two  other  workit  of  greiit  atilitv  v 
a  SyttetD  of  Trmloing  aad  Physical  £daofttiou.    This  list  work  ihould  be  m  \.\ak&  \a\^  d  ^«r5 
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the  order  being  the  horizontal  boaixit  the  vialtiiig  bar,  and  lb  tioltiiisl 
All  these  are  called  exercises  of  progMsioiL     Theelemeaterytii 
XVL^  with  the  parallel  bars,  the  pair  of  rings^  the  row  of  nn^  the  ( 
ladder,  the  horizontal  bar^  the  bridge  ladder,  and  the  ladder  pUuiL 
follow  the  advanced  exerciaea  of  climbing  on  the  planting  and  THtiad  | 
the  slanting  and  vertical  rope,  and  the  knotted  rope. 

Finally,  the  moat  advanoed  exerciaeB  consifrt  of  eacaladiii^  fittl 
wall,  and  then  against  a  prepared  building. 

In  the  French  army  swimming  and  singing  are  also  taught    Botl 
useful  ;   the  singing  is  encouraged^  not  as  a  matter  of  amuaemimi  ^U 
is  very  uaeful  in  this  way),  but  a^  a  means  of  improving  the  hmgi. 

Swimming  should  be  considered  an  essential  part  of  the  soldier » t 
and  it  m  prolwible  tliat  it  will  be  syatematicallj  biught  in  the  Engliiki 

Kobort  Jackson  very  strongly  recommended  that  dancing  should  hit 
and  encouraged.     There  is  sound  sense  in  thia  ;    a  spirited  dance  1 
play  many  muHcleH,  and  in  a  well-aired  room  is  aa  good  an  exardidlii 
taken.     It  would  alao  be  an  amusement  for  the  men. 

Duiiee  of  the  Officer  in  the  Gtfmnagiufn, 

The  Medical  Regulations  onler  the  inspecting  medical  officer  and 
to  visit  iind  fldvise  on  the  kind  and  amount  of  gymnastic  exercia* 
Queen's  Keguliitians  (Para.  1360)  order  a  strict  medical  exanmutkut 
man  b^'fore  the  instruction  is  cotmnencedL     During  the  C45ur^  further 
tions  are  to  be  maiie— of  the  recruits  once  a  fortnight^   of  traifud 
monthly.     The  measurements  of  the  recruit  are  also  to  be  taken  m 
direction  of  the  medical  officer.     The  following  points  should  l>e 
regard  to^ 

1.  Heeruifs. — The  recruit  is  inspected  from  time  to   timei  to  aiil 
system  agrees  with  hiuL 

(fi)  Weight. — The  wi-ight  of  the  body  should  b*?  ascertained  at  ttl 
ning  and  end  of  the  course,  and  duni^  it^  if  the  K>cruit  in  any  way  ea 
With  eu  flic  lent  food  recruits  almc^st  always  gain  in  weight,  Uierefoie 
of  WHght  should  at  once  call  for  strict  inquiry.     It  may^  be  the  n 
being  overdone,  and  more  rest  may  be  necessary.     But  in  order  toi 
greatest  error,  the  wi^ights  must  be  carefully  taken  ;    if  they  are 
times  of  the  day,  without  regard  to  food,  exercise,  &c,^  accuracy  is  im[ 
there   may  be  2  lb  or  3  fi  variatioa     The  physiological  practice  i 
experiments   is  to  take  the  weight  the  first  tiling  in   the  morning  ^ 
breakfast,  and  after  emptying  the  bladder.     If  it  caiinot  be  dont?  al  ^ 
scarcely  any  reliance  can  be  placed  on  the  result     Food  alone  may  n 
weight  2  Ih  or  3  Ui,  and  we  cannot  be  sure  that  the  same  quantity  of 
taken  daily.     The  clothes,  also,  must  be  remembeivd  ;   men  should  beH 
naketl  if  pos^^ihle,  if  not,  in  theii'  titmsers  only,  an*!  always  in  the 

(b)  Ileojht. — This  3.s  usually  taken  in  the  erect  position.     Dr 
rcconuuendfl  it  to  be  tjiken  when  tht^  bo<ly  is  stretched  on  a  horizonlal 
A  series  of  vxperiraents  on  both  plans  would  be  very  desirable. 

{c)  Gtrih  of  Oud. — The  cheat  ia  measured  to  ascertain  its  absolati 
and  its  amount  of  expansion. 

It  is  best  measured  when  tlie  man  stands  at  attention,  with  th^ 
hanging  ;  and  the  tape  should  pass  round  the  nipple  line.  Tlic  douW 
(the  junction  being  piaj:ed  on  the  spine)  is  a  great  improvement  pi 
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e«?s  ^:«cli  l»  tailed  ix  tk»  fwBmik  exfcnlMi  sad  IwftKt  hmn 

i  ibe  R«cnkxk«i5  im  &Mi«mi||^  tk»  aotpalje  SttT  lk^»w  oat  lli»  t^^ 

f  Imffirji€ty  Bmmer^  at  cxpnned  ^  ^be  spiioiMm;  an^  dbo  W 

miM  1^'  JTsjirJAL — ^Tte  is  kwyvm  br  i^wlu^  Uie  mediie  wIm^ 
od  in  acdoQ,  «iki  br  iiaAqmaeateL.  Ibe  aMfesuranMit  ol  lli»  ^H<f^ 
ui  1^  tAken  eiibsr  wben  tke  ant  is  be&l  otct  Uie  wm^  nvHWumil 
bs  bkeps.  or  over  the  tlikkwt  part  wben  Uie  ana  is  ^xIimmUl 
■i-r»rf  C^h'tiom  of  ff'foitJL — ^IHg!etsl)oiii,*sW|s  complexkMU  «J^  TV» 
m^cid  ako  be  inspected  dniing  the  time  of  exetri9i\  to  vattb  the 

£5§  bean,  lun^  and  mmdesL  In  coBUBencaig  tndiiing  the  gr^t 
m>  edacase,  so  to  speak,  the  beait  and  hings  to  peifonn  saddenl^T, 
2jzrr.  a  great  amount  ol  wotk.  To  do  this  Umv  i»  notbing  better 
rTXit  in  nmning  and  jumping.  It  is  astonishing  irbat  effect  tbis  »oon 
potasEbie:.  the  increase  in  the  number  of  reepintions  altef  tunning  iOO 
riri<  ^:^;ild  be  ih>ted  on  the  first  day,  as  this  giwis  a  standaid  br 
j^i^  c«£  ibe  substeqnent  impioTereent  But  as  it  wtmld  be  impossild^ 
isse  €i  ismt  to  do  this  with  all  the  men,  diivctlr  the  run  is  ended 

ihcxdi  Tsmee  in  line,  and  the  medical  officM*  should  pass  rapidlj 
d  pick  <ns  the  men  whose  respiration  is  most  humed.     In  aU  the 

the  leasi  difficulty  of  respiration  should  cause  the  ejcercise  U>  bo 
d  for  ioKu  or  five  minutes.*  The  heart  should  be  watohe^l ;  the 
9  indiraling  the  necessity  for  rest  or  easier  work  are  exces^ve  Ta]\idity 
)K  snaDnesB,  inequality,  and  irregularity. 

»B  of  muscles  after  the  exercise,  or  great  weariness*  should  be  inquinxl 
i  would  be  well  every  now  and  then  to  try  the  ingxiinal  and  iemoml 
ring  exertion  and  coughing. 
err  important  part  in  gymnastic  training  depends  on  the  instructor, 

instructor  Tariesthe  work  constantly,  and  never  urges  a  man  to 
r  repeated  exertion.  If  the  particular  exercise  cannot  be  done  by 
.  it  should  be  left  for  the  time.  Anything  like  urging  or  jeering  by 
>f  the  men  should  be  strictly  discountenanced  The  instructor  should 
dly  from  exercise  to  exercise,  so  that  a  great  variety  of  muscles  may 
ill  into  play  for  a  short  time  each,  and  as  the  men  work  in  classes, 
annot  be  acting  at  once,  there  is  necessarily  a  gooii  deid  of  i^t 
rand  rule  for  an  instructor  is,  then,  change  of  work  and  sufficient 

^  case  of  a  recruit  who  has  not  been  used  to  much  physical  exertion 
test  care  must  be  taken  to  give  plenty  of  rest  during  the  exercises. 
ay  even  seem  to  be  an  undue  proportion  of  rest  for  the  first  fortnight, 
really  not  lost  time.  The  medical  officer  is  only  directed  to  visit  the 
am  once  a  fortnight,  but  during  the  first  fortnignt  of  the  tmining  of  a 
recruits  he  should  visit  it  every  day. 

proper  care  men  are  very  seldom  injured  in  gymnasia.  I  was  in- 
at  Vincennes  that,  though  they  did  not  take  men  unless  they  wore 

i  training  of  horses  the  points  alwavs  attended  to  are — the  Tery  gradual  tnorease'of 
le  ;  gentle  walking  is  persevered  in  for  a  long  time,  then  alow  nilTops  ;  Uien,  ai  the 
s  wind  and  strength,  Quicker  gallops  :  but  the  hone  is  never  distresstid,  and  a  boy 
iismissed  from  a  stable  if  it  were  known  that  the  horse  he  was  riding  «b!Vii«^^V| 
r  in  any  other  way,  that  the  speed  was  too  great  for  hlnx. 


_  }  m  too  ( 

exl^sl  cotntemnJ     la  'Hit  attaliide  itf 
tooAllMr,  Uie  loes  toned  out  aft  sii  Mgje  €l  €0\  tbe 
nidcfli  ih0  thumtit  dam  ta  tii^  toa^ai^fim,  mmi  on  a 
trcMiMak    Tbtb  paciliim  it  nol  •  aeesre  im^  w  the 
ami  in  the  luuiiyd  and  platoon  eModm  tke 
cha^fpM  tha  centiv  of  grarilj  «vaj  i 
in  meemmrj  to  mmintatn  the  eqidlfliiiiniL 
\  f  -  under  atUfUiioo,  but  are  lold  to  *^  alaiid  at  < 


caaci^  and  capaekUy  in  the  latter,  the  feet  are  fatther  apart  and  d 
am  iMi  ecmatniiied.  j 

In  marching  the  attitade  ia  stiU  aliff — it  ia  the  poaitioii  of  alM 


veto^  put  ixito  motioQ.     The  alight  lateral  movemeiit  wludi  tim  i 
inakea  irhao  he  biii^  the  centre  of  graTttf  aiteniatel j  over 
the  alight  rotatory  motion  which  the  trunk  makea  on  the  bip-joiBi,  tf 
aa  far  aa  it  can  be,  though  it  cannot  be  altpgiE^ther  avoided,  as 
obiarving  the  light  swaying  motion  o!  a  line  of  ev«D  meiy  ntn^j : 

at  quick  time.     Marching  i^  certainly  much  mofe  bUgr^ * 

aiid  in  tbo  French  army,  and  by  many  cominandiug  < 
men  urn  aUowod  to  walk  easily  and  diaeouxiectedly,  axoopt ' 
uTiy  t^pecial  puT]X)fle.  This  may  not  look  eo  Btriklng  to  the  i 
but  to  the  real  soldier,  whosc^  object  is  at  the  end  of  a  long  la 
men  m  freah  that,  if  nL^ccssarv,  they  could  go  at  once  into  action,! 
marching  m  Been  to  be  n^ally  more  soldier-like  than  the  conatraine^ 
whirh  li!ad  «o  much  sooner  to  the  loss  of  the  soldier's  atnen^h  and  ( 
Id  walking,  tho  heel  touches  the  ground  first,  and  then  rapidly  i 
thri  footf  and  the  great  toe  leaves  the  ground  last.  The  soldier^ 
cfninhritja,  is  taught  to  place  the  foot  almost  flat  on  the  ground,  but 
inistako,  aa  the  body  loses  in  part  the  advantage  of  the  bufier-like  d 
of  the  heel.  The  toriti  are  turned  out  at  an  angle  of  about  30"*  to  4i 
each  atop  the  leg  ailvjin<;ea  forward  and  a  little  outward;  the  cantie^ 
which  i»  between  the  navel  and  the  pubis,  uhout  in  a  line  with  the  pj 
*)f  thi?  wuTuiii  (Weher),  is  constantly  sbiftins?.  It  has  been  suppoaj 
wijtjld  be  of  advuntiige  to  keepi  the  foot  quite  straight,  or  to  turn  i 
little  iUf  anil  to  let  the  feet  advance  almost  in  a  line  with  each  ot] 
the  advantjige  of  kee[iiug  the  feet  apart  and  the  toes  turned  out,  ia  i 
IIkt  feet  can  advance  in  a  straight  line,  which  is  ob^'iously  the  actil 
grc^ai  mjifi  muscli>8  in  front  of  the  thigh  ;  and,  second,  wheai  lh( 
l»r*mglit  over  the  ft^ot^  tht^  turaed-out  toes  give  a  ranch  broader  baaei 
than  when  the  fout  is  fifcraight  The  spring  from  the  great  tc 
U}  a  httle  greater  when  the  foot  is  straight  (though  of  thia  I 
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>t  Boewhy  the  gajatrocnemii  aad  solei  ebould  contract  better  ie  thia 
ut  there  la  a  loss  of  spring  from  the  olher  toes.  Besides  this,  it 
lown  by  Wober  that  when  the  leg  is  at  ite  greatest  length,  i.e., 
9  jnat  urged  the  body  forward^  and  ia  lifted  from  the  ground,  it 
d  like  a  pendulum  from  its  own  weight,  not  from  muscular  action, 
Vance  is  from  within  and  behind  to  without  and  before,  so  that 
alone  carries  the  leg  outwards. 

fahould  be  raised  from  tbo  ground  only  so  far  as  is  necessary  to 
ilea  Formerly,  in  the  Russiian  Imperial  Guaid,  the  men  were 
arch  with  a  peculiar  high  step,  the  knee  being  lifted  almost  to  a 
the  acetabulum.  The  effect  was  striking,  hut  the  waste  of  power 
i  that  long  marches  were  impossible,  and  I  believe  this  kind  of 
now  given  up*  ITie  foot  should  never  he  advanced  beyond  the 
it  is  to  be  |>ut  down  ;  to  do  so  is  a  waste  of  labour, 
dglish  army  the  order  is  as  follows  : — 

Length  and  N^umber  of  Steps  in  Mat'ching. 


orai«p. 

Lenffth. 

Ko.  per  liLDttte. 

Gmund  Tmrerftdd 
per  Mlnate. 

Orouud  TmvcrEed , 
per  Hour  with-    , 
mt  Haiti, 

iDcliBa. 

Fe««.            1 

MUei, 

•p    * 

SO 

76 

187i 

2  1 

ii«,  .       ,    1 

30 

113 

280 

3-3 

oaty 

33 

110 

303^ 

3-4 

. 

»3 

166 

453} 

6^67 

short, 

21 
12 

'*' 

liou 

four  deep, 

24 

... 

,, 

... 

buck,       . 

30 

1 

... 

ihle  '*  is  never  continued  very  long  ;  it  is  stopped  at  the  option 
Landing  officer  In  the  French  army  it  is  ordered  not  to  be  con- 
?r  than  twenty  minutes.*  At  the  double  {if  \Wthout  arms),  the 
held  horizontally,  the  elbows  close  to  the  side ;  if  the  rifle  ia 
ann  is  so  held  There  is  an  advantage  in  this  attitude,  aa  the 
flight  into  the  position  of  least  resistance  ;  more  tixed  points  aje 
Le  muscles  of  respiration,  and  the  movement  of  the  arms  and 
:iilitates  the  rapid  shifting  of  the  centre  of  gravity. 


worth  whilo  to^mention  toioe  of  the  fejiU  of  cekhmted  p«dt£triaiiA  mb  i 

been  walked  in  7  minutes  (or  at  the  rate  of  8|  luil&i  per  hour).    Suoh  ui  exer^ 

Ji,,  for  the  exertioa  ia  in  the  ratio  of  the  velocity. 

re  be«n  walked  hy  Captain  Saunilers  in  £>34  niinut€5.  and  21  niilea  in  3  houri 

100  yards  have  been  covered  in  21  a*iC.ondit ;  a  little  over  10  see.  is  the  ngnal 


1  mile  in 
finite  in 

1  minute  58  seconds. 

4  minuten  22|     t, 

2  miles  in 

9  minutes  20      „ 

fl     1, 

SI         „     .^ 

10     „ 

51         „ 

11      .,        and  46  yardi 

,eo       „ 

20     o 

120 

40     „ 

6  hours. 

100     „ 

IS  hours  and  50  tniitnte.4. 

eaton  covered  5O0 

miles  in 

144  hours  ;  Gale  walked  1500  in 

1000  cooBeeutir^ 

I  c^uarier  milea  In 

4000  auGcedaivti  periods  of  ^0  minutes  each^ 

— both  enormouj 

1% 
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CONDITIONS  OF  SERVICE. 


Quick  time  is  always  used  in  drilU  and  marcliing.      The  giouiid  got  i 
per  hour  is  generally  reduced  by  halta  to  2 '8  milea 

Kinming  drill  haa  been  introduced  during  the  last  seven  jeani ;  iliii 
carried  beyond  1000  yards,  and  the  men  are  gradually  brought  iip<0 
amount     The  pace  m  not  lo  exceed  6  miles  an  hour.      All  men  ottct  15  ] 
service  and  weakly  men  (if  considtsred  unfit  by  the  medical  ol&cen).  Ait  lol 
excused  (Queen's  Eeg.  1377). 

In  the  French  army  the  length  of  the  step  is  rather  different 

French  Steps  in  Eiifjluh  Measures.     (Morache^  1874). 


Length  of  Step 
In  liichei. 

StcfMi  per  Mi  nut*. 

per  Hinate  i& 

Pas  ordinaire,    , 
Pft«  fie  route,     , 

PftB  llCC^l^l^,        , 

Pm  de  charge,  , 
Pm   maximuiD 
(gymniiatique), 

26 
26 
26 
29-6 

82-6 

76 
110 

vm 

165 

195                , 

295 
449 

IM 

5-W 

The  French  step  is  therefore  4  inches  shorter  than  the  Kngliffh  ;  tlui  i 
perhaps  because  the  men  are,  as  a  rule,  shorter.  The  Prussian  and  ^ 
Bavarian  step  is  31 J  inches  long,  and  112  steps  are  taken  per  minutei 

The  exact  length  of  the  step,  and  the  number  per  minute,  are  very  ijaftf^ 
ant  questiona  The  object  of  the  soldier  m  to  get  tbe  step  aa  long,  aadii 
number  per  minute  as  great,  as  possible,  without  undue  fatigue^  so  as  to  fl 
over  the  greatest  amount  of  ground 

The  quickest  movement  of  the  kg  forwai-d  in  walking  lias  been  shovfn  tf 
Weber  to  correspond  very  closely  with  half  a  pendulum  vibration  of  ih*'  h 
and  to  occupy  on  an  average,  0*357  seconds  ;  tliia  would  give  168  sttf'  -^ 
niiniitft,  supposing  the  one  foot  left  the  ground  when  the  other  toach-:  1 1' 
This  is  much  quicker  than  the  army  walking  step  (the  double  is  &  nin),  •>i 
no  doubt  much  quicker  than  could  long  be  borne,  since,  with  a  step  of  <»lj 
30  inches,  it  would  give  nearly  5  mile^  per  hour  ;  but  it  may  be  a  qutftiA 
whether,  with  men  in  good  condition,  the  pace  might  not  be  increased  to  IJJ 
per  minute.  Practical  trials,  however,  with  soldiers  canjing  onnt  ui 
accoutrements  can  only  decide  thia  point 

The  length  of  the  step  of  an  average  man  has  been  fixed  by  the  Bn)l2i* 
Weber  at  about  28  inchea  In  individual  ca-^es,  it  depends  entirelT  oa  ti» 
length  of  the  legs.  Robert  Jackson  considered  30  inches  as  too  long  a  ^ 
for  the  average  soldier,  and  suggested  27  inches.  It  [b  of  great  impoftad 
not  to  le&sen  the  length  too  much,  and  it  would  l>e  very  desirable  to  havetoit 
well-conducted  experiments  on  this  point  The  steps  must  be  ahortrxiJ 
weights  are  carried  than  without  them  ;  a  little  consitleration  shows  how  lh» 
is  :  When  a  man  walks,  he  lifts  his  whole  body  and  propels  it  forwaid,  ud 
in  doing  so,  the  point  of  centre  of  gravity  describes  a  circular  motion,  m  tk 
fonn  of  an  arc  about  the  foot  The  less  the  body  is  raised,  or,  in  other  wonk 
the  shorter  the  verscHl  sine  of  the  ore,  the  less  of  course  the  labour.  In  K>Bjt 
steps  tbe  arc,  and  of  course  the  versed  sine,  or  height  to  which  the  bod?  b 
raised,  ore  greater;  in  abort  steps,  lesa*  It  is  probable  that,  with  the  weg|bl 
the  soldier  carries  (60  lb),  the  step  of  30  inches  is  (|UJte  long  enough,  pedii|i 
even  too  long  ;  and  it  would  be  desirable  to  know  if,  after  a  march  of  six  « 
eight  miles,  tbe  step  do  not  get  shorter. 

*  ^flie  Brothers  W«1>er.  buwevcr,  h&vp  ahovrn  tliat  tbe  iingle  At  wbteh  the  bodj  is  best  sai^ 
consequently,  the  eooffIci«nt  of  resktAnue  are  sot  ftfeotod  by  Hm  leogth  of  stejv  i  -  -  -  ^^ 
velocity  repluiie  Itit  s&me. 
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Bb  the  French  arnij,  the  march  is  conmienced  at  iheprw  de  route  (90  stepa 
t  minute) ;  then  accelerated  to  1  lOstepa  ;  during  the  laet  half-hour  100  ataps 
I  letumeil  to.  But  the  soldiers  thfrmselvea  often  aet  the  etep  ;  the  grenadiers 
cl  ttio  voltigeiirs  olteniatt'ly  k'luiing.  Four  kilometres  ( =  -  J  miles)  are  done 
forty-five  or  forty-eight  minutes.  One  kilometre  { =  0'62  milea)  ia  done  in 
out  twelve  mi  mites. 

The  soldier,  in  tliis  country,  when  he  marches  in  time  of  peace  in  he^vy 
ier,  carrier  his  pack,  kit,  haversack,  water-bottle,  greatcoatj  nfle,  and 
miuiiition  (probably  twenty  rounds).  In  India,  he  does  not  carry  his  pack 
l^rentcoat. 

There  is  a  very  general  impression  that  the  best  marchers  are  men  of  middle 
»,  and  that  very  tiiU  men  do  not  march  so  well 

iL^engih  of  the  March. — In  "  marching  oiit "  in  time  of  peace,  which  is 
it%B  once  or  twice  a-week  in  the  winter,  the  distance  is  6  or  8  miles.  In 
urehing  on  the  route  or  in  war,  the  dietauce  is  from  10  or  12  miles  to 
tsasionally  18  or  20,  hut  that  is  a  long  mansh.  A  forced  mart^h  is  any 
Blance — 2b  to  30,  and  occasionally  even  40  mill?s  being  got  over  in  twenty- 
t^r  hours.  In  tlie  Prussian  army  the  usual  march  is  14  miles  (Eoglish)  ;  if 
B  march  is  continuous,  there  is  a  halt  every  fourth  day. 
€Jofyriitioru  remlerififi  Marrht^a  Slower. — The  larger  the  body  of  men  the 
differ  the  march ;  14  miles  will  Iw  done  in  six  or  seven  hoiirs  by  two  or  three 
^fjnents,  but  not  under  eight  or  nine  hours  by  8000  or  10,000  men*  A 
r^e  army  will  not  go  over  14  miles  under  ten  hoius  usually.  A  single 
jiiin  lit  can  do  20  miles  in  eight  Lours,  but  a  large  army  will  take  twelve  or 
iirt*'<  It,  including  halts.  Heiid  winds  greatly  delay  marches  ;  a  very  strong 
md  acting  on  a  body  of  men  will  cause  a  difference  of  20  to  25  per  cent,  or 
niilaa  will  be  got  over  insteaii  of  5, 

8now  and  rain^  without  head  wind,  delay  about  10  to  15  per  cent,  or  ij 
\loB  are  done  instead  of  5, 

Of  cour&e,  bad  or  slippety  roads,  deep  sands,  heavy  snows,  jungle  and 
tiahwood,  are  often  acting  ag!iin8t  the  soldier,  and  in  hilly  and  jungly 
ftntries  only  5  or  6  miles  may  be  got  over  in  a  day. 

'  7/mw  itddimj  to  the  Fat  iff ue  of  Mitrchtmf. — Heat — dust — thirst — 
lialta  from  obstructions — want  of  fowl — ^had  weather,  esi)ecially  head 
^iMia  with  rain.  In  order  to  avoid  heat  and  dust,  it  m  desimhle,  when  it 
■i  be  done,  to  separate  the  ca^'alry  and  artillery  from  the  infantry  ;  t-o  let 
m  latter  march  in  open  order,  and  with  as  large  a  front  ajs  possible. 
Jtniiancffji  r/  Mardtf'^  duruoj  War. — It  is  most  imiiortant  for  a  s^ildier  to 
lorw  what  has  been  done  and  what  can  be  done  with  a  large  bi>i]y  of  foot 
Idier^  *tid  it  is  scarcely  less  interesting  to  the  physiologist  In  cum  paring 
m  marches  of  infantry,  it  must  always  be  n^membered  how  great  an  effect 
creasing  the  number  of  men  has  in  lessening  the  rapidity  and  length  of  a 
girch,  aufl  in  increasing  the  fatigue^  No  large  army  has  ever  made  the 
itfch^^  small  bodies  of  troops  have  done^ 

At  times  the  fatigue  undergone  by  trained  men  has  been  something  almost 
4*iedible,  Wolfe  mentions  in  one  of  his  letters  that  in  1760,  just  before 
le  battle  of  Dettingen,  his  regiment  marched  from  Frankfort  **  two  days  and 
wa  nights  with  only  nine  or  ten  hours*  halt."  This  would  he  a  march  theu» 
'  thirty-eight  hours  out  of  forty-eight  He  gives  the  distance  at  about  40 
ilea,  but  it  was  probably  more.  The  43d,  52d,  and  J)5th  Regiments  of 
oot,  forming  the  Light  Division  under  Crawfurd,  matie  a  forced  march  in 
lUy  1809,  in  8pain,  in  onJer  to  reinforce  Sir  Arthur  Wellesley  at  the  battle 
f  Talftvera.  About  iifty  weakly  men  were  left  behind,  and  th<i  bx\^i<&  \)ufeTw 
[arched  62  miles  in  iwifnty-QUL  houre,  carrying  arms,  armminiliOT^  Mni  \>iy:?BL — 
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in  all,  a  ¥reight  of  between  50  lb  and  6Q  lb.*     There  were  only  i 
glers.    The  men  had  been  well  trained  in  m^Tchin^  during  the  ptetiooi  wdk 
One  of  these  regiments — the  52d — made  in  ludia^  in  1657, aaifik a, 
extnLOTdin^ry.     In  the  height  of  the  mutinT,  intelligiQsoe  foadioltlMiiltfy 
locality  of  the  Tebels  tern  Sealkote.      The  5  2d,  and  aome  artOkif,  i 
night  on  the  1 0th  of  July  1857  from  Umritzur,  and  reached  i 
miles  off,  in  twenty  hours,  eome  part  of  the  march  beiiig  tn  the  J 
following  morning  they  marched  1 0  miles,  and  engaged  the  mnttmoi  Ikf 
were  for  the  Erst  time  clad  in  the  comfortable  gray  or  dast-coloonl  i 
Khakee  cloth. 

A  march  of  a  amall  party  of  French  was  narrated  bj  an  affioor  of  1lip|| 
who  was  afterwards  wounded  at  Sedan^  to  Dr  Frank,  who  kindly  pii I 
the  particulara.     A  company  of  a  regiment  of  Chasseurs  of  MncroihonVi 
after  being  on  granil  guard,  without  shelter  or  tire,  during  the  rainy  i 
the  5th--6th  August  1870,  started  at  three   in   the  morning  to  iqin  ftl 
regiment  in  retreat  on  Niederbronn,  after  the  battle  of  WeiascmlRDi^  1' 
arrived   at  this   vUluge   at  ^.30   in  the  afternoon,  and   started  a^  k 
Phakbourg  at  six  o'clock.     The  road  waa  across  the  hilK  and  abag  [ 
tracts,  which  were  very  ditficult  for  troopa     It  azTiYed  at  Phakbuuig  A  i 
o'clock  in  the  evening  of  the  next  day.     The  men  had,  th«refoi«^  i 
part  of  the  night  of  the  5th-6th  August,  the  day  of  tha  6tfa,  the  ni^ 
6th-7th,  and  the  day  of  the  7  th  tillS^SO  p.m.      The  halta  wei^  ei^lit  t 
every  hour,  from  3.30  to  6,  one  hour  in  the  night  of  the  6th^7tb,»il 
hours  on  the  7tk     Altogether,  including  the  halts,  the  mamh 
hours,  and  the  men  must  have  been  actually  on  their  feet  about  QnXtj  \ 
in  addition  tf>  the  guard  duty  on  the  night  before  the  oLamh* 

An  officer  of  a  Saxon  Fusilier  regiment  gave  me  the  following 
of  a  forced  march  in  one  of  the  actions  at  Metz,  in    1870*     The 
wa.^  alarmed  at  Di  id  night  and  marched  at  one  jlm,,   and  continued 
with  halts  until  7  p.m.  ;  they  bivouacked  for  the  night,  marched  at  7  die] 
morning,  came  into  action  at  1*30,  and  in  the  evening  found   tbemKbBl 
kiloraetres  beyond  the  field  of  battla     The  total  distance  waa  $$|  9 
about  forty-two  hours,  with  probably  fifteen  hours'  halt 

Roth  mentions  that  the  18th  di\i8ion  of  the   Saxon  army  inthii 
manoBuvres  about  Orleans  marched,  on  the  16th  and  17th  Decemhet  lS%i 
English  miles. 

Yon  dor  Tann's  Bavarian  army,  in  rebeat  on  Orleans,  mazdied  43  mtel 
tweuty-aix  hours. 

These  were  all  forced  nmiches  for  the  purpose  of  coming;  into  aetitm  Qr» 
ing  after  discomfitura    Apart  from  the  Peninsular  Ught  Division  nu 
show  that  in  two  days  and  one  night  a  small  body  of  men  may 
English  miles,  and  that  is  probably  near  the  limit  of  enduranea     Tbe  1 
Division  march  ia  so  excessive  (62  miles  in  twenty-six  hours,  or  2"3^  o^ 
every  hour,  without  reckoning  halts),  that  it  may  be  doubted  if  the 
was  properly  reckoned/f 

When  a  lai^o  army  moves  it  has  never  accomplished  such  i 


*  N&pier*i  War  in  the  Petiinflula,  M  edit.  vol.  ii.  p.  400 ;  Moorsom's  RcooM  oi  ^t 
Bff^imeiit,  p.  115.     Botli  Aatboni  state  tli&t  the  men  carried  betire«ii  50  Ife  miid60BAi 
flxtnionlmary  marrb,  but  ih%r&  oeems  a  Irttle  doubt  of  this.     During  th^  Fen imaJv Mill 
min  cnrnetl  htiga,  weighing  about  3  lb,  and  Dot  franie<t  r«ckB,  and  their  kit*  were  ftffMrtp 
Lord  Clyde,  in  talking  of  this  march  to  my  ct»IlcaguB,  Mr  horigmont^  told  him  IIm  wa  ^ 
carrieil  a  shirt,  and  a  spare  pafr  of  either  boots  or  aoles.     He  saw  the  mea  marA  ia.    Ii  ^ 
probability  a1»g  they  would  not  carry  their  full  ammunition. 

+  Sit  W\\\iam  Cqt>^,  v<r\vo  ^«a  <iT\<«.  qI  \3wfe  ^i«^<»T*  <A  the  95th,  nays  (In  hu  Hiitarr  of  tk  fiA 
Brigade,  fottacTlY  m«  %\\x> » ^kaX.  NXwi  ^A&\&tvc3&  ^^»  otJv^  *i  Tci^«h. 
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^Mi  In  1806  the  Frencli  army  marched  on  one  occasion  49  kilometres,  or  30^ 
^Miilfia.  On  the  15th  June  1815,  Napoleon  made  a  forced  march  to  Burprise 
^■iia  PruBsians  and  Engliah^  but  only  accomplished  30  kilometres  or  18§  milee. 
^pii  In  8hennan'a  celebrat-ed  march  across  the  Southern  States  the  daily  distance 
r—  as  about  H  mOea.  When  the  rmaeians  advanced  on  Vienna,  after  the 
^  ^  Jittle  of  Koniggmtx  in  1866,  they  accomplished  almost  the  fiame,  and  had  also 
;  duty  every  other  night 

Eussians  marche*!  in  the  expedition  to  Khiv%  in  1873,  4687  miles 
Fgngliflh)  in  89  dayg,  but  aa  actual  marching  was  done  only  on  44  days,  the 
ipBHige  daily  march  was  (468*7^44)  10 "65  miles;  the  longeet  march  was 
L6i  miles.* 

Jfacmahon'a  army,  in  its  march  t€  relieve  Bazaine  at  Metz,  could  only 
eeompliah  about  10  miles  daily,  wliile  the  Crown  Prince  of  Prussia  in  pursuit 
fBJB  ia^  more  rapid. 

After  Sedan,  the  Pniseian  and  Saxon  troops  pushed  on  to  Paris  by  forced 

(inrches  and  accomplished  on  an  average  35  kiiomeferesj  or  21§  miles,  daily, 

od  they  marched  on  some  days  42  to  45  kilometrea  (26  to  28  niile^) ;   they 

'.  at  five  or  six,  and  were  on  their  ground  from  four  to  eight  o'clock,  the 

>  pace  being  5  kOometrea  (3'1  miles)  per  hour, 

the  Indian  mutiny  several  regiments  marched  30  miles  a  day  for  several 


When  marches  are  continued  day  after  day,  an  average  of  about  20  miles 
■J  be  expected  from  men  for  two  or  three  weeks,  after  whiehj  probably,  the 
'  ^mmount  would  kssem 

It  is  difficult  to  estimate  the  labour  of  such  marches,  as  besides  the  actual 

ch  there  is  often  work  in  fetching  water,  cooking,  pitching  tents,  sentry, 

itpost,  and   picket  duty,    &c     As  20  miles  itday  with  60  lb  weight  is 

Iiiivalent  to  lifting  495  tone  one  foot,  and  there  is  always  additional  work 

I  bo  done,  it  is  clear  that  the  labour  is  excessive  and  must  be  prepared  for, 

that  during  the  time  the  men  must  be  well  fed. 
In  marching  long  distances,  the  extent  of  the  marches,  the  halting  grounds, 
:.,  are  fixed  by  the  Quartermaster-General's  department 
Occasionally  the  march  has  been  divided,  one  part  being  done  in  the  early 
*       and  the  remainder  late  in  the  afternoon.     It  is,  however,  better  to 
!ce  the  march  continuous,  and,  if  necessary,  to  lengthen  the  mid-day  halt 
Order  of  March, — Whenever  poeeible,  it  seems  desirable'  to  march  in  o|>eB 
Inspector-General  J.   R  Taylor  has  given  evidence   to  show  that  a 
I  Older  of  mnka  is  a  cause  of  unheal thiness  in  marching,  similar  to  that  of 


•  In  170&,  on  the  3d  Sepi,,  in  ordtr  to  ©ecnre  the  pnssage  of  ibe  Haine,  the  Prmee  of  HesM 

Midfi  &  march  of  49  Enghsh  miles  in  63  successive  hoars,  with  4000  foot  and  <S0 

^.       mu  (Ooxe'B  Life  of  Marlborough  v,  10-21), 

Alitcm  (HUtory  of  Marlborough,  vol.  iL  p.  27),  says  that  "  thifl  rapidity  of  adTanca  for  such 

,  diatanoe  liad  never  been  previously  surpajtaed,  tliou];;h  it  has  b«eD  out-dooe  in  later  tunex.^ 

]«  refets  in  a  foot^not^  to  MackeD^ie'^  march  to  join  Wellington  at  Talavera,  which  hegivea  ai 

1  Bngltah  milea  in  24i  hours  ;  also  the  Russiau  foot  guards  advancmg  to  Parii  in  1814,  after 

0  combat  at  F^re-Champennj^e,  marched  48  m'\ie&  ia  26  hours. 

In  the  Timea  of  1873  a  writer  gives  the  following  statement ;  he  quot^sa  from  a  dispatch 
published  in  the  London  Gaseite  of  1859.  *'  During  the  day  the  troops  from  Khulkhulla 
roarchd  36  mileA,  and  thoiw  fri>iu  the  camp  48  miles,  and  mucb  of  thii  under  a  more  than 
ttaually  hot  sun."  He  also  says  that  at  the  end  of  1&58,  General  Whitlock  mardied  86  milea 
In  97  hours  to  nelieve  Kirwee. 

la  April  1859  Colonal  Deaalta,  (Lotidon  Gazette  1859),  reported  a  march  of  not  less  than  40 
Oaptain  Reiinle  a  force  also  marched  40  in  24  houra.     In  the  same  No,  of  the  Times, 
.    i  Carletoa  states  that  Daly's  Guide  Corps  marched  from  near  Peshawur  to  DftM»  SA^ 
Ilea  in  22  days.     Sir  Hope  Grunt  says  75^  milea  in  28  day  a.    H«  iAjk>  «a^a>^X  ^^%\1^» 
I  Bdiga]  FiuilierB  {EurojteAu}  murclmtl  68  mllm  in  38  hoatB. 
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oveTCrc^wding  iti  barracks  ;  aud  the  Medical  Board  of  Bengsd  harct,  in  t 
auxie  witli  this  opinion,  recommended  that  military  movements  in  cloitc 
should  be  as  little  practised  as  poasibia     lltere  should  also  be  ba  mOi^iB 
val  as  can  be  aUawed  between  bodies  of  troopsL 

Ejfeeh  of  Alutrheji.^—Undiir  oriiimiry  ccmditiona,   both  in  cold  iiiJ  i 
conn  tries,  roen  are  h«althy  on  the  march* 

Ikit  marches  are  sometimes  liurtfnl — 

1^,  When  a  single  long  and  hoa\^^  maicsh  is  undertaken  wheai  Uie  3 
overloaded, without  food,  and  perhaps  without  water.      The  men  lolloal,! 
the  road  becomes  Btrewed  with  atnigglera.     Some  times   the  loes  ol  Bfei 
been  great. 

The  prevention  of  tliese  catastrophes  is  easy*     Place  the  soldjer  Moodi 
possible  in  the  position  of  the   professional  pedej!?trian  ;    let  his  cjolhrt  i 
accoutrements  be  adapted  to  his  work  ;  supply  him  with  water  and  javjtsi 
and  exclude  spirits  ;    if  unusual  or  rapid  exertion  m  demuanded,  tha  i 
must  be  still  mt»re  lightened. 

When  a  soldier  falls  out  on  the  maiseh  he  will  be  found  partiallr  i 
with  cold  nn>ist  extremities,  a  profuse  sweat  everywhere  ;    the  pulMii^ 
ipiick  and  weak — often  irregular;  the  respiration  often  sighing.     The  ' 
should  be  pemoved,  clothes  loosenetl,  the  man  laid  on  the  ^^:>und,  cold  i 
dashed  on  the  fiice,  and  water  given  to  drink  in  small   quantities    III 
syncope  is  very  iilamiing,  brandy  must  be  msi'd  as  the  only  -way  of  ] 
the  heart  acting,  but  a  large  quantity  is  daugeroua     If   it  can  lie  oh 
weak  hot  brandy  and  water  is  the  best  uruler  those  cijcuxnstances,    W1a| 
has  recovered,  the  man  must  not  march^ — he  should  be  carried  in  a 
and  in  a  few  minutes  have  something  to  eat,  but  not  much  at  a  timiL    C< 
centrated  beef -tea  mixed  with  wine  is  a  powerful  restorative  jostasiliitl 
wounded  men  on  the  field. 

2d.  When  tlie  marches  which  singly  are  not  too  long,  are  prolaaged  tiii 
many  days  or  weeks  without  due  lest. 

With  proper  halts  men  will  march  easily  from  500  to  1000  miles,  0r«»« 
farther,  or  from  12  to  16  miles  per  diem,  and  be  all  the  better  for  il^  1* 
after  the  seoond  or  third  week's,  there  must  be  one  halt  in  the  week  tatfi 
Sunday.  If  not,  the  work  begins  to  teh  on  the  men ;  they  get  out  of  o^ 
tion,  the  muscles  get  soft,  appetiU^  dechnes,  and  tliere  may  be  even  t  fe^ 
anaemia.  Hie  same  effects  are  produced  with  a  much  less  quantity  of  iwA 
if  the  food  is  insufhcient.  Bad  food  and  ioaufficieut  rest  are  then  the  p^ 
causes  of  this  condition  of  body. 

In  such  a  state  of  body  malarious  fevers  arB  intensified,  and  in  Ivk 
attacks  of  cholera  are  more  frequent  It  has  been  supposed  that  the  body  9 
overladen  with  the  products  of  metamorphosis,  which  caimot  be  oxidiaed  fci 
enough  to  be  removed. 

Directly  the  least  trace  of  loss  of  condition  begins  to  be  perceived  lA 
more  weakly  men  (who  are  the  tceta  in  this  case),  the  surgeon  should  idii 
the  additional  halt^  if  miht^iry  exigencies  permit     On  the  halt  day  the 
should  wash  tliemselves  and  their  clothes,  and  parade,  but  should  not  < 

3d,  When  special  circumstances  produce  diseases. 

Exposure  to  wet  and  cold  in  temperate  climates  is  the  gre^t  foe  ol 
soldier.  As  long  as  he  is  marching,  no  great  harm  results ;  and  if  at 
he  can  have  dry  and  warm  lodgings,  he  c^n  bear,  when  aeaaoned,  m^ 
exposure.  Eut  if  he  is  exposed  at  night  as  well  as  day,  and  in  war  he  dlfli 
ia  ao,  and  never  gets  dry,  the'  haniiesfc  men  will  sufier.  Adeetiona  aiiiint 
from  cold|  such  as  catarrhs,  rheumatism,  pulmonary  inflamTf^ntjoii  gj 
dysentery  are  caused. 
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^^k  incidental  to  the  soldier'a  life,  and  ran  never  he  sMop^Qthet 
^BBut  one  great  boon  can  be  given  to  him  ;  a  waterproof  sheei^ 
nil  cover  him  hoth  day  and  nighty  has  been  found  the  greatest  comfort 
p  who  have  tried  it. 

fpohlier  may  have  to  marc^h  through  malarioiis  r^iona.  Tlie  march 
■hen  be  at  mid-day  in  cold  regions,  in  the  afternoon  in  hot  The  early 
P  marches  of  the  trojHcs  should  be  given  up  for  the  time  ;  the  dearlliesfc 
I  the  miliaria  Ls  at  and  soon  after  eunrise.  If  a  specially  deaiUy  nam>\T 
[haa  to  be  got  through,  such  as  a  Terai,  at  the  foot  of  bills,  a  single 
h  should  be  ordered ;  a  thoroughly  good  meal,  with  wine,  should  be 

fore  stiirting,  and  if  it  can  he  done,  a  dose  of  quinine.     If  the  troopi 

tja  night  in  such  a  distrit^t,  every  man  should  take  five  gmins  of 

Tents  should  be  pitched  in  acconlante  with  the  rules  laid  down  in 

iter  on  Camps,  and  the  men  should  not  leave  them  till  the  sun  is  well 
heavens, 
►ver  or  cholera  may  break  out.     The  rtiles  in  both  cases  are  the 
once  leave  the  line  of  march  ;  take  a  short  march  at  right  anj^les 
separate  the  sick   men,  antl  place  the  hospital  tent  to  leeward ; 
evacuation  an<l  vomited  matter  bo  at  once  buried  and  covered  with 

id  employ  natives  (if  in  India)  to  do  this  constantly,  with  a  serjeant 
lintend.  Let  every  duty-man  who  goes  twit;e  to  the  rear  in  six  houra 
umself,  aitit,  if  the  disease  be  cholera,  distribute  pills  of  acetate  of  lead 
flium  to  all  the  non-commissioned  officers.  Directly  a  man  who 
I  choleraic  has  useil  a  latrine,  either  abandon  it,  or  cover  it  with  earth 
IB  if  it  can  be  procureti  If  there  ia  carbolic  acid  or  chlondo  of  zinc, 
or  sulphate  of  iron  or  ziue  at  hand,  add  some  to  every  stool  or  vomit. 
fo  days,  whether  the  cholera  haa  etopped  or  not,  move  two  miles  ;  take 
ihe  old  camp  to  cover  everything,  so  that  it  may  not  prove  a  focus  of 
for  others.  The  diinking  water  should  ha  constantly  looked  to.  A 
it  should  never  follow  one  which  carries  cholera ;  it  should  avoid 
fheve  cholera  prevails ;  if  it  itself  carries  cholera,  the  men  should  not 
fed  to  ent^^r  towns.  I  know  one  instance  (and  many  are  known  in 
irhere  cholera  was  in  this  way  introduced  into  a  town, 
(nen  may  suffer  from  insolation.  This  will  generally  be  under  three 
ins.*  Ext!€ssive  solar  heat  in  men  unaccnstomed  to  it  and  wrongly 
;  as  in  the  case  of  the  98th  in  the  first  China  war,  when  the  men 
just  landed  from  a  six  months*  voyage,  and  lieing  buttoned  up  and 
!  stocks,  fell  in  numbers  iluring  the  first  short  march.  A  friend  who 
i  with  the  reargiiartl  informed  me  that  the  men  fell  on  their  faces  as 
h  by  lightning ;  on  running  up  and  turning  them  over,  he  found 
I  them  already  dead.  They  had,  no  doubt,  struggled  on  to  tlie  last 
i  Tliis  seems  to  be  intense  aspjhyxia,  with  sudden  faQure  of  the 
lion,  and  is  the  "  cardiac  variety  "  of  Morehcad. 
JBS  to  allow  perfectly  free  respiration  (freedom  from  pressure  on  che^t 
k),  and  protection  of  the  bead  and  spine  from  the  sun,  will  generally 

this  form.     The  hciad-drcsa  may  be  wett^?d  from  time  t4:»   time ;  a 

wet  paper  in  the  crown  of  the  cap  is  useful     ^Vlien  the  attack  baa 
1,  cold  effusion,  artificial  respirsition,  araoionia,  and  hot  brandy  and 
p  act  on  the  heart,  aeem  the  best  measures.     Bleeding  is  burtiul ; 
llataL     Cold  affusion  must  not  be  pushed  to  excesa 
k- —^ * 

Mine  I  ^o  mot  enter  here  into  the  pAthalogy  of  tliia  affection.  For  ih.i<h  I  tt^«  \ft  ^Jb* 
lea  of  Moreliead  and  M^krtiu  awl  AitJica  uud  Madeuu.     1  look  '4\  ^X  ^xsyia.  %  v^w^aX 
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In  a  second  form  the  men  are  exposed  to  continued  beat^*  bolii  in  I 
and  ont  of  it^  day  and  nigbt^  and  tlie  atmosphere  is  still,  and  pediipll 
«o  that  evaporation  is  lessened,  or  the  air  is  vitiated*      If  miidi  i 
taken,  the  freest  perspiration  ib  then  necesaary  to  keep  down  tht  1 
body  ;  if  anything  checks  this,  and  the  skin   gets  dry,  a  certain  i 
pyrexia  occurs  ;   the  pulse  rises  ;    the  head  aches  ;    the  eyea  get 
there  ia  a  frequent  desire  to  micturate  (Longmore),  and  gradiail  or  i 
coma,  with  perhaps  convulsions  and  stertor,  cornea  on,  even  eome^isamt 
a  man  is  lying  quiet  in  his  tent.     The  causes  of  the  interruption  to  j 
tion  are  not  known ;   it  may  be  that  the  skin  ia  acted  upon  in  aon 
the  heat,  and  from  being  over'Stimulat^  at  last  becomes  iDacti\*e, 

In  this  form  cold  aifuBion,  ice  to  the  head,  and  ice  taken  by  the  n 
the  beet  remedies ;   perhaps  even  ice  water  by  the  rectum  might  bt  I 
Btimulants  are  hurtful     The  exact  pathology  of  this  form  of  urn 
uncertain.     It  is  the  cerebro-spinal  variety  of  Morehe^d. 

In  a  thinl  form  a  man  is  exposed  to  a  hot  land-wind  ;  perhapSi  o  i 
have  been,  from  lying  drunk  without  cover.  \Vlaen  brought  in, 
generally  complete  coma  with  dilated  pupils,  and  a  very  darkly  fliui 
After  death  the  most  striking  point  is  the  ettonnotis  congestion  oltbl  t 
which  is  also  marked,  though  less  so,  in  the  other  vaiietiea.  Altliiniil 
have  dissected  men  in  a  very  large  number  of  diseases  both  in  liidii  ^\ 
England,  I  have  jjcver  seen  anything  like  the  enormous  congwtiaii  U 
observed  in  two  or  three  cases  of  this  kind. 

As  prevention  of  all  forms,  the  following  points  should  be  atl^endtdi- 
Suitable  clotliing ;   plenty  of  cold  drinking  water  (Crawford) ; 
production  in  buildings  of  currents  of  air  ;  bathing  ;   avoidance  <A 
lessening  of  exertion  demanded  from  the  men. 

Duty  of  Medical  Officers  during  Marches^ 

Oeneral  Duties  Ofi  Marches  in  India  &r  the  Colonies. — Befoi^ 
the  march,  order  all  men  with  sore  feet  to  report  themselves.  8ea^ 
the  men  have  their  proper  kits,  neither  more  nor  leea  K\gtj  td^h  \ 
pro-v^ded  with  a  water-bottle  to  hold  not  less  than  a  pint  Inspeei  isifell 
grounds,  if  possible ;  see  that  they  are  perfectly  clean,  and  that  evcnrtbof'  I 
ready  for  the  men.  In  India,  on  some  of  the  trunk  roads  there  an  ti^  I 
halting-grounda  set  apart.  The  conservancy  of  these  should  be  vciyc 
looked  to,  else  they  become  nothing  but  foci  for  dieseminating  diM 
there  are  no  such  plac^,  halting-grounds  are  selected.  It  should  \mtt 
never  to  occupy  an  encamping  ground  previously  used  by  another  earai  J 
can  be  avoided ;  this  applies  to  aU  casea  Select  a  position  to  windvsil 
such  an  old  camp,  and  keep  as  far  as  possible  from  it  The  enc  ^ 
the  transport  department,  elephants,  camels,  bullock  carta,  &c^,  must  fat  I 
to, — t]}ey  often  are  very  dirty  :  keep  them  to  Jeewaixl  of  the  cain|v  ^\ 
near,  and  see  especially  that  there  is  no  chance  of  their  contaminatijqg  i  ^ 
supplying  drinking  water.  If  the  encampment  is  on  the  banks  of  a « 
the  pro])er  place  for  the  native  camp  and  bazaar  will  always  be  lows 
the  stfeauL  The  junior  medical  otficer,  if  he  can  be  spared,  should  be  \ 
forward  for  this  purpose  with  a  combatant  officer*  Ad^nse  on  1« 
march esj  halts,  &c.,  and  draw  up  a  set  oi  plain  rules  to  be  promn 
the  commanding  officer,  directing  the  men  how  to  manage  on  the  : 
exposed  to  great  heat  or  cold,  or  to  long-continued  exerUon,  how  to 

*  11i&  h«at  of  sA&d;^  pUinn  \%  the  worst,  probftblyi  frora;tbe  great  absorpUoa  cf  kMl«t^ 
Gonttuued  radkUoD.     iV  hei^t  of  the  «qiIj  jj«r  m^  u  aot  bo  bad ;  on  bo«td  slkiB  -  "^ 

uuGomiaoa* 
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ater,  clean  their  clothes,  &a  U  the  march  is  to  kst  some  time,  and  if  halts 
made  for  two  or  three  days  at  a  time,  write  a  Bet  of  iustnititions  for 
atilatiiig  and  cleamng  tents,  regulation  of  latrines,  &Q, 
Bpmkd  Duties  for  the  March  itself. — Inspect  the  breakfast  or  morning 
aent ;  see  that  the  men  get  their  coffee,  tfec  On  no  account  allow  a 
;  dram,  either  in  malarious  regionfi  or  elsewhere.  Inspect  the  water- 
jgpSftsiki^  and  eee  them  properly  placed,  so  that  the  men  may  he  supplied ; 
k  inspect  some  of  the  men,  to  see  tliat  the  water-bottles  are  full.  iliijrt:h  in 
r_-  loar  of  the  regiment  so  as  to  pick  up  all  the  men  that  fall  out,  and  order  men 
tL  who  cannot  march  to  be  carried  in  waggons,  dhoolie.%  A:c»,  or  to  be  relieved 
i  of  their  packs»  ifec  If  there  are  two  medical  officers,  the  senior  should  be  in 
*  J  if  a  regiment  marches  in  divisions,  the  senior  is  ordered  to  he  with  the 
When  men  are  ordered  either  to  be  carried  or  to  have  their  packs  carried, 
shoidd  he  given  specifying  the  length  of  time  tlioy  are  to  bo  carried, 
tickets  should  be  prepai'ed  before  the  march,  so  that  nothing  has  to  be 

•  but  to  till  in  the  man's  name,  and  tiie  length  he  is  t*D  }ye  ciirried. 
Special  oniers  shoidd  be  given  that,  at  the  halt,  or  at  the  eotl  of  the  day's 

ch,  the  bt^ated  men  should  not  uncover  themselveaw     They  should  take  off 
pack  antl  lie  Its,  but  keep  on  the  clothes,  and,  if  very  hot,  should  put  on 

•  greatcoats    The  reason  of  tliis  (viz.,  the  great  danger  of  chill  after  exer- 
'  should  be  explained  to  them.     In  an  hour  after  the  end  of  the  mairh 

en  should  change  their  underclothing,  and  hang  the  wet  things  up  to 

fl  when  dry  they  should  be  shaken  weh,  and  put  hy  for  the  following  day, 

ne  officers,  however,   prefer  that  their  men  should  at  once  change   their 

Jthes  and  put  on  dry  things.     This  is  certainly  more  comfortable.     But,  at 

ay  rate,  exposure  must  be  prevented 

will  be  found  that  old  soldiers  eat  very  little  while  on  the  march  ;   the 
Bt  meal  is  taken  at  the  end 
the   end   of  the  march   inspect   the  footsore   men.     Footsoreness   is 
lerally  a  great  trouble,  and  fi-equently  arises  from  faulty  bouts,  undue 
chafing,  riding  of  the  toe«  from  narrow  soles,  &c.     Kubbing  the  feet 
tallow,  or  oil  or  fat  of  any  kind,*  before  marfjhing,  is  a  common  renjedy. 
the  late  war  the  Germans  found  tannin  very  useful, — they  used  an  ointment 
one  part  of  tannin  to  twenty  parts  of  zinc  ointment     A  good  plan  is  to  dip 
feet  in  very  hot  water,  befoi^  starting,   for  a  minute  or  two  ;   wipe  them 
ite  dry,  then  rub  them  with  soap  (soft  soap  is  the  best),  till  there  is  a 
i^er  ;  then  put  on  the  stocking.     At  the  end  of  the  day,  if  the  feet  are  sore, 
should  be  wiped  with  a  wet  cloth,  and  rubbed  with  tidlow  and  spirits 
ted  in  the  palm  of  the  hand  (Gal ton).     Pedestrians  frequently  use  hot  salt 
water  at  night,  and  add  a  little  alum.     Somotimea  the  soreness  is  owing 
iply  to  a  bad  stocking  ;   this  is  easily  remedied.     Stockings  should  Ije 
[uently  washed ;  then  greased.     Some  of  the  German  troops  use  no  stock- 
but  rags  folded  smooth  over  the  feet.     This  is  a  very  good  plan.     Very 
i  sorene^  is  owing  to  neglected  corns,  bunions,  or  in-growing  nails,  and 
le  surgeon  must  not  despiBe  the  little  sui^cry  necessary  to  remedy  these 
;  nothing,  in  fact,  can  be  called  little  if  it  conduces  to  efficiency.     As 
are  often  to  blame  for  sore  feet,  it  becomes  a  question  whether  it  might 
well  to  accustom  the  soldier  to  do  without  shotjs, 
ijuently  men  fall  out  on  the  march  to  empty  the  bowels ;  the  frecjuency 
ith  which  men  thus  lagging  behind  the  column  were  cut  off  by  Arabs,  led 
le  French  in  Algeria  to  introduce  the  slit  in  the  Zuuavo  trouserfl,  which  re- 
jiiire  no  nnbuckhng  at  the  waist,  and  take  no  time  for  adjustment 

■  Ad  old  prejadi<x  givea  the  pjiiereoce  to  itsg'a  fftt,  h\x%  Uiex«\&^\.\«4fi«<i^9^^:^«^ 
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At  the  long  holt,  if  there  is  plenty  of  water,  the  shoes  and  stocldng>  Adt  I 
be  taken  off,  and  the  feet  well  washed  ;  even  'wiping  with  a  wettow«4  tt^l 

refreshing.     The  feet  should  always  be  washed  at  the  end  of  the  iBKciL     [ 

OccaeionaMj  men  are  much  annoyed  ^vith  chafing  between  the  nateiof  inii  I 
of  the  thighs.  Sometimes  this  is  simply  owing  to  the  clothesy  bnt  8anrfiil| 
to  tlie  actual  ehafing  of  the  part«.  Powders  are  said  to  be  the  beat— ln| 
iixide  of  ziuc,  and  above  all^  it  is  said,  fuller's  earth. 

If  hlistf!rs  fonn  on  the  feet,  the  men  should  be  directed  not  to  opefitfc«j 
during  the  niarth,  but  at  the  end  of  the  time  to  draw  a  needle  aod  toi[ 
through  ;  the  fluid  gradually  oozes  out 

All  footsore  men  shoid<l  be  ordered  to  report  themselves  at  once. 

Sprains  are  best  treated  with  rags  dipped  in  cold  water,  or  cold  spinSi 
waU*r  with  nitre,  and  bound  tolerably  tight  round  the  jiart      Re8t»<Ai| 
impossible.     Hot  fomentations,  when  procurable^  will  reli 

Marclies,  eapeeially  if  hurried,  sometimes  lead  men  to  t>  ..ir1>i»»a| 

and  some  trouble  occurs  in   this  way.     As  a  ride,  it  is  dti^ii 
purgative  medieines  on  the  line  of  march,  but  this  cannot  aJw^^ 
they  should,  however,  be  as  mild  as  possible. 

lijobert  Jackson  strongly  ad^nsed  the  use  of  vinegar  and  water  as  a  i 
ing  beverage,  having  probably  taken  this  idea  from  the  Komans,  who  mi\ 
yinegar  one  of  the  necessaries  of  the  soldier.  It  waa  probably  used  by  tlwl 
as  an  anti-«corbutic  j  whether  it  is  very  refreshing  to  a  fatigued  man,  I  da  ft4  J 
know. 

There  is  only  one  occasion  when  spirits  should  be  issued  on  the  mai^ 
this  is  on  forced  marches,  near  the  end  of  the  time,  when  the  exhauBtiiio  1 1 
great  A  httle  spirit,  in  a  large  quantity  of  hot  water,  may  then  ht  wH  | 
but  it  should  only  be  nsed  on  great  emergency*  "Warm  beer  or  tea  is  tk 
good  ;  the  warmth  seems  an  important  point.  Ranald  ^lartin  tells  us  tbt  a 
the  most  severe  work  in  Burmah,  in  the  hot  months  of  April  and  May»  aai^i 
the  hot  hours  of  the  day,  warm  tea  was  the  most  refre^shing  beverage.  Ttolj 
found  alao  fi^m  my  own  experienoe.  Several  friends  have  told  me  thai  I 
in  India,  and  in  bush  travelling  in  Australia,  there  was  ^nothing  eo  rerifi 
as  warm  tea.  Chevera  mentions  that  the  juice  of  the  country  onion  is  i 
in  lessening  thirst  dnring  marches  in  India,  and  that,  in  <m8es  of^  shim 
the  natives  use  the  juice  of  the  unripe  mangoe  mixed  with  salt* 

Music  on  the  march  is  very  invigorating  to  tired  men.     Sipging 
also  be  encouiiiged  as  much  as  possible. 

March  imj  in  Inditu — ^larches  take  place  in  the  cool  season  (Not 
February),  and  not  in  the  hot  or  rainy  seasons,  except  on  enier_ 
marches  have  been  made  in  hot  weather  without  harm,  w^hen  care  ] 
They  are  conducted  much  in  the  same  way  as  in  cold  countries,  except  I 
the  very  early  morning  is  usually  chosem     The  men  axe  roused  at  hailf-| 
two  or  three,  and  parade  half  an  hour  later  ;  the  tents  are  struck,  and  < 
on  by  the  tent-bearers  ;   coffee  is  served  out,  and  tli©  men  march  off  by  1 
fwist  three  or  four,  and  end  at  half-past  seven.     Everything  is  ready  at 
halling-gixjund,  tents  are  pitched,  and  breakfast  is  prepared* 

Those  very  early  marclies  are  strongly  advocated  by  many,  and  are  oppotfi 
almost  as  strongly  by  some.  In  tlie  West  Indies,  marching  in  the  mat  1m 
always  been  more  common  than  in  the  East  Much  must  depend  cm  tli 
locality,  and  the  prevalence  and  time  of  hot  land  winds.  Both  in  India  toi 
Algeria  marches  have  been  made  at  night ;  the  evidence  of  the  effacte  ol  ikii 

^  Hie  following  id  a  very  good  lotioa  for  spraiaa :  aal  lunaioniac,  20  gruns^  vteqpr  mi 
Mpini,  mi  ouaoQ  of  e&ch. 
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eir  diwordant  The  French  have  generally  found  it  did  not  answer ;  men  hear 
inJKfiglia  leas  well  at  night ;  and  it  is  stated  that  the  admissions  into  hospital 
tst^  ahrajB  increased  among  the  French  after  night  marching.  Annesley's 
IBtj  is  also  against  night  marching  in  India.  On  the  other  hand,  I 
been  informed  that  in  India  the  march  through  the  cool  moon-light 
]  Ims  been  found  both  pleasant  and  healthy. 

noon  marches  (commencing  about  two  hours  before  sunset)  have  been 

I  India,  and,  I  believe,  often  with  very  good  results. 

Mn§  in  Canada. — In  1814,  during  Uie  war  with  Arnica ;  in  1^37, 

the  rebellion;  and,  in  1861-62,  during  the  "Trent"  excitement^ 

marches  were  made  by  the  troops,  in  all  cases  without  loss.     The 

ilg  winter  clothing  was  issued  at  home : — ^A  sealskin  cap  with  es^ 

i;  9  woollen  comforter;  two  woollen  jerseys;  two  pairs  woollen 

I ;  a  chamois  leathern  vest  with  arms ;  two  pairs  long  woollen  stockings 

r  oyer  the  boots  ;  sealskin  mlts,  and  a  pair  of  jackboots.     In  Canada  a 

r  ot  blankets  and  moccasins  were  added,^  and,  at  the  long  halts,  weak  hot 

i  and  water  was  served  out     A  quarter  of  a  pound  of  meat  was  added  to 

\  xetion*     A  hot  meal  was  given  before  starting,  another  at  mid-day,  and 

'at  night     The  troops  were  extremely  healthy.     During  exposure  to 

,  spirits  must  be  avoided ;  hot  coffee,  tea,  ginger  tea,  or  hot  weak  wine 

nitor,  are  the  best ;  it  is  a  good  plan  to  rub  the  hands,  feet,  face,  and 

I  Hith  oil ;  it  appears  to  lessen  the  radiation  of  heat  and  the  cooling  effect 

fwiiid& 

*  Sm  lospector-Cbnejal  Mnir's  Report-^Anny  Medigil  Jteport^  voL  iv.  p.  878^ 


THE  EFFECTS  OF  MILITART 

Thb  influeTice  of  the  various  cfniditions  of  militaif 
records  of  eickn€«6  and  mortality,  and  this  muBt  be 
atatioDs.  ^m 

The  recruit  haying  entered  the  lanks^  begins  tii>4| 
}cept  at  his  dBp6t  for  some  tima  He  doe«i  not  go  iCT 
pleted  his  twentieth  year,  although  he  may  take  other 
We  should  suppose  his  life  would  be  a  healthy  one. 
to  a  certain  extent,  an  open-air  life,  yet  without  gteail 
labour  ;  the  food  ia  good  (though  there  might  be  m 
lodging  is  now  becoming  exceUentj  and  the  principleB 
ingB  are  carefully  practised  Although  the  mode  of 
proved  as  regards  pressure,  still  the  material  is  very  go 
from  the  pecuniary  anxiety  which  often  presses  so  har 
and  in  illness  the  soldier  reeelves  more  immediate  ai 
usutU  in  the  class  from  which  he  cornea 

There  are  some  counterbalancing  oonsidemtion& 
groat  compression  of  the  population,  and  beyond  a 
greatly  suffered,  and  even  now  autfers^  from  the  fon 
But  tliig  is  a  danger  greatly  le-sseniiigf  owing  to  the  e 
Improvement  C4>mmi8sioners,  and,  as  is  proved  by  the 
vict  jails,  can  be  altogether  avoided 

Among  the  duties  of  the  soldier  is  some  amount  of  i 
that  this  is  a  ^rious  strain^  and  the  Sanitary  C< 
inserted  in  the  Medical  Beguhitions  an  order  that  the  i 
should  he  carefully  reported  by  medical  officersL  Com 
be  informed  bow  seriously  the  guard  and  sentry  dutie 
in  full  dress,  tell  on  the  men  if  they  are  too  frequent 
is  quite  often  enough,  and  four  nights  in  bed  should 
DypnmTpn  fliinnn>  jyuaixl  and  transition  of  terns 
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dve  smoking,  drmking,  and  debauchery,  but  in  the  tropics 
and  inertia,  have  to  be  combated.  J^Iuch  ib  now  being  done  hy 
aading-Tooma,  trad^aa,  industrial  exhibitions,  &c,  and  by  the  on- 
}f  athletic  sports  to  occupy  spare  time,  and  already  good  rcsulta 
Kiuced. 

iflhmeut  of  tradei,  especially,  which  will  not  only  interest  the 
enefit  Mm  pecuniarily,  is  a  matter  of  great  importanca  It  haa 
ed  why  an  army  should  not  do  all  its  own  work ;  give  the  men 
opportunity  of  benefiting  themselves,  and  ennui  would  no  longer 
lia,  Lord  8trathnairn  did  most  easential  service  by  the  establiah- 
ifl  ;  and  the  system,  after  long  discuaaion  and  many  reporta,  is 
Led  in  England. 

J. proof 3  of  ability  for  command  and  administration  is  the  power 
inen,  not  in  routine,  but  in  interesting  and  pleasant  work,  to 
nt  that  rest  and  idleneas  may  bo  welcomed  as  a  change,  not 
en.  Constant  mental  and  much  bodily  movement  is  a  necessity 
it  is  for  the  officers  to  give  to  their  men  an  impulse  in  the 

XHL 

i  conditions  of  the  soldier's  life  adverse  to  health,  enforced  celilmcy 
oned.  This  produces  not  merely  promiscuous  intercourse,  that 
but  other  effects.  We  do  not  require  the  statistical  proof  that 
rmy  and  civil  life  married  men  have  less  illness  and  longer  hves 
aeu  ;  we  might  he  certain,  a  priori^  that  the  great  function  of 
;annot  be  thus  endangered  by  the  conditions  we  impoae  on  our 
DUt  injury.  The  continental  system  of  conscription  for  limited 
prevented  this  matter  from  assuming  the  importance  it  does  in 
id  for  long  or  pcrmjment  service.  For  our  own  army  the  question 
,ough,  nor  is  it  easy  to  offer  a  solution,  unless  the  system  of  short 
nd  to  have  a  good  efifect 

dint  which^  probably,  makes  the  soIilieT's  life  less  healthy  than  it 
rise  be,  is  the  depressing  moral  effect  of  severe  and  harassing  tiis- 
our  own  army  in  former  years,  it  is  impossible  to  doubt  that  die- 
aot  merely  unnecessarily  severe,  but  was  absolutely  savage.  An 
public  opinion  has  gradually  altered  this,  and  with  good  com- 
iei%  the  discipline  of  some  regiments  is  probably  nearly  perfect  j 
\  regular,  systematic,  and  nnfailing  ;  but  from  its  very  justice 
^1  and  fri>m  its  judiciousness,  not  felt  as  irksome  and  oppressive 

fid  result  of  the  Hfe  at  home  on  soldiers  must  now  be  considered. 
}  means  easy  to  say  whether  soldiers  enjoy  as  vigorous  health  as 
^m  wliich  they  are  drawn ;  the  comjiarison  of  the  number  of  sick, 
kyvk  lost  by  illness  by  artisans,  cannot  be  made,  as  soldiers  often 
ital  for  alight  ailments  which  will  not  cause  an  artisan  to  give  up 
comjmrative  amuunt  of  mortahty  seems  the  only  available  test, 
mot  be  considered  a  very  good  one. 
the  order  laid  down  in  the  chapter  on  Statistics,  we  have  to 


SECTION  I 

>BS  OF  STBENQTH   BY  DEATH  AND  INYALIDim 

^  FEB  lODO  PER  ANNUM. 

A.  Br  Deatbi 

understood  that  the  mortality  is  here  reckonei  on  fti«b  sJcwYi^^ 
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tbflt  isj  on  tlie  total  number  of  healthy  and   sick    persons  adutllj 
diirinj;  the  time.     The  mortality  oB  the  sick  alone  is  another  mAttec, 

Fn»ra  ihti  Parliamentarv^  Statietical  lietums  of  the  Army  (ISiOaiid  I 
which  include  the  years  1826-1846),  we  find  that  the  mortdit}^  unoiii- tt| 
c.ivalry  of  the  line  waa  at  that  time  about  Jd  more  than  among  theiinJaiki 
population  at  the  same  age  (nearly  aa  16  to  10*  per  1000)  ;  junongth-F^ 
Guards  it  was  mor«  than  double  (very  nearly  20 J  per  1000  as  a^nrt  Hn, 
anionfT  the  infantr}*  of  the  line  it  was  |ths  more  (or  18  per  1000  aaagaim^lA 

The  State  was  thus  losing  a  large  body  of  men  annually  in  excess  of ' 
woidti  have  been  the  case  liad  there  been  no  army,  and  wbs  iher&lam  sot 
auHmng  a  loss,  but  int^urriug  a  heavy  responsibility. 

In   the  Bplendid  men  of  the  Household  Brigade,  diseases  of  tht 
(including  phthisis)  accounted  for  no  leas  than  6 7 '7  per  cent,  of  the  <I^! 
in  the  cavalry  of  the  line  for  nearly  50  per  cent,  and   in  the  infantiy 
line  for  57  per  cent.  ;   while  amon^  the  civil  population  of  the  soldii  ' 
the  proportion  in  all  England  and  Wales  was  oidy  44 '5  per  cent  of 
deaths.     The  next  chief  causes  of  deaths  were  fevers,  which  account 
di  tie  rent  arms  of  the  service  for  from  7  to  14  per  cent*  of  the  tolsl 
The  remainder  of  the  causes  of  deaths  were  made  up  of  smaller  ifcemii^ 

These  remarkable  results  were  not  peculiar  to  the  Knglish  Armv. 
armies  did,  some  still  do,  lose  more  than  the  male  civil  populntioa  it  » 
same  age.     The  foDo^ving  are  the  most  reliable  atatiaics ; — f 

Armrfjott 


Prussmn  1(1867), 
Rufisiaiill  (aeries  of  years). 

(1857-1866), 
Austrian, 

Piedmont  e«e  (185&3^ 
lUlkii  (1870),       . 
Unilod  StAtes  (before  th«  ^ 
Portugueae  (1851^53),  , 
Dauien,        ,        *         , 


1*1 

ciil 

ni 

If 

US  J 


France  (1823),      ,         .         ,        .     28'8 
France  (PaixhanH,  1840),       .         .     1&'9 
Fmnce,  mmn  of  7  years  (ISea^eS),    lO'O 
France  as«9),     .        .        ,        .      0'56 
Franc*  (1872),      .        .        ,        .9*49 
French  in  Algeria  (1846),      .        ,     64 

„  ,,      (lS62-dO),         .     14 '98 

Prussian  t  (1846-1863,   exckding  )    ^.^^ 

officers),    .         .         .         »        •  I 
Prussian  {1869),   .        ,        .        ,       6 '10 
Pniasian  army  ( inclu  ding  the  Saxon  [     .  ,„  > 

and  Wurtembert'  cori^a  (1876),  .  (    *  "" 

The  old  Hanoverian  array  was  very  healthy,  losing  only  5*3  per  lOOOi^ 
a^^^ainst  9*5  among  the  civil  population  of  the  same  ages. 

In  these  forci^pi  armies  the  same  rule  holds  good ;   fevers  (chiefly  typttl 
in  all  probability)  and  phthisis  were  the  great  cause*  of  mortality.      In  PMI 
phihisia  formerly  caused  27  per  cent,  of  the  total  mortality,  but  in  tha 
phthisical  men  are  sent  homo,  and  after  a  certain  time  an*  struck  off  1 
so  that  the  army  deaths  are  thus  fewer  than  they  would  be  if  the  men  t„- 
tbeir  regiments.     In  Austria  phthisiB  caused  25  deaths  out  of  ©verv  100  • 
France,  22*9  ;11  whUe  in  1859,  the  proportion  among  the  ci\^il  populatioQ  v«  ' 
17"76  ;   in  Hanover^  39*4  ;   and  in  Belgium,  30  ;  though  in  the  latter  coofltrr 
the  proportion  among   the  civil  population  was   only  18*97    d^Ulis  Ism 


(20tiom\wm 


*  Tn  reality  the  d^atha  from  the  civil  male  populntioa  or  the  soldiers*  mocb  r^)  t 
below  10,  nnd  in  the  henlthv'  rlistrictH  niiicb  below  ;  the  case  against  th«  flioSiiier  II 
even  wane  than  it  reacls  in  the  text. 

t  Meyne  (El^mcntade  Stat  M6d.  Militaire,  18591  giv*?8  some  of  these  flffoi^a  • 
taken  from  the  report«i  of  the  different  nrmiea.  * 

X  Dt  Engel.  in  Zt.  des  K5nigl.  Prens^vii^h.  Stat.  Burean^,  Ang,  Hept,  1805,  p.  2H^ 

§  Stat,  Sail i tats- bericbt  liber  die  Kon.  l*r.  Armee,  for  1^^^7.  Berlin,  1S70,      Without  dMHi^ 
invalids  the  mortality  waa  only  ^'^11*6.     The  men  were  all  under  thirty  y<Mirs  of  mtte  wh 
be  tnken  into  at'cmmt.  ' 

,    II  Tlie  KuRsiaTi  niortnlity  lits  lately  befn  greatly  redoeed. 

ir  Tliia  wa«  in  IttttO;  1  have  calculate?*!  thia  fmm  Lavenm's  retumi  from  elevea  of  1^1 
gfirboni.  ■ 
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From  DiM>«tii!  mlrmp  <Lf,^ 

8-634 
7  800 
8-440 


per  100  of  all  deatW     In  Portugal  the  mortality  from  phtbiaia  con- 
t^^^s  22  per  cent  of  tlie  draths^*  while  in  the  civil  jKipiilrition  the  deaths 
JI  2  per  cent  of  the  tot^il  deaths.     In  the  Prussian  army  ia  1876  only  16 
mit  Were  from  phthisis.     In  these  armitis,  alao,  fevers  ciiiiaed  a  greater 
of  the  deatha  than  in  tlm  flngHsh  anay,  even  in  the  period  referred 
Cmi  Fnissia,  36  (reduced  in  1876  to  20);  in  Franco,  26  ;t  in  Belgium,  16*6; 
L  :ti  Hanover,  23*68  per  cent  of  all  deaths  were  from  fever  (t>7)hoiil  % 
::>xrtugal  only  3*9  deaths  are  from  tj-phoid  out  of  every  100  deaths;  tliis 
5  »3g  to  its  rarity  in  the  country  distrieta;  it  is  commoo  in  Lisljon. 
^^ — ►^t-hing  can  prove  more  clearly  that  ia  all  these  armioB  the  same  causes 
1^^    m^n  action.     And  from  what  has  been  said  in  previous  chapk^rs,  it  may 
^^^"^mcluded  that  the  reason  of  the  pTedominance  of  the^e  two  classes,  lung 
and  typhoid  fever,  must  he  sought  in  the  impure  barrack  air,  and  in 
fective  removal  of  excretiv. 

\  Crimean  war  c^jmmenced  in  1854,  and  ende<i  in  1856.     A  large  part 
ci  army  was  destroyed,  and  a  freiish  fore*  of  younger  men  took  its  place. 
L    afterwards,  the  great  sanitary  reforms  of  Lord  Herbert  commenced.     In 
yearly  statistical  returns  began  to  be  pubhshecL 

e  mortality  of  all  arms  has  undergone  an  extraordinary  decrease  from  that 
e  former  period 

Mortality  per  1000  f>er  Armnm^ 

I  From  m\l  Caium. 

K  Mean  of  ten  vears,  1861-70,     .         9*45 
■  1871,  8-62 

■  1875,  ...         9-36 

^  1876,  8*43 

^  The  diminution  over  the  years  previously  noted  (1826-46)  isextraordinnry. 
'  ^  nisea  only  can  be  assigned  for  it — the  youth  of  the  anny,  and  a  better 

1  of  men  ;  or  a  partial  removal  of  the  cauacs  of  diaeases  ;  or  earlier 
Jlvalidiug,  and  the  action  of  the  Limited  Enlistment  Act,  so  as  to  throw  the 
tita]  caseji  on  the  civil  popuhitiom 

Tho  question  of  age  has  been  examined  and  dispoaed  of  by  Dr  Balfoiir^ 
frho  has  shown  that  the  youth  of  the  army  does  not  at^connt  for  the  lessening, 
^fc  folrction  has  ahs-aye  been  made  with  equal  care,  and  invaliding,  though  it 
^Bbgtainly  has  been  greater  of  late  years,  does  not  appear  to  have  been  in  excess 
^^^^B^ent  to  account  for  the  lessening.  There  can  be  no  dcnjbt^  then,  that  the 
^^HKt  result  of  halving  the  yearly  loss  of  the  army  by  disease  has  been  tho 
^^Brork  of  Lord  Herbert  and  the  Koyal  Sanitary  Commission. 
^^^  It  will  be  observed  that  the  diminution  in  the  mortahty  in  the  French  army 
hmii  also  singularly  lessened  from  1846  to  1862  and   1863,  and  this  is,  no 

Jubt,  owing  to  the  great  sanitary  precautions  now  taken  in  that  army. 
II  is  curious  to  observe  that  in  the  French  and  English  armies  the  mortality 
now  almost  the  same,  viz.,  about  9*5  per  1000  present  with  the  colours  ;  it 
slightly  the  lower  in  the  English.  The  Prussian  was  about  the  game,  but 
now  much  less,  owing  prt>bahly  to  the  greater  youth  of  the  army. 
Of  the  diffewnt  arms  of  the  ser\dce,  the  cavalrj^  and  artillery  are  rather 
1^  naalthier  than  the  infantry ;   the  engineers  than  either ;   the  olhcers  always 

•  Marqiiefi,  reviewed  in  an  etc«llent  irticle  in  the  BritUb  amd  Foreign  MedicoChir.  Review 
|or  Ajinl  1863. 

■  Lftvenint  in  1860»  niade  the  nnml^r  25 "tl  in  tlie  deatha  tmvti  eleven  ginrkoiiii.     In   18fl3, 
morUliiy  from  typhoid  in  tie  Frvnch  nrmy  was  I '87  dt-ttths  j>Br  foOO  of  efTectivea  in 
tnoe,  1-63  in  Attftnia,  mtid  ^'hS>  in  Italy,     la  lSd6  the  mortality  wu  M6  in  Fmnce,  V^ 
J  Ali«n«.  and  2  2rJ  in  ItJily. 
j  Report  for  185»,  p.  e. 
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sbcyir  lees  moriiility  than  the  non^-oominiflBic 
non-coiamifl«inned  olhcere  less  than  the  piif 
is  often  a  singular  (iitference  in  the  mortality 
easily  accounted  for,  and  in  a  term  of  7€^H 

Compariiton  with  C^mi 

This  gpoBS  mortality  must  now  be  com  pa 
ion*     In  England  the  groaa  male  civil  marl 


From  20  to  25  years  of  age,   . 
25  to  35  „ 

35  t«  45  „ 

The  soldier's  mortality,  taken  as  a ' 
civil  |iopiilatioT^  but  then  there  ia  invalidii 
should  bo  madtj  to  the  mortality  on  this  acc< 

Comparing  the  soldier's  mortality  (invaUdi 
he  is  rather  more  unhealthy  than  carpenters 
(7 '94),  blacksmiths  (8-36),  grocers  (8-4),  fan 
spinners  (9*1),  and  shoemakers  (9'33),t  Bi 
(9-62),  miners  (9 '96),  taUora(ll'62),  and  pul 

Infltienee  of  Age  an  the 

The  following  table  from  Dr  Balfour  g 
depdtfi ; — 


90  and 

527 
4-40 

8-2 

7^3 


6*3S 

8 '68 

9-21 
7-93 


UnileraO. 

1865^74  (10  years),  3-03 
1875,  .  .  .  3*58 
Civil   male    popula- ) 

tion   in   England  j- 7 '41 

and  Wales,  j 

Healthy  districts,  5*83 

The  number  of  soldiers  under  20  years  of  a^ 
can  be  drawn  ;  but  it  would  appear  that  from  i 
able  to  the  soldier,  hut  after  that  the  propor 
diei*  more  rapidly  than  the  civUiau.  And  if 
validing  from  the  army,  it  seems  clear  that 
def  ideilly  injurious,  either  from  causes  proper  t 
engendered  in  it 

Cauwe  o/Moriaii 

In  order  to  see  the  principal  causes  of  the  « 
ttTiTmally  among  1000  men,  I  have  calculated 
Balfour's  most  useful  Reports  : — 

•  Iti  France,  m  1856,  the  mortftlity  wii— 

Per  1000  of  PopQlarton. 
Tr»r»,  With  MlUt« 

20  to  25, 10.15 

25  to  50 9-5 

80  to  35,  .        ,        .        .        .        J>*f 

ValUti  in  Abw.  d"ll\%.  awn.  \^^, ^,  1 C    T\v6  ve»  wm.  ! 
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Cfausea  of  Mortality  * 


aad  tuber- 

^  hiDtnoptjib,  " 

I  olheAft  Afid 

Bontm 
it  defitha, 

of  nerT«ii8 

felled     fevers, 
eoteric,, 

iriuTQ  trecneDAy  * 
{ other  cAUBCi, 


UmUMj  per 
anbtim  per  1000  uf 

strewifth  {ymi-n 


2U4S 

777 
•698 

'676 

'405 

'288 
•167 

1'7M 


I>e&tlii  In  IQd 


80*26 

1671 

888 
6 '64 

4-63 

3-80 

1*01 

•80 

20*07 


Be^tbi  In  lOu 


33  81 


901 

8 '54 
d-32 

6-60 


5  68 

3  03 

5-47 

'90 

22-65 


Dwth»  In  100 
4  ycArt). 


28-0 

167 

t 
6-3 

87 

4-4 

25 

t 

t 

21*3 


table  most  now  be  analysed  more  pirticulnrly. 
1.  Tuherculftr  Dt^e/Uiss. 

lie  deaths  from  phthisis  ami  hajmoptyRis  in  the  eight  yeara  ending  18C6 
3"1  annually  per  1000  of  8trcngth|  the  highest  aiimml  ratio  beinff 
3,  and  the  lowest  19 5.  In  1867-71  the  mean  mortality  \vm  2€AS  pr 
lO,  in  1872-75,  2  "34.  In  addition  to  this  there  vran  invaliding  for 
and  thus  a  certain  nninher  of  deatlu*  were  transferred  from  the  amiy 
I  civil  p<>iiulatioa  The  following  table  ahow.H  the  exact  numlter  in  four 
of  the  service  (two  cavalry  and  two  infantry)  in  seven  years. 

to  show  the  DmtJut  and  InvalitNnfj  per  annum  from  Phihrna  and 
^amf^jitijitis  in  HousehcM  Oandri/,  Cavalry  of  ihr  !Jm\  the  Foot  Guardii 
Infantry  of  ike  Line  (mean  of  mven  yearg^  (1864-70), 


bIhtBU  Knd  bemoptjtli, 
mkan  ftaxn  Alwitract  In 
Ippcndlx  to  Dr  Balitntr't 
kepurt. 


iBied  per  1000, 
I  InrahiW  per  1000^ 
I  Total  died  and  in-  j 
I    Talided  per  1000,  ( 


37(13 

8-234 

ir997 


CitvAlry  of 


Foot 

Qxuurdn, 


1*410 
4-025 

5*441 


aaoo 

©"491 
11791 


tnAntTT  of 

LlQC. 


2-120 
6  510 

7-830 


I  Uible  shows  a  considerable  difTerence  between  th<!  brancheg  of  the 
Hoe  ;  the  mortality  and  invaliiling  of  the  household  troofjs  an?  much  the 
pBtiL  Th«*  mortality  from  tnberiudoi*iH  of  the  infantr)^  of  the  line  is  below 
( Skaiin  mortahty  of  the  ai-my  at  large  ;  the  mortality  of  the  cavalry  of  the 
B  below  that  of  the  infantry. 

[t  i»  qnite  clear  (and  the  same  thing  is  seen  in  the  earliest  records)  that 
ire  IB  an  ercegsivo  rate  of  mortality  and  invaliding  from  phthiaiH  in  the 
imenta  serving  in  London,  which  points  to  aome  inthieneey  acting  very 
onouflly  upon  thanL     During  the  later  years,  however,  the  mortality  and 

Hiii  table  hap;  been  cftkul&ttfd  from  the  nnmbcn  in  App«tidlx  I.  of  Dr  Balfoiir'i  H«port 
Wi  Army  Med.  D«p&rtiD6iit  Blue  Bwki  (ld£^9-71),  o&a  fmm  tbe  subtequest  volutuet 
^75.  > 

The  ibriilged  form  in  which  the  statistics  have  been  pubHsbvd  adnoe  1874  pmvdati  theta 
tell  b«b)ff  given  in  detiui     Tfa«  number  gf  deaths  from  resptratory  diiMieft  -«q^\]|% 
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invaliding  in  the  foot  guaids  has  decieasecL  In  the  four  jean  n£o|C 
1870,  the  mortality  was  only  2*08,  and  the  invalidiiig  8-213  per  1000;  a 
the  improvement  has  contiiiued  may  he  seen  bj  the  foUowii^  taUn— 

Table  similar  to  one  on  page  609,  for  5  yean^  1871-75. 


Phthisis.  Ac 

Household 
Cavalrj. 

CaTalTjof 
Line. 

Foot 

Oojutla. 

Infa]ili7«r 

JSS' 

Died  per  1000,       . 

Invalided  per  1000, 

Total  died  and  in-  ( 

valided  per  1000,  { 

8-644 
8-662 

7-806 

1-786 
4-848 

6-084 

2-086 
6-818 

8-904 

2-096 
4733 

6-888 

IIV 

From  this  tahle  it  may  be  seen  that  an  improvement  is  deodedlrt 
plac^,  except  in  the  cavalry  of  the  line  and  the  dep6tfl^  there  beiog'ii 
increase  in  the  former  and  a  very  high  and  increasing  rate  in  the  latat 

How  does  this  mortality  compare  with  that  of  the  male  civil  pajwtoH 
the  soldiers'  ages  ? 

Mortality  from  Phthisis. 

Hale  Civllf  ans.*  Ace. 

All  England  and  Wales,  .         20  to  25  3-5 

4^ 
41 
41 
3-7 
41)! 
4-5 
50 
1-95 

Tlie  deaths  in  the  army  from  phthisis  and  haemoptysiB  do  not  exeM^^I 
deaths  in  the  population  generally.  They  are,  however,  much  greater  ^\ 
the  best  districts  in  England,  though  fewer  than  in  the  woistb  Bot  ii^l 
army  there  is  invaliding  also  ;  that  is,  men  with  a  fatal  diaeaae  are  din^l 
into  Die  civil  i)opulation.  Taking  this  into  consideration,  as  expressed  is H 
ta])Ie  just  given,  it  seems  certain  that  phthisical  disease  is  in  excen  ii'l 
army  as  conii)ared  with  the  male  civil  population. 

Did  the  aniiy  suffer  more  from  phthisis  in  former  years  than  it  doe**'  I 
The  following  table  ^will  answer  this  question  : — 


25  „ 

30 

30.. 

35 

35  „ 

40 

15., 

55 

25  „ 

45 

•         15,. 

55 

London,         ... 

Worst  districts  in  England,  excluding  hospitals^ 

Best  districts  in  England,       .... 


Deaths  from  Phthisis  j^er  1000  of  Streiigth, 

Years  I8S»-36 

Household  Cavalry,     .         .         .         .         7-4 
Cavalry  of  the  Line,     ....         5*29 

Foot  Guards, 10-8 

Infantry,  


Teanl«7<« 

6-28 
5-65 
11-9 
7-75 


Mean,         .         .         .7*83  7.^9 

During  these  two  periods,  which  make  a  total  of  seventeen  Tttoi  ^  I 
mortality  was  7-86  per  1000,  and  there  was  no  decline   in   the  later  tsc^ 
pared  with  the  earlier  period. 


■^  Parliamentary  Retnm  o£  Annual  Average  Mortality  during  the  I>ec«iiEdA]  P^riml  ISSKft 
Feb.  1864 ;  and  Dr  Parr's  Report  to  the  Sanitary  Commisaion,  p.  507.  -r^nwi,  lo*.-^  ] 
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■  aa  in  the  eight  years  ending  with  1866  the  mortality  \va^  only  3*1  per 
B  there  must  have  been  au  t!normou&  exc<i^8  of  morbiility  m  the  earlier 
■^niilesa  it  can  be  explained  in  some  waj.*^ 

Hn  the  earlier  pericxls  the  murtalitj^  from  chionic  bronchitis  was  included 
f  phthisical  mortality.  If  a  correction  h  made  for  this,  the  niortahty  of 
j^od  1859-1866  vims  only  tc:>  3"3  ;  eo  that  wiU  not  explain  the  dillereuco, 

■  Was  the  invahding  more  active  in  the  laat  period,  so  ae  to  lemQn  the 
ft  occurring  in  the  army  below  what  would  have  taken  place  without 
Hing  ]  I  have  not  been  able  to  learn  the  amount  of  invaiiiHng  in  the 
■*  period,  but  I  have  been  t<ild  there  is  no  reason  to  think  it  wm  lii8«  than 
fcnently,  l>nt»  on  the  contrary,  it  wa.^  very  large  from  the  UmA  guanla. 
fcivalijJing  cannot  account  for  the  diJference  is  seen  by  the  faet  that  the 

■  deathjB  per  1000  in  the  seventeen  years  entiing  1846  (viz.,  7'86)  wei*© 
■mmerous  (in  the  cavalry  and  infantry  of  the  line)  than  deaths  and  in- 
pig  tog^ither  in  the  period  of  fi%^e  years  ending  1871. 

B|^  Limited  Enlistment  Act^  by  which  a  certain  number  of  wejikly  men 
^^■tbly  have  left  the  army,  has  been  in  action  in  the  last  i>eriod.  X 
^^Bimate  the  amount  of  thh;  action,  but  it  ia  in  the  highe^^t  degree  im- 
^^KHiat  it  ha;s  much  direct  e6eet ;  for  if  a  man  of  nearly  ten  yeai^a' 
^^Were  ill  with  phtliisis,  he  would  1m^  sure  to  get  invahded,  in  order  to 
his  temporary  x>emjion  for  two  or  three  years,  and  would  not  simply 
lis  dischai^. 

The  lessened  age  of  the  army  at  large,  if  the  Limited  Enlistment  Act 

foduced  that  eflect,  might  pcrhapst  have  had  some  oifect,  as  mortality 

riithisis  inei'easei*  with  age  in  the  French  army,  and  piHilmbly  in  our  own  ; 

as  would  never  account  for  the  aatonii^hing  diffei-ence;  for  in  the  French 

the  increase  fr<>m  jjhlhisis  of  the  men  over  fourteen  years*  service,  as 

kred  with  thosi3  under,  is  only  one  per  1000  of  strength, 

include,  then,  that  there  was  a  grt3ater  ext!efiH  of  the  disorganising  lung 

|i  elaued  as  phthiaia  in  the  earlier  period  (1830-46).     The  amount  of 

b  strongly  attracted  the  attention  of  Sir  Alexander  Tnlloch  and  Dr 

mu  in  1839.     They  state  that  in  tlie  Equitable  Assimmce  Company  at 

fame  the  annual  niortahty  (at  the  ages  *20  to  40)  fronidis^^ase  of  the  lungs 

3*4  per  1000  ;  while  in  the  yeai-s  1830-36  the  moit^dity  from  lii.sease  of 

bings  among  the  foot  guardjs  was  no  less  than  14d  per  1000,  of  which 

kls  alone  caused  10*8.1 

fow  do*3S  our  army  contrast  'ivith  others  1 

1  Pmnce  the  deaths  from  phthisis  and  chronic  bronchitis  together  amount 
5  per  1000  of  **  prLsent/'  but  Hoaie  die  **  en  eoufje  ;"  and  it  is  prtjbable 
ere  is  at  present  as  much  phtiiiBis  in  the  French  as  m  our  own  army, 
Prussian  array  the  men  are  a!ao  dischajged  eai'ly,  so  that  comf>ariflon 
ult. 

the  Pru^ian  aniiy  the  mean  yearly  mortality  from  laryngeal  and  lung 
8  was  L28  per  ^1000  of  strength  (yeara  1846-63)  ;   in  1000  deaths 
ere  13^^7-     I  do  not  know  the  amount  of  invahding. 
may  conclude,  then,  with  regard  to  phthisis — 
That  it  was  formerly  in  enonnoua  excess  in  the  anny  over  the  civil 
tion,  and  particularly  in  thi3   foot  guards;   in  other  wonla,  a  large 
tut  of  consumption  was  generated. 

[the  9  yeara  mkAlng  with  1B75  it  waa  only  2  51  ptf  10<)4>. 

ommcnting  on  taia  fact  the  reporttn*  my  (Army  Medical  R#port  of  IS39,  p.  13)- 
i^gi«ga.tJon  cpf  &  mimbe'r  of  mea  into  one  flpartmi'nt,  evea  thrtugii  the  fipjio«  it*  not  very 
0Baieaa  tendeucv  to  tbiK  (iiseaae,  then  it  clearly  poiutft  out  the  pmv>ntity  ai  i*(tQT4\v»% 
p  ample  Vimick  accommodatioa  &s  possible,  "^    Thus,  even  at V\^«X  vXnv^ ,  \V  "wwr «i^w 
r  ettae  hot  overcrowding  could  account  for  the  gt^at  an^i>uut  ^l  \wv?,  ^liswawsto. 
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2,  That  there  has  been  a  great  de 
in  all  prttbabLLity  some  excess,  especially 

^Vlutt  aiT  the  causes  of  tbia  pbthigica 
iiotlcenl>!e  that  in  the  earlier  periodB  all 
excess,  and  we  can  readily  see  that  a  nu 
produoing  the  result,  and  that  destnict 
many  caiiaes.  Still  there  must  have  be 
work, 

Tlie  fkhtliisis  was  not  owing  to  climate 
we  shall  hereafter  see  that  the  same 
Htations  and  tliG  West  Indiea, 

It  was  not  owing  to  eyphilis,  for 
has  rather  introased  than  diminiehed,  wh 

It  was  not  owing  to  bad  food,  for  the  fc 
and  yet  the  amount  of  phthisis  was  widi 
been  compnnitively  little  altert*d. 

It  can  Imrdly  have  been  the  dutie 
no  sufficient  change  in  cither  to  aocoimt  f< 
of  one  of  the  cross-hplu  some  years  ago  ha 
have  only  affcctifd  the  infantry. 

It  muHt  have  been  some  conditions  at 
ilk  the  hou.s*diold  cavalry,  and  less  in  th 
be<ui  acting  in  the  troops  stationed  in  the 
Thenj  ifi  unly  one  condition  coiumon  to  d 
it^  itnd  that  the  cause  noticed  in  the  Eepo 
comlition  was,  and  is  still  most  marked 
and  l*?aHt  in  the  barracks  of  the  cavalry  o 
which  has  undergont*  a  very  decided  chan 
consideration,  as  Veil  as  those  fonuerly 
to  me  to  moke  it  almost  certain  that  the  b: 
was  the  {irincipal,  perhaps  the  only,  cau» 
diHi  asf^8,  If  this  Ihj  ao>  it  shows  that  t 
housed  of  any  troopa. 

%  Diseases  of  the  He 
The  fact  that  diseases  of  the  circulaioi 
death  in  the  army  at  home  may  weD  eux\ 
m  much  in  the  artillery  and  cavalry  as  in 
of  Rtrength  for  the  five  yexira  (1867-71 
circulation  was  1'462,  and  in  those  years  < 
16 '7  were  from  disease  of  the  heart  and  ve 
amount  of  invaliding  from  this  cause. 

If  the  fatal  diseases  of  the  circuktory  * 
are  ilividod  into  two  classes,  those  referre' 
(chioiiy  chronic),  and  those  referred  to  am 
return  headed  **  Degeneratio  Aortce"),  it  i 


From  cardiac  disease, 
Prom  aneurism, 


I 


Total,     , 
These  numlieCi  $x^  higher  than  those  c 

from,  difteasoa  of  Wi*  t\TC™\aA«t^  «r;j%\«tTa,  "^u^t*  V^ 
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lortality  from  circulatory  diseases  was  only  *908  per  1000  of  strengtli,  and 
perceiit%^ti  on  the  Uital  ileaths  wns  9. 

QxiB  mortality  is  in  excp^is  of  that  of  the  civO  male  ]>opulation  nf  the  same 
Peapecially  as  regnrds  aneurism*  l)r  Lau  son  Lqa  calcuJaleil  that  aneurism 
Qeven  timea  mor«  frequent  among  etildiL^m  than  civilians  ;  and  hf  him  also 
iculaletl  thfit  among  civilians,  aged  15  t€  44,  the  rati^j  of  mortality  from 
frUac  allectitnis  alone  ia  *45  i>tr  1000.  The  army,  then,  in  the  years  1867- 
»  had  an  extni>a  of  -277  per  1000  of  hmrt  disease,  Myers'  Btiitistlcs  atla 
llfimmtory  Tlie  amount  of  heart  disease  is  greater  among  the  foot  guards 
Aa  among  the  mL4ropohtan  poHcemen.  Myera  in  hia  ahle  treatise*  gives  the 
lowing  numbers  ; — 

Died  per  1000  InrnHdod  p«r  1000. 

Foot  Guards,  .         .         .  *8  3 '2 

Police,  .  ...         '29  1-37 

18  greater  among  soldiers  thftn  sailors ;   from  six  years*   ohservationi 
"  -65)  Myers t  makes  the  navy  mortahty  -tiG,  and  the  invalidini^  344  pr 
while  in  the  army  in  the  same  years  the  mortaMty  was  %  and  the 
itig  5*26. 

the  different  arms  of  the  service  are  taken,  the  foUoMring  numbers  are 
Bmby  the  five  years  18G7-71  : — 


Meati  yearly  hirength, 

E*otal  detiths  from  dinease  of  the  I 

heart  ia  five  ycurs,   ,         .         .  j 

tTotal  deatliB  from  aneariflm  m  [ 

fiveyeni-s,         ,         .         .         ,  ( 

Bwu-t'dtraths  per  1000  of  strength, 

riiftiiml  ueaths  per  1000  of  I 

per  taaam,       .        .  \ 


Cavalry  of 
Gtiard. 


1,213 
1 

2 

•181 
-B29 


C«ralr7  of 
Line. 


8,468 
24 

87 

•666 
*873 


ATtlUay. 


9,417 
57 

49 
1-210 
1-041 


FfNifc 

Ottudi. 


&,749 
19 

20 
'661 
*096 


Infautiy 
uf  Une. 


31,729 
73 

108 
'460 
*649 


numhers  ia  the  household  cavalry  are  so  small,  it  is  not  safe  to  use 
but  the  other  uumbers  are  suttieiently  large  to  render  it  prolmhle  that 
«i*tillery  shuw  a  largLT  proportion  of  fatal  t^anliuc  and  aneuriHrnul  ea^us  than 

other  body  of  troopa  The  line  cavalry  and  line  infantry  both  show 
icsr*  an  excess  of  aneuriwmal  over  heart  deaths  ;  while  the  artillery  «hovr 
^  heart  thiin  aneuriamal  de^iths,  and  iu  the  foot  guards  the  j>ro portion  is 
al^  The  point  which  comes  out  clearly  from  the  table,  in  addition  to  the 
■  ainoimt  in  all,  is  the  exces»  of  both  cUu^ses  of  deaths  in  tlie  artillery  ;  that 
^tt.  real  excess  is  seen  by  com|mring  the  yearly  number  of  the  artillery  and 
lix-y  of  the  line  who  did  not  difFer  greatly  m  mean  etrengtlL  The  produc- 
n  c:»f  thtise  diseases  of  the  circulatory  organs  begins  very  early  in  the  military 
I^XT*  In  1860-62  I  calculated  out  the  cauaea  of  invaliding  in  fitTiG  men. 
■:^«8e  10l4  were  under  two  years'  ser\dce.  In  the  wholo  number  the  per- 
&-^g«  of  heart  and  vessel  disease  as  the  cause  of  tbe  invahding  was  7 '7  ; 
ta.jg  the  men  under  two  years'  service  it  was  14 '23  jier  cent.     As  these  men 

rreaumably  healthy  hearts  when  they  enlisted,  the  eJlect  botli  of  the 
'-^^ry  life  in  p^rodueing  diseases  of  the  circulatory  organs,  and  the  gi eater 
5x-ing  from   it  of  young  soldiers,  seems  certain.     The  slutii^lies  in  the 
kpaack  Committee's  Report  confom  this. 
*^G  caase  of  this  preponderance  in  the  army  of  diseafies  of  the  circnlatoiy 


of  Heart  among  Soldien,  by  A.  B«  K.  MyerSi  Coldatreftta  Guax^Ia.    Vou^sai. 
^^^«ams^  of  Heart  among  Soldi6n/p,  11, 


614 


UOUE  SERVICE. 


ilM 


oigana  is  a  matter  o!  great  unportance.  What* 
that  they  produce  both  the  cardiac  and  the  ait 
The  two  most  common  cauaes  of  heart  disei 
rheumatic  fever  in  young,  and  renal  disease 
cause  ifi  ccrttxinly  not  acting  in  Uie  army,  « 
iiifiufficient  to  acconiit  for  the  facta,  A  great : 
from  h*nirt  and  vessel  di^^ease  have  never  had 
reftT  the  aiTectioii  to  slight  attacks  of  muficular  r 
man  has,  we  are  cei-taiidy  going  beyond  what 
warrants.  The  effect  of  lung  dieea^  in  prodi 
not  seen  in  the  army  to  any  exttmt 

The  iuHuence^of  syphilis  in  producing  struct! 
was  noticed  by  MorgagiiL  In  114  post  mo: 
dying  at  Netley,  I>r  iJavid&on*  found  22  caaes 
those  17  had  a  sy]shilitic  history,  1  was  donbtf 
but  had  heart  and  lung  diseaaea.  Of  tlie 
ayplilhtic  hii?itorj  and  had  4  cases  of  atheroma 
marked  Byphili tie,  history  and  17  had  atheroma, 
This  Beems  very  strong  e\^dence  as  to  atheroms 
actual  aneimsia^  no  corn*8ponding  analysis  of  ca 
fore  at  pruaeiit  the  ellect  of  syphilis  must  be  co 
qaite  cleiiT,  even  admitting  its  influence,  then 
syphilis  prevails  more  among  soldiers  than  anu 
of  the  same  ehiss.  It  is,  therefnr*?^  unlikely  it 
really  oefnirs  among  soldiers,  and  if  it  actually 
seems  pmbalile,  eould  produce  11  timea  aa 
persons.  Myers  huis  a  J  ho  given  evidence  that 
aneurism  is  sometimes  not  preceded  by  degenefi 
in  these  cases  mere  intprojier  exertion  seemed  to 

The  eiTect  of  excessive  smoking  again  has  be 
soldier's  cardiac  disease ;  but  no  one  who  kno 
tineiital  nations,  and  of  some  classes  among  c 
believe  this  to  be  the  cause. 

Again,  the  effects  of  alcohol  in  constantly  nil 
of  the  heart,  are  so  marked  as  to  make  it  highb 
of  great  imjiortanre  ;  but  soldiers  do  not  diinl 
ci\'iljans,  as  to  lead  us  to  think  the  cause  can  es 

There  is,  however,  one  cause  which  is  conti 
sokliersj  and  that  is  the  exertion  foften  rapid  an 
of  the  duties  involve,  f  The  artiUery  have  very 
violent  and  sudden,  more  so  perhaps  tlian  in  i 
ftls4:>  have  sudden  work  at  times ;  and  the  infai 
labour  is  not  excessive,  is  yet  sometimes  called  n 
and  that  not  elowly,  or  with  rests,  but  with  greal 
18  in  aD  arms  undertuken  with  a  batl  arrangeme: 
Th«  cavahy  and  artillerj^men  are  very  tightly  c 
carriefl  some  of  the  bimlen,  it  is,  I  believe,  v 
overweighted.  In  the  infantry,  till  lately,  they 
with  collars  made  close  round  the  neck,  and  tro 
up  hj  a  tight  belt)  ;   there  was  a  broad  strap  ii 

♦  Army  MedicaJ  Departtnetit  Report^  voL  v.  p.  481, 
t  For  a  Ml  and  nble  [Uaciiaston  on  all  those  poinfci,  end  1 
to  Mr  Mjeis*  exceWfcul  ^otVl,    Ou  ^«i  «i?l<ic^,  ^\  ««^W  *» 
tropliy,  1  may  ttfer  V>  Dr  YrtoXisft^^  "^v^x  XsiNvs^o^*  k 
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and  ammunition,  crossring  and  binding  down  the  chest  ;  and  there  -was 
I  IciMtpsack  coiistrictiiig  the  iipjwr  part  of  th(i  che^t,  and  hindering  the  air 
in  pa&aing  into  the  proper  lobea 

^Qie  production  of  heart  liiflease  ought  not  to  he  attributed  solely  to  the 
l^^eaok,  as  is  ^imntime^  done  ;  the  kna[>8nck  is  only  one  agency ;  the  ctosb- 
■riras  probably  woiiie,  and  the  tight  clothes  add  their  iniluence^  But  even 
EEa  the  knapsack  alone  the  effect  on  the  pulse  is  considerable^  and  one  or 
ro  of  my  experiments  may  be  given  in  illuatnition.  lluis,  four  ationg 
lidiers  Cfirried  the  old  regulation  kniipaat^k,  service  kit,  greatcoat,  and 
mteen,  but  no  pouch  and  no  waist-l>elt  {except  in  one  man).  The  pulse 
itentling)  before  marching  was  on  an  average  88  j  after  35  minuter  it  had 
m&n  on  an  average  to  105  ;  after  doubling  500  yaida,  to  139,  and  in  one  of 
hA  men  waa  164,  ii-regidar  and  unequaL  After  the  double  tliey  were  all  un- 
it for  further  exertion.  In  n  tif th  man,  who  waa  not  strong,  the  35  minutes' 
nanshing  raised  the  pidse  from  120  to  194;  after  doubling  250  ym-ds  he 
4op|ied  ;  the  pulse  then  coidd  absolutely  not  be  felt  In  another  series,  the 
Mramge  puli*e  of  four  men,  with  the  knapsack  only,  wm  98  (stiinding),  after 
)&e  hour's  march,  112  ;  after  their  doubling  500  yarda,  141.  If  the  pouch 
•nth  ammunition  m  iwlded  the  ellbct  is  still  great^^r,  I  have  taken  the  pulse 
-spiratioDH  after  kmg  marches,  and  foimii  the  effect  atLLl  more  marked. 
N         j].L?»  of  course,  will  ipiirken  the  pulse  and  regpiration  in  any  man,  hut 

tp  to  iiuch  an  ext-tintjand  the  sens*^  t>f  fatigue  in  unincumbered  men  is  much  less. 
In  the  lecturo,  formerly  aUude<l  to,*  my  coUaague,  Br  Maclean,  put  this 
tmtter  moBt  forcibly  Ijefore  the  authorities,  and  I  believe  he  is  ijuite  justified 
in  the  expression  that  one  great  cause  of  the  canliac  (and  |>erhaj>3  of  the  aortic 
and  pulmonary)  disease  in  the  army  is  to  be  found  in  exertion  canied  on 
tmder  imfavourable  conditions. 

Happily,  much  haa  been  lately  done  by  the  autharifciejj  to  remove  this  cause ; 
bat  still,  especiially  in  tlie  artillery  and  mounted  8erviee,t  changes  ajvpeiir  to 
he  necessary,  and  in  all  arms  it  is  desirable  that  officers  should  allow  their  men 
to  do  their  work  under  the  easiest  conditions,  as  regards  clothes,  weights^  and 
Attitudes,  consistent  with  military  discipline  and  order. 
^E^  3,  Tfie  Nermm  Diaeamji, 

^Khese  form  a  very  heterogeneous  class :   ajwplexy,  meningitis,  paralysis, 
^pida,  &c,,  are  the  chief  hoadinga     The  ^proportion  to  1000  of  stn?ngth  is 
ifeut  ^6,  and  B'^  dt^itlis  of  every  100  are   owing  to  nervous  diseases     As 
imong  the  male  civil  i>opnlatioQ  (ages  25  to  35)  the  deaths  are  also  6 '6  per 
iL  of  total  deaths,  soldiers  do  not  appear  to  suffer  more. 
4.  Pneumonia  and  Acute  BrontMtiJs.X 
Table  to  show  the  admissions  and  deaths  per  annum  per  1000  of 
strength,  years  1859-71  (13  years). 


PnenmfiiLlL 

Acute  Btonetiftii. 

AdmUsluoA. 

Duflttui. 

Deatbs.   ^ 

Average,            .... 
Highest  ill  thirtwn  years, 
Lowest  in  thirteen  yearji^ 

5  "26 
a^49 

■641 

'741  ; 
'42S  ; 

5rr65 
88 '00 
30  10 

'227 
'38 

'08       1 

^_    E07&I  United  3emc«  Institiitinn  Jouraal,  1845,  toL  vilt 

4"  Tlifl  cardiac  dkeases  are  of  the  mo*t  vuriod  kind,  I  have  seen  at  Ketlef ,  in  I>r  Macleaa'i 
Wftitid,  in  one  hoof  in  tba  aummer,  wb<:n  the  hoepitiii  b  fall^  almost  all  the  oombtnations  of 
beart  atfectionB.  It  haa  appeared  to  me  ibat  if  auytbing  glvea  tba  tandaney  to  haart  afTectiona, 
then  tliti  dreBfl  and  the  accoutrements  comft  in  aa  acccaaoty  cauaaa,  and  prevant  all  chance  of 
cam.  Id  aoma  caaaa  there  in  no  v&lvular  dtiieastif  and  not  much  hypertrophy  of  the  heart,  but 
m  aliijplar  excitability,  so  that  the  heart  beata  frigbtfuUy  quick  oa  th«  but  ezerUoo, 

X  Separate  data  are  sot  pxxUkh&d  for  the  later  years, ^ 
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Thr  icme  inflamzcatorrdiseaaes  of  die  fanigs  ghne^ 
ciriAliiv  of  •?56  per  lOCfO  of  £Cren3:th- 

In  the  FrezkchannTpDemnontt  gxrcsa  Iowa;  and 
m'^nalirr  than  in  our  ovn,  bat  this  is  peiliapi  < 
claniR. 

TiAc  opizu>n  that  the  mifitary  saSet  mote  tlian  the  orfl 
pneiizikonia  L»  an  old  one.     It  is  alao  genefmllT  betiered  tiiat  dKj 
tL*^  tirld  th^r>  in  garrison.     I  hare  been  ni^^blp  to  find  rta tiitri  Atf 
ej?  as  to  the  amount  among  the  ciril  popnlafiop.      In  the  EmopHapap 
;:^aeraliT,  Zi^rznseen  *  gi^ee  the  deaths  from  pnemncMiia  as  1-5  ;  nd  Oa 
leo.'i-  1-25  per  1000  ,:  bat  this  inclade«  all  age^  and  both 
alone  it  is  certainly  greater  than  among  women.       In  I/widon^  ia  ItGi 
mortality  from  pneamonia,  benreen  the  ages   20  and  40  (both  maa), 
yzt  1000  population.  % 

If  this  be  correct,  the  mortality  among  aoldien  ia  below  the  dril  wa 
or  soldiers  are  le^  subject  than  civilians  ;  for,  as  men 
j.neamonia  than  women,  the  moitality  among  the  civilian  males  woiiii 
greater  than  1  per  1000,  bat  the  military  moitalitj  is  only  "ML  t 
mortality  among  the  army  pneumonic  cases  (deaths  to  tzesled),  M» 
<  iverage  of  thirteen  years;  to  12*18  per  cent.,§  and  as  tliia  is  yerr  nedr^ 
ci\-il  proportion,  every  1000  of  population  in  London  gave  ww  cast 
pneumonia,  while  1000  soldiers  gave  only  five.  It  may  be  said,  hovrr^^i 
London  is  not  a  fair  test  ;  but  as  a  plac»  of  residence*  for  soldieis  it  di«^ 
aj'pear  to  preiispose  to  pneumonia,  as  will  be  seen  from  the  following  ti^ ' 

Fviaeo«raacMBa. 

Foot  Gbbi^  Utosvk* 

Admissions  from  pneumonia,     .         «         .  3 '75  6*0$ 

Deaths  from  pneumonia.  ....  -44  -6^ 

The  mortality  to  cases  treated  in  the  five  years  1867—71  was^  in  the  Gtf 
10 '68,  and  in  the  infantry,  11 -7  per  cent 

Althouj^h  I  do  not  see  that  pneumonia  (and  acute  bronchitis  T)  axv : 
common  or  more  fatal  among  soldiers  serving  at  home  thun  among  citili 
the  above  figures  show  what  a  fatal  disease  pneumonia  is^  and  how  wdd 
renewed  study  its  causes  are, 

5.  The  Class  of  Continued  Fevers 

The  returns  do  not  carefully  distinguish  the  several  forma,  but  practi 
the  majority  of  the  fatal  cases  of  **  continued  fever  "  are  from  en 
(typhoid)  fever. 

There  has  been  a  great  decline  in  this  class  of  late.  In  the  ten  ] 
(1837-46)  the  average  admissions  were  62,  and  the  deaths  1-72  per  lOi 
strength.  In  the  eight  years  ending  1867,  the  admissions  averaged  22, 
the  deaths  "5  per  1000  of  strength.  In  1871  there  were  only  80  caa 
enteric  fever  and  22  deaths  in  the  whole  army  of  87,000  men.  In  the 
years  ending  1875  the  mean  total  deaths  from  continued  fever  weie  0*3 
1000,  and  they  amounted  to  4 '4  per  cent  of  the  total  deaths. 

This  mortality  is  decidedly  below  that  of  the  male  civil  population  o 

*  M ODAtft-BL  Air  Med.  SUt  1857,  and  Schmidt's  Jahrb.  1862,  Xa  8,  p.  337 
.    +Med.SUtMt.2deditp.  567.  ^  ih  ^i. 

i  Vacfaer.    Snr  U  Mort.  en  1865,  Paris,  1866,  p.  137. 

i  In  thirteen  yean  there  were  4K26  cases  treated,  and  588  deaths,  or  12*18  deaths  wa 
In  Ganad^  the  deaths  to  admissions  were  only  7*13.deaths  per  cent.  (arexBge  of  tw^n 
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■e  agc^  wtdch  amounts  to  9  "6  per  cent,  of  total  deaths,  and  very  nearly  I 
1 1000  of  popiiktion, 

buriDg  late  years  no  poiate  have  been  more  attended  to  in  tlio  anny  than 
p  water  supply  antlgood  sewerage,  antt  we  see  tbe  result*  in  tliia  very  large 
lanution  of  deaths  from  the  rate  of  the  former  period,  and  in  the  fat^t  that 
fhiB  particular  cla^s  of  disease  the  soldier  is  fai'  better  olf  tlian  the  civil 
>tilation.  Bo  also  the  cholera  of  1866  passed  very  hghtly  over  the  army  at 
(only  13  deaths  out  of  70,000  men),  although  in  former  epidemics  the 

fifered  considembly. 
Mechne  of  enteric  fevers  confimia  most  strongly  the  doctmie  of  its  in- 
depondeiice  on  had  sewage  arrangemeiitfl* 
greatest  amount  of  typhoid  fevers  in  the  army  is  in  the  garrisons  in  the 

the  least  in  the  campa 
other  classes  of  disease  causing  mortality  need  no  comment  Chronio 
coiicliitis  is  no  doubt  to  be  chiefly  referred  to  phthisis  {using  that  tcsrm  tis  a 
^neric  word  ti>  iufdude  various  disorganising  lung  diseases),  and  dehiium 
aens  is  a  retiu-n  which  will,  no  doubt,  graduaDy  disappear. 
lie  smaUer  items  of  mortahty,  makiog  up  22  out  of  every  100  deaths,  are 
lous ;  erj  aipelas,  pyiemia,  eyphilia,  hepatitis  (in  men  from  foreign  service), 
itis^  rheumatism  {from  heart  complication  probably,  hut  returned 
iieumatism),  diabetes,  ebrloaitas,  scarkt  fyver,  and  diphtheriii,  arc  a  few  of 
many  causes  which  carry  off  a  email  number  every  year.  The  cancerous 
.  kidney  diseases  are  very  few,  as  we  might  exi>ect  from  the  age  of  the  men. 

Co  sum  up  the  case  as  regards  the  present  mortahty  on  home  service,  it  may 
[atated  that  for  the  hist  sixteen  years  (up  to  1875)  there  has  been  some 
ling,  but  no  great  fall  in  the  number  of  deaths.  There  is  still  much  to 
one  in  resfMMjt  of  preveating  disorganising  lung  disease,  disease  of  the 
atory  organs,  and  even  fever,  for  we  ought  not  to  he  satisfied  until  the 
.  enteiic  fever  ia  altogether  obliterated.  A  renewed  study  of  the  causes 
^neamonia  Ls  also  necessary^  in  order  to  see  if  some  way  or  other  the  attacks 
f  fatal  disease  cannot  be  lessened.  There  is  no  reason  to  think  that  wo 
;  yet  touched  the  lowest  possible  limit  of  preventable  disease ;  but,  on  the 
jontiary,  we  can  see  clearly  tliat  the  soldier,  comparatively  healthy  as  he  is, 
nay  be  made  more  he^-althy  stlli  Some  el'idencB  in  support  of  such  a  view 
nay  be  found  in  the  fact,  that  both  at  Gibraltar  and  in  atune.  of  the  West 
[ndian  stations  the  mortality  has  been  lower  in  some  years  than  it  has  ever 
HM^kt  home.  But  there  is  no  reason  why  the  home  mortality  should  not 
^^^piced  to  the  standard  of  those  foreign  stationa 

BBlPimporfcant  question  now  arises— Why,  after  thirty  yeai's  of  age,  should 
Sfi  aoldit-T  die  more  rapidly  than  the  civilian,  though  for  the  first  ten  years  of 
tti  service  he  has  a  smaller  mortality*  Thif  causes  may  be  foreign  Ber^dce, 
BB  social  habit*  (i.e.y  excess  of  drinking  and  syjihilis,  or  other  effects  of  en- 
wced  cehbacy),  night  duty,  exposure  on  guard,  and  prolonged  influence  of 
mpure  barrack  air.  But  to  which  of  these  the  result  is  owing  could  only  be 
letermined  by  accurate  statistical  inquiries  of  the  causes  of  niort,ility  at  the 
Jder  agea  We  do  not  know  these,  and  it  is  of  no  use  to  discuss  a  topic  on 
ich  sufficient  facts  are  not  avalLablQ. 

B,  Loss  OF  Strength  of  the  Abmt  by  Invauddto. 

He  amount  of  invaliding  is  influenced  by  other  causes  than  mere 
iciency  of  the  men  ;  sometimes  a  reduction  is  made  in  the  anuy^  axkd  iW 
ort unity   is  taken  to  remove  weakly  men  wko  "woviii  o\^afcwvs^  "W^s^ 
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'  of  BicJk  in  Hoqnial  per  1000  of  Strmffth. — About  one- 
tf  the  army  (avexago  of  ten  years,  1865-74)  Ib  constantly  sick  in 
)f  or  4  per  cent 

oesible  to  compare  the  anny  sickneaB  with  the  civil  population, 
!©ther  armies. 

1^  the  number  of  members  of  friendly  flocicties,  between  twenty 
bj8  of  age,  who  aro  constantly  sick  is  nearly  16  per  1000. 
llch  army,  the  mean  sick  in  hospital  aro  29  per  lOOO  present ;  in 
ami  inhrmary,  50  ;  in  the  Prussiati,  44  (in  1876  only  25*5) ;  in 
I  45  ;  in  the  Belgian  (1859),  54 '2  ;  in  the  Portugese' (185 1-53), 

ler  of  daQy  sick  haa,  of  course,  a  wide  range ;  sometimes  an 
jfxmi  closed,  at  other  timea  there  may  be  more  than  100  sick  per 

tetb. 

fof  Day$  spent  in  Mospdal  per  heiul  m  each  1000  o/  Strength.-^ 
jrf  days*  service  of  a  battalion  1 000  strong  in  a  year  would  be~of 
fK  S65»)  365,000.  If  we  a^imie  the  average  number  of  sick 
ter  1000,  there  are  lost  to  the  SUite  {40ix365  =  )  14,78*2 
}p0t  annum^  or  14J  days  per  man.  As  already  said,  it  is  difticalt 
Se  sickness  of  soldierii  and  civilians,  but  the  above  amount  seems 
ft  remember  that,  in  the  friendly  fwjcieties,  the  average  sickiie&s 
mnum  (under  forty  yeara  of  age)  ia  less  tlmn  seven  days. 
Utinn  of  C'ises  of  Iflness.- — The  number  of  days  each  sick  man  ia 
Dean  duration  of  cases)  is  rather  greater  (17*8)  ae  the  number  of 
I  btlow  the  strength. 

I  most  easily  calculated  as  follows  :  multiply  the  mean  daily 
ik  (sick  population)  by  the  number  of  days  in  the  period,  and 
^  CB8M  treated.     The  number  of  **  cases  treated  '^  is  the  mean  of 

II  and  discharges  in  the  period. 

f,  17  to  18  days.  French  it  la  ckamhre^  3d0  daya 

too,  all  cases  (1862-66),     Prussian  (1859-63),  in  buepitals,  18*9 

days, 
jspitok  only  (1862-66),    Belgian,  23  6  days, 

Portuguese,  19  days* 
Iimary,  12  day& 

ity  to  SirJcneiis. — This  is,  of  couiae,  a  different  point  from  that 
m  of  mortality  to  strength.  A  few  cases  of  very  fattd  illness 
Vgs  0iO2!tality  to  cases  of  siekness,  but  the  mortality  to  strength 

statement  of  the  ratio  of  mortality  to  sickness  gives  little  in* 

iiat  is  wanted  is  the  mortality  of  each  disease,  and  at  every  age. 

B  intrt>duction  of  a  number  of  trifling  cases  of  disease  may  oom- 

the  real  facte. 

iwever,   the   general    ratio   is   to   be   determined,   it   must  ha 

one  of  three  ways  : — 

^  to  admissions  in  the  time.     This  is,  however,  an  uncertain 

iDor  of  cases  admitted  towards  the  clofte  of  a  period,  and  the 

if  whose  tieatment  and  mortality  falls  into  the  next  period,  may 

R 

i(y  to  oases  treated  (^mean  of  admissions  and  discharges).* 

tot  method  of  cakulatiom 


1846-62)  ;  in  l8T2Tt  was  7'7.» 


m 

ire,  of  o^ 


L    i 

^ 


Causes  of  SicKmanL 

The  causes  leading  men  to  go  inta  hospitttl   are, 
from  those  which  pnnluce  mortality.     For  exauiplo^  adm| 
will  be   few,  laortahfcy  great ;  adnuBsioiis   from    akin  \ 
mortaiity  tiiding. 

Taking  the  most  conunon  causes  of  aduuseioii  la  the  oi 
find — 

1.  Venereal  Diseasm  (see  page  500). — Under  the  tenn  "V 
inmiediato  or  remote,  resulting  from  sexual  intercourse^ 
condary  as  ^?ell  as  primary  syphilis  ;   stricture    and 
gonorrhoea,  &c.  ;  also  a  few  cases  not  strictly  yenereaL 
forms  are,  however,  of  the  most  importance. 

At  p.  506  will  l>e  found  tables  showing  the 
venereal  8ore«  and  gonorrlnjea*  In  stations  imder 
Act,  1000  men  give  33  admissions  from  the  former  and 
In  stations  not  under  the  Act,  the  amount  of  gonorrhoea  iij 
and  syphihs  is  more  than  double.  There  are  other  admxs^ 
and  tertiary  ayphiha,  which  somewhat  increase  the  total  m 

We  have  no  certiiin  facta  wth  which  we  can  compare  1| 
of  the  ci\il  population  with  that  of  the  army.  The  amol 
population  at  large  is  really  a  matter  of  conjecture.  But  \ 
or  less  than  that  of  the  army  does  not  affect  the  result  dH 
tigiires,  viz.,  that  there  is  an  apjmUiug  loss  of  service  evei^ 
mediate  or  remote  eifects  of  venereal  disease,  f 

It  should  be  underskiod,  also,  that  the  action  of  sjrphili 
Many  soldiers  die  at  KetleyJ  from  various  diseases,  who^ 
h»en  syphilis,  so  that  the  influence  of  this  cause  is  vejy  ifl 

va  added  to  the  admJaauma  ia  the  yey,  and  tJM  mortaJity^ia  calcttl^i^ 


K^ourse^l 

and  Jj 

leaLflM 

admin 
r  the  (j 
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lo  number  of  adnuBsions  and  aerrice  lost  under  the  head  of  entlietic 


Ufcn^ral  DinetueJt. — The  importaut  diseaaes  included  under  this  ckaa  give 

©-fourth  of  the  total  adiEisaioiifl,  or  about  205  j>er  1000  (1869-74). 

/.^^  Kruptivt*  fovera  are  not  very  common,  about  3  per  1000,     Smallpox  is 

I  by  vaeeination  ;  me^ee  and  scarlatina  are  not  fre<|ueiit 
^g/  i^aroxysmal  fuvers  {many  of  which  have  been  contracted  out  of  England), 
HFabout  11  per  1000. 

^B)  The  continued  fevers  are  more  common,  but  their  fi-efjnency  is  leaftening. 
^Hpe  is  no  doubt  that  typhoid  is  the  chief,  perhaps  almost  the  only  fever 
^HSes  febrit^ula  wliich  is  now  seen.  Spotted  typhus  is  at  present  uncommotu 
H  continued  fevers  cause  about  22  admissions  per  1000  of  Btrength.  In 
B66  there  was  only  15  admissions  per  1000.  Diuingthe  last  few  years  there 
Ave  been  some  caaea  of  cerebro^piaal  meningitis. 

{<?)  Kheumatism  gives  50,  dysentery  and  diarrhtra  25,  sore  throat  and 
iflnenza  60,  and  ophthalmia  20  to  25  cases  per  1000  of  strength.  All  tlie^^e 
iseascs  are  declining  in  frequency. 

3*  Inteqnmndarp  di^emf^s  usually  give,  the  next  greatest  number  of  admis- 
kms — vii,  from  ioO  to  130  (97-6  in  1869-74).  Tliis  does  not  includo 
lai'biee^  but  is  made  up  of  a  great  number  of  cases  retiuned  as  phlegmon  and 
leers  (whicJi  appear  to  be  rather  more  common  among  the  cavalry  and 
rtiUery),  and  a  much  smaller  number  of  cases  of  eczema,  herpe^  psonasiSy 
IkI  impetigo. 

4-  r>iAeases  of  the  re^pirftinrij  organs  (oxcludin;:?  tuberculosis)  give  the  next 
li^geet  number — viz.,  from  75  to  110  per  lOOO,  the  mean  l>eing  nearly  82  for 
869-74.  *  >f  the  100  cases  acute  broncliitis  gives  66*5  per  cent  ;  chronic 
jchitis  16*5  ;  and  pneumonia  and  pleurisy  each  8^5  per  cent,  (nearly). 
Ac4^iflmtH  foUow  with  from  70  to  100  admissions  per  1000  of  strength, 
__  ktiisions  are  nuirh  moi^  common  in  some  regiments  than  in  others, 
iqiecially  in  the  artillery  and  cavalry  depots,  where  recruits  are  in  training. 

6.  Diseases  of  the  dhjedive  system  cause  about  100  admisi^iona  ;  dyspepsia 
B  the  chief  heading  ;  then  chronic  hepatitis  {although  it  is  very  questiooahle 
B^iis  terra  is  not  a  conYentionalisni),  and  haBmorrhoids. 
^V.  Parmiik  diseases  come  next,  with  an  average  of  about  30  or  40 
^BpB  per  1000 ;  which  are  made  up  of  scabies,  and  a  smaller  amount  of 
^orrigo," 

8.  Diseases  of  the  n^r^mm  system  give  about  15  to  20  per  lOOO.     Epilepsy 

ivcB  the  largest  number ;   then  otitis ;  then  cephala*a. 

"^9.  Tuhf'rcalnr  diseases  cause  about  18  admissions  per  1000. 

10.  Diseases   of    the   repmduduY  {venerefd   excludB<3),   iofxtmotive,   and 
^  systems,  give  6,  3^^  and  3  admissions  per  1000  of  strength. 

11,  The  remaining  admissions  are  made  tip  tif  smaller  classes, 
the  causes  of  any  of  these  adnu'ssions  into  hospital  be  lesaenod  or 

aoved?  On  this  point  there  is  no  room  for  doubt  that  the  venereal 
Biimiiwions  could  be  greatly  lessened  ;  so  also  coidd  the  admissions  from 
foTer,  which  have  in  fact  been  alnyidy  reduced  from  60  tfj  22  per  1000  of 
ilroQgtlL  The  large  class  of  integimaentary  diseases  would  probably  admit  of 
foduction.  What  is  the  exact  nature  of  the  phlegmon  and  ukers  which  form 
SO  large  a  proportion  of  the  admissions  ?  Triliing  as  the  cases  are,  tliey  form 
a  Inrge  aggregate,  and  a  carefid  study  of  their  mode  of  production  might  show 
how  they  might  b<j  diminished.  Probably,  however,  these  are  mere  conven- 
tional t«nns,  under  whicli  a  numlierof  trilling  cases  are  convenitently  recorded, 
but  a  complete  analysis  of  the  returns,  of  one  year  under  phlegmon  would  hi, 
desirable.     So  also  of  all  the  other  classes,  it  maybe  conclude  1ik^\i  q.u  %a\an^ 


ij    i 


i 


J  -  -  ^  j-r  —J  I    —  -  ~  -    ■ 

idle  hour  m  an  hour  of  irksomeuegs,  and  every  idle  md 
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maBj  and  to  a  certain  extent  aa  unhealthy  one.' 


In  many  of  the  foreign  stations  of  the  British  army,  e|| 
exist  for  both  occupying  the  men  and  developing  their 
teaches  ns  that  a  hunting  race  is  a  martial  one.  The 
qualities  of  the  English,  as  drawn  in  Frois.siLrt*s  **  Chroni 
the  fact  that  at  that  time  they  were  **  a  iitition  of  huutenj 
infancy  to  face  dangers  alone.  In  India  tliero  are  mani 
could  not  only  be.  allowed  to  hunt,  but  where  such  perm 
greatest  boon  to  the  inhabitants.  i 

The  English  army  has  hitherto  offered  but  few  incentii 
and  scanty  encoumgement  for  the  cultivation  of  martial  q 
have  rewarda,  and  feel  that  earnest  endeavour  on  their  pi 
respects  bett^^r  soldiers  is  neither  overlooked  nor  unreJ 
order  of  things  introducjsd  by  Lord  Cardwell  seems  likelj 
of  progress  for  men  who  can  acquire  knowledge  and  to  d^ 

The  cultivation  of  the  martial  qualities  of  the  soldier  ia; 
hygiene  considemd  in  its  krgest  sense,  but  this  part  d 
studied  and  carried  into  effect  by  the  combatant  officers, 
not  be  long  before  they  seriously  study  and  endc^avoi 
example,  to  promote  the  formation  of  those  habits  of  bold| 
and  that  fertihty  in  resources,  which  are  as  necessary  as  ^ 
to  render  an  army  the  formidable  instrument  it  is  ca£ 
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CHAPTER    IV. 
FOREIGN    SERVICE. 

fomign  sen'ice  of  the  British  array  is  performed  in  every  part;  of  tho 
Jd,  and  io  ahuost  every  latitude^  and  probably  more  than  twc^-third^  i>f 
,  line  soldier^a  service  is  passed  abroad.     The  mere  enumeration  of  the 
ons  13  a  long  task  ;  the  description  of  them  would  demand  a  lar^e  vohime. 
"lis  ahr»rt  ehapter,  to  give  a  few  general  stutements  as  to  climate  and 
jr,  and  the  pa*it  and  present  medical  history  of  the  stations,  only  ran  he 
apted  ;   such  an  outline  as  may  give  medical  officers  a  sort  of  brief 
uary  of  what  seems  most  important  to  be  known. 
)otailwd  and  excellent  account.^  of  most  of  the  foreign  stations  exist,  either 
lie  indt' pendent  works  of  army  surgeons,  such    as  those   of  ^farsliall, 
aen,  Djivv,  and  many  others,  or  in  n:'port4^  drawn  up  for  Government,  and 
shed  by  them.     In  the  early  Statistical  lie  porta  of  the  Medic^il  Defwirt- 
1  of  the  urniy,  short  topographical  notices  of  the  stations  were  inserted  ; 
'  are  models  of  what  such  reports  should  be,  and   must  have  been  dmwn 
by  a  mastnr  in  the  art  of  condensation.     In  the  Annnal  Reports  now 
shed,  many  excellent  topngraphieal  descriptions  will  be  found  ;  and  some 
!ie  Indiain  tlovemments  have  published  complete  descriptions  of  all  their 
Sons,     In  the  **  IJomliay  Transactions,^'  the  "  Madras  Medical  Journal," 
the   *'  I'>iaigid  Indian  Annals,"  are  very  full  accounts  ai  ahnost  t^v^ry 
an  tliat  has  lienn,  or  is,  occupied  by  European  troops  in  India.     Finally, 
be   **  Indian  Sanitary  Keport "  is  much   important  infoniiation  on   the 
Orology  and  topogrjiphy  of  the  present  Indian  st^itioiLs.     Young  medictd 
first  entering  on  fon^ign  service  are  strongly  advised  to  study  tha<ie 
nnnts  of  the  stations  in  the  command  where  they  are  serving ;   it  will  not 
iialy  give  them  interest  in  their  service,  but  will  aid  them  in  their  search  how 
)6iit  to  meet  the  climatic  or  eanitary  conditions  which  affect  the  health  of  the 
,  under  their  charge. 

SECTION  L 
iMEDITERRANEAN  STATIONS.* 

GiBRALTAB. 

'usual  peace  garrison  =  4500  to  6000  men.     Period  of  semcej  three  ye^irs. 
il  population  =  18,695  (in  1876).     Height  of  rock,  1439  feet  at  highest 
lint     Nature  of  rock,  grey  limestone,  with  many  cavities  filled  with  reddish 

ny  ;  under  town,  an  absorbent  red  earth  forms  the  subsoil. 
Climate. — Mean  temperature  of  year=644  ;t  hottest  montli,  August  (in- 
ciably  in  eight  ye-ars)  =  76  "6  ;  coldest  month,  either  January  or  February, 


I  *  A  Tuiy  important  Report  on  the  Mediteminean  Stations!  has  hma  pabliahod  by  the  Bamiok 
■BproveniL'nt  c'ommwsioiiers  <Dr  Siith<'rhm*l  and  Cnptain  OaltonK  -/i^«<  Bwk,  18*33. 
f  Mean  of  eight  ye.ini'  ob»ervfttions  by  i]w  Royftl  Enprint^ers  (1853-6U|,  an  given  in  the  Bar- 
";  ComraisstouerB'  Blwe  Book  (18413).  The  nunibera  given  by  Do*"o  are  rather  fliflercDti  viz,, 
i  of  veAT  66*.  Hottest  month.  July.  79^*5.  Coldeat  montli,  F<abniJiryi  fi^^iJ.  Mein  yearly 
,  22^-9.    Extreme  yearly  range,  about  50°. 


in   equal   propoTtions,    53*77  ;    amplitude    of   the 
(  =  ditVei\'nw  between  botteat  and  coldest  months). 

Mean  monthly  maximum  and  niiuimum  in  shaiie* — hntttft  m 
or  August — mean  nmximum  =  89  ;  coldest  month,  Pecembet  Ji 
February — mean  minimum,  42°.  Bangv  of  highmt  aod  Itmwl 
meaoB  i>f  maximum  and  miniiunm,  47°.  Extreme  rearij  iwgi  (i 
between  bighest  and  lowest  tempi^rature  recorded  in  the  iSmn)  iki 
5S'.  The  uiiDiinum  thermometer  on  giuse  sometinifls  folU  U)i'  (X 
freezing. 

Iiain/ulL—Mes.n  32*8  inches  (mean  of  seventy  ymi%  ITS 
Greatest  amount  in  any  one  year,  75  8  (1855),  Ltso^t  aminmt  Jii 
year,  l.'rl  (1803).  Tlie  importance  of  this  gTeat  rumtifni,  upi^ 
18  evident ;  Gibi'altitr  might  be  embarra^saed  for  water,  if  the  miniilJi 
15  inches  in  a  year  of  siege. 

Numltr  of  liaimj  Datj^  =  68.     The  rain  is  therefore  infreqoieiili  bi 
The  rain   falls  in  nine  months,  September   to  May;  gt«it«l 
January  and  November ;  must  rainy  days  in  April     Smmnetf  sflll 


Humidity. 
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cttMt  foot. 

Mean  dew-point  of  year,  55 "-9  5*75 

Mean  highest  dew-point  in  I  f***©  v^ 

August,   .         ,         .        f  ' 

Lowest  dew-point  in  January  \  iq*  .5  3^5 

or  Febraary,    .         .        f 
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Gibraltar  is  thus  seen  to  be  rather  a  dry  climate  ;  at  any  mtej 
on  an  average  only  three  parts  saturated  with  moisture,  and  therrffl 
tion  from  the  skin  and  lungs  will  be  tolerably  rapid,  providei 
moves  freely.  It  is  certainly  not  a  moist  insular  climate^  as  migll 
anticipated*  At  the  times  of  rain,  howei'er,  and  daring  fqgi 
airoeeo,  the  air  is  nearly  saturated. 

Whids. — Chietlj  to  the  N.W.  or  S.W.  or  W,,  in  Jannaty, 
June,  and  October.  Easterly  in  July,  August,  and  Septemb«n. 
times  the  easterly  winds  are  more  prevalent,  or  may  be  modeiil 
the  whole  year.  The  east  aud  south-ea^t  winds  arc  sirocco  (LeiB 
ore  often  accompanied  by  rain  and  foga 

Sanitary  Conditions 

Wafer  Siipphj,^-Thv;  quantity  was  formerly  very  deficient ; 
2^  gallons  daily  were  supplied  for  non-commissioned  officers  an< 

Smiir^ji, — WeOs  and  tanks,  rain  water»  and  a  Bmall  oqnc^ 
surface  water.  Yery  large  t-tmks  have  been  constructed  in  two  4 
With  iirmngenients  for  passing  into  them  a  large  amount  of 
and  lately  frei*h  wells  have  been  dug  at  the  north  end, 
ground^  which  yield  a  large  supply  of  goixl  wat**r. 

Qiutbty. — In  a  well  from  the  neutral  ground  analysed  by  ) 
was  much  caieium  sulphate  and  nitrate  (4-5  and  6  grains  m 
calcium  carbonate  (12  grains  per  gallon),  also  alkaline  chlorides  ( 

*  Of  the  eight  yeats  (1S53-60)  given  in  the  report  abov,  ,ir| 

motitlily  rai?aii  nittxiniuni  and  njinimum  is  ho  much  Jess  irj  v 

i»jH|'>ftct  some  errriT  vw  o\vser«AUciT\»     In  1876  the  meait  i  .„    J^_i^ 
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and  4  grains  of  organic  matter.*  A  tank  water  contained  less  lime,  but  mncli 
magnesiuiu  cnrbouate.  A  well  wat«r  in  the  town  contained  no  lesfl  thuu 
39*6  gmina  of  calcium  nitrate,  and  15  grains  of  coJcinm  sulphate,  pc-r  gallon* 
The  immense  amount  of  nitric  acid  points  unequivocally  to  the  oxidation  of 
animal  oi^nic  matter.  The  tank  water  is  good  when  fdtered  ;  but  the  t^nks 
require  frequent  inspection  and  cleaning. 

Many  of  the  houses  of  the  civilians  have  tanks,  and  no  new  house  is  allowed 
to  Im5  buiit  without  a  tank.  The  tlistrihution  of  water,  both  to  s*:*ldier8  and 
civilians,  is  defective  j  it  is  almost  entirely  by  band. 

Drdimuje. — The  sewers  are  at  present  being  much  improved  A  new  out- 
fall near  Hositia  Bay  has  been  madc^  and  the  whole  system  of  sewage  will  soon 
be  in  fair  order,  f 

^rfrrvjrA'A^More  than  half  tlie  garrison  is  in  casemates,  w!jieh  bavc  been 
dtiscribed  a^  **  mere  receptacles  of  foul  air,  damp,  dark,  and  unwholesome.** J 
The  barracks  are,  for  the  most  part,  badly  arranged,  and  are  overcrowded  ; 
the  average  cubic  spui-e  in  1862  was  only  about  450  feet,  and  the  average 
superficial  spice  under  40,  Venlilaliun  was  very  defective,  especially  in  the 
casemates.  In  all  those  points,  however,  great  improvement  has  taken  place. 
The  me-ans  of  ablution  are  defective.  Latrines  and  urinals  are  also  dcfective.§ 
The  duties  are  not  heavy,  and  the  rations  are  said  to  be  good.  In  I860  some 
improvements  were  made  in  the  dress  of  the  troops,  and  a  light  summer  suit 
ordered.  Fiann*d  next  the  skin  baa  Iteen  recommended  strongly  for  Gibraltar 
on  account  of  the  occasional  cold  winds. 

Health  of  the  Ci'ml  Popidatian, 

Gibraltar  is  now  a  place  of  considerable  trade  ;  whether  the  Govern raent 
have  been  right  in  allowing  a  mass  of  people  to  herd  closely  titgether  in  the 
midst  of  the  most  important  fortress  we  possess,  is  very  questionable.  In  case 
of  a  siege  they  would  be  a  serioiis  embarrassment,  and  even  in  time  of  peace 
they  ar».»  objectiop^ible.  The  health  of  this  community  is  bad  ;  in  1860,  the 
northern  distrit^t,  where  population  is  densest,  gave  38  deaths  per  1000,  ur, 
excluding  cholera,  33^5  ;  in  the  more  thinly  populated  southern  end,  the 
mortality  was  27*5  f»er  1000,  or  more  than  St  Giles  *,  in  London,  The  deaths 
in  chililren  under  one  year  form  17*33  per  cent,  of  the  total  mortality.  Tlie 
prevailing  causes  of  this  mortality  are  fevers  (in  all  prvibability  typhoid),  and 
tubepc'ulous  consumption,  which  causes  1 3  per  cent,  of  the  t<^»tal  deaths  at  all 
agefi,  or  37*6  per  cent,  of  the  total  deaths  at  the  soldiers*  ages.  Dysentery 
and  diarrho-a  are  common. 

In  this  compressed  and  dirty  population  several  great  epidemics  have 
occurred.  The  bubo  plague  does  not  ap[)ear  to  have  been  seen  since  1649, 
but  the  earlier  roootds  are  very  imperfr-ct ;  yellow  fever,  however,  prevailed 
in  1804,  1810,  ldl3,  and  1828,  Cholera  has  prevailed  several  timed  ;  the 
last  time  was  io  1865. 

Health  op  the  Troops. 
Loss  of  Strength  hy  Death  and  ItwaUdlng, 
(a)  By  D^h, — Gibraltar  has  never  suffered  from  any  great  sickness  or 

•  Sttinp!<Mi  fmra  the  wellf  on  the  neutral  ground,  reeentl j  »n*lywd  at  Netlef,  showed  a  great 
qoaotitv  cf  rh1ori«lei«  nnd  exc^esajvu  hartlnesa.    Tbera  waa  but  little  oi^j^nic  matter. 

f  tt  M  pff»i*ahly  completed  hy  this  time. 

*  Barr.irV  r*.immi»sioners'  Report^  p,  37, 

••J  All  -^t*  aru  ri'^ted  in  the  Bamck  CommiialoneM*  Report,  and  »re  in  prooMl  of 

4||eni!  irc  merely  referrod  to  htn  ta  bearing  on  the  question  of  the  Amount  ftnd\n^ 

T«ntiaii  ui  .r.-^..^c.     t'Uiis  of  dl  the  proposed  improv«m«iiti  are  given  in. Uvt&  Caux\&\»^!CiSu£r£ 
HefKirt^ 
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o/  itaH.— In  ^  «uiia^  ▼« 

By  f  nirtwing  Jhm  hOB  m  per 
iftedj— 

/«  100  DmiUm/rm 


1837-44; 

41 

I8«S-««,. 

16-84 

1887,   . 

22-75 

1875, 

2310 

I 


loitaad  ot  expreseing  tbe  &cto  m  lliis 
fornL  The  aHTnTwinng  firam  pbtiiitiB  av 
ihje  ten  years,  lS37-i^y  while  in  the  dig 
7  aa.  In  the  jean  ISeS^G  the  dealhe  aa 
were  ouJj  3'72  per  1000  of  etnogth,  or  hi 
home.  The  decline  in  phthleii  seems  thi 
hes  eince  continued^  hut  still  it  is  ponibl^ 
it  might  be. 

The  continued  fevers  gave  75*5  adntis 
yean  1837-46,  and  985  in  the  five  yeen 
increase  in  mortality.  In  the  three  yean 
an  ayerage  of  42^  and  the  decline  was  pi 
Increaee  in  admiseions,  owing  to  the  prevj 
denfi^e  of  the  West  Indies.  In  1871  the 
while  there  were  only  2S  deaths  in  alL^ 


*  Cholem  prevailed  in  1805,  and  mued  tii^  f 

t  or  ooanie  laraliding  Iu«  an  effect^  bat  the  isva 
above  samheni. 

Eren  this  morUlity  is  more  tban  is  neoeaniy. 
men.  Of  theM^  8  from  typhoid,  and  therefore  pre? 
S  from  heart  diisaM,  1  mtni  aortic  aoearuiii,  1  fn>n 
fncnw  relatire  amoant  of  dJseaM  of  the  ctrculatorv 
of  tot4d  deaths ;  and  in  each  of  the  three  preoedn 
•ama  headings. 

X  A.dTO\fc!vVoaft'\ii\'v&  wt^SkS^iSL  \a  ^^  \*3it  l«?w  ^t 
five  y%ai«  VftO^T  %. 


GIBRALTAR. 


during  tlift  last  few  years,  muck  bns  "been  donft  ia  Gibraltar  to  give   the 
moFL*  Imtathing  space  and  veDtilation,  hence  the  di'uliii*^  in  ]>hthii5i9  which 
so  fatal  fomierly  when  the  men  were  crowded  in  eadt^matei?.     ^\Tien  their 
^_Tacks  are  still  further  improved,  we   shall  me  a  still  great-er  lessening  of 
r^liisis.     The  water  supply  has  also  been  bi^tter  looked  after,  and  efficient 
ii^EU^e  has  been  commenced,  and  is  now  nearly  completed. 
►riio  prevalence  of  heart  disejxses  is  a.  striking  circumstance,  and  I  cannot 
t  Iwjlieve  Ls  caused  by  the  «ame  conditions  as  tit  borae, 
Tliie  liabits  of  the  men  are  much  irnprovedj  and  delirium  tremens,  formerly 
l&siioii,  is  rare.     In  1865  and  18G6  only  one  man  died  in  two  yearn  fmm 
I  ge  cause,  or  at  the  rate  of  srarcely  more  than  '1  per  1000  of  streugth, 
T*onn«*rly  ilysentcry  and  diarrhcea  were  common  ;  now  they  are  infrequent 
A  mild.     The  average  admissions  fmm  dysentery  in  three  years  (1^64-06) 
only  2  per  1000;   in  1864  and  1866,  from  diiirrhcea  were  only  12  per 

Evei-y thing  points  to  the  fact  that  Gibridt^ir  itself  ia  a  perfectly  healthy 
ftiid^  that  when  the  sanitary  altei-atiomj  now  going  on  are  completed, 
and  niort^dity  will  b^  tritiiDg. 
T'i  uce  of  age  on  uuatality  is  not  given  separately  for  Gibraltar,  and^ 

ini-luJed  in  a  subsequent  table. 

(6)  Hy  InvuHdiug. — The  nimiber  of  men  sent  home  for  change  of  air  and 

rliar^e  varies  greatly  fiMum  year  to  year ;    about  20  to  30  per  1000  of 

'  tnsn^th  is  the  average.     The  chief  diseases  are  ophthalmia,  phthisis,  sypliilif?, 

twl    cardiac  disease.     Tlie  other  diseaeee  are  in  smaller  number,  but  are 

-U.merou8,     Dysenterj^  and  hver  diseases  used  to  bo  common  causes  of  in- 

|*aliciltig,  but  both  are  now  declining, 

2.  Lma  of  Sermte  by  Si^^kne^, 

s  admissions^  the  mean  daily  sick,  and  the  duration  of  tho  cases,  are  all 
.OW  the  home  Btandard, 

Per  1000  o/Siremjth. 


TK. 


AdmU»inn«por 
Ammin. 

Meuidiilr 

Sk-k. 

He^n  StJiy  In 
Hcntplul  of  eiich 
Stck  SJJ4H  in  duyi. 

1837-56, 
1861-70,       . 
1865-74,       . 
1875.    . 

076             1 
742 

656-6 
620  9 

36-57 
32«1 
B8  36          , 

18  8d 
18*13 
22*55 

venereal  diaeafiea  cause  fewer  admissions  than  at  home  ;    the  average 
"the  whole  venereal  class  is  oidy  aboyt  120  per  1000.     For  syphilis  alone 
average  (1869^74)  is  only  51 S.     This  is  owing  to  the  police  regulation 
>f  prostitutes*     Intiegumentary  disi^ases  cause  about  65  adunssious  per  1000. 
Ccijjtinued  fevers"  caused  6V9  (1809^74),  and  in  1875,  90 '5  admissions. 
Xlyseuti'ry  and  diarrhoea  are  now  declining  from  the  former  average  of  58 
.to  20  or  'AO  jjor  1000.     Digestive  disorders  give  a  large  nujid»er  of  ailmisfiions, 
id    have  always  done  so,  hut  in  the  latest   returns  they  are  somewhat 
ilining, 

Smiftiry  Ditlie^  at  Gibraltar. — Captain  Galton  and  I>r  Sutherland  have 

iy  indicated  the  measures  which  must  be  adopted,  viiL,  a  better  supply 

'  watar,  by  arranging  a  larger  atiinige  ;  a  better  draimige^  with  fteti  -watet  fei. 


Cholera  prevmlod  in  1S65,  so  I  liove  left  t\mt  yew  out* 
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Hushing,  and  a  different  outlet ;  and  an  improrcd  ventilaticnii  irifli  k* 
crowding  in  barracks.  All  the  pliiiis  are  being  gradually  carried  out  Ite 
is  no  doubt  these  measures  will  greatly  improve  health* 

It  may  l>e  fiuggested  whether,  as  water  is  so  deficient,  a  lemoval  of  ianf 
by  hand  might  not  be  employed.  The  soil  might  be  uaed  for  cultiTBtiafi  il 
the  neigh honrhood  of  the  Rock,  or  carried  out  to  sea. 

Suppusiiig  war  wore  to  arise  at  this  moment,  and  that  we  lo«t  the 
of  the  jsesi  for  a  time,  the  points  of  danger  would  apparently  he  tli««i 

L  Drjicknt  Wtdti\  ike  RmnfaU  Imng  uv€^auu—The  new  welb  nter 
nentra]  ground  will  ]>erhai^  obviate  this  danger;  but  if  not,  it  would  hinh 
"be  supplied  by  distillation,  and  it  would  be  prudent  to  keep  a  good  appui^ 
always  at  Gibraltar.     The  amount  of  stomge  has  been  increaijed  of  late  rwai 

2.  OverKrowdiugand  Bad  Ymdikdion^  leading  to  S}MMaI  Tf/phajt^-'WA 
a  full  garrison,  and  with  some  barracks  untemihle,  there  i^  no  doubt  tfctf 
would  he  serious  danger  of  this  disease ;  and  it  is  a  matter  of  ^rreat  momcBl* 
ventilate  a^^  perfectly  as  possible  all  cosemates  which,  even  if  now  diaofli 
must  he  used  in  time  of  war. 

3.  Typhoid  Fever.' — The  drainage  is  now  being  improved,  ao  that  this  ci» 
of  danger  may  soon  he  entirely  removed. 

4.  I}i^^:a^^f^'s  arisimj  in  the  Totrnf^  and  spreading  to  fh^  Gnrriton, — In 
of  war,  it  woiild  seem  most  desirable  to  clear  out  the  native  town  as  Itr 
can  be  done.     Mon^  spaee  and  more  water  would  be  available.     There  iropi 
be  lees  chance  of  famine,  destitution,  and  disease. 

In  the  war  in  1792,  scurvy  prevailed  from  deficiency  of  food  and 
vegetables. 

Malta, 

Size,  17  mOcs  by  S.  Usual  peace  garrison  =  5000  to  7000;  perkd  ' 
83rvice,  three  years  ;   population  (civil)  in  187C  -  149,270, 

Geology. — Soft,  porous  rock  ;  the  greater  part  is  sandstone  restuig  on 
limestone  ;  in  some  parts  there  is  marl  and  coral  limestone  over  the 
In  the  centre  of  the  island,  at  Cilta-Veccliia,  there  is,  in   order  from 
KUi'face,  alluvium,  upper  limestone,  red  sand,  marl,  sandBtone,  and 
limestone.     Yaletta  is  on  thin  alluvium,  with  thick  sandstone  below,  tfi 
beneath  this  the  lower  Hmestona 

Climide  [at  VidMtu). — lAmn  of  the  year,  68' ;  hottest  month  (July), 
coldest  (January),  57° ;  amplitude  of  the  yearly  fluctuation,  20* ; 
yearly  range  (from  highest  to  lowest  temperature  in  ahade)^  62°,  fiom  \W 
July  to  39^  in  January ;   mean  yearly  range,  about  50°  ;  extreme 
range  (/>.^  from  highest  to  lowest  in  month)^  about  25"  to  35.' 

Undulsitions  of  temperature  are  frequent,  and  there  are  often  cold  wtudi  it 
vdnter  from  l^.W,  The  south-east  wind  is  an  oppressive  sirocco,  nisuigik  , 
temperature  to  94'  or  95  \  It  is  chiefly  in  the  autumn,  and  blows  far  bm  ] 
60  to  80  days  every  year.  At  Citta-Vecchia  (600  feet  above  the  m)  ^ 
temperature  is  lower  and  the  air  keener.  Eainfidl  aliout  32  inches  OH 
rain  in  November,  December,  and  January;  le^  in  February  and  Maw^i 
small  in  amount  in  the  other  months.     From  Jime  to  August  almost  imolrti 

ilumidity. — (Mean  of  1859-60)  j  observations  at  9.30  a.m..  and  3.30  f.* 

GlnUn»of 


Malta  thus  appears  to  be  a  dry  climate,  t.«.,  with  little  lelative  htuniditj. 


D«w-poliit. 

Vkpour  III  a 
cnbic  foot. 

Mean  of  year,      . 

.     60-5 

6-87 

Highest  in  year  (Augiist), 

.     727 

8-73 

Lowest  in  year  (February), 

.     49 

3-96 
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^^^^T  Sanifarf/  Cmidiiion. 

fucli  lias  been  dono  of  late  years,  and,  as  far  as  external  cleaaliness  goefi, 
lettA  is  very  cleaa  Watar  supply  from  rain  and  springs  (the  largest  of 
ich  is  in  tho  coufcro  of  tlie  islami,  and  the  waters  of  which  are  led  by 
le«luct),  is  not  very  deficient  in  quantity  (8  to  10  gallons  psr  head),  and, 
^f>t  in  fiome  places^  good  in  qiiahty,  though  the  ^ain'\vat^^r  contains 
Dndes  from  the  spmy  f tilling  on  the  roofs  of  huildinga  Some  of  the  tanks 
tcK)  near  the  sea,  whii-h  percolates  into  them.  The  tanks  requiiv,  however, 
Bfiii  looking  after.  Within  the  lines  there  ai-e  272  public  and  military 
ilcB,  MTith  st^uiige  for  55  millions  of  gallons,  and  4294  private  tanks,  with 
irmge  for  323  loillions  of  gallons.  The  military  tanks,  if  full,  woidd  give 
{Ckilons  of  water  per  man  daily  for  eleven  months,  but  even  now  the  water 
ten  falls  short  The  water  is  carried  every  where  by  hand,  and  the  drinking 
iter  for  the  men  is  not  filtered,  or  only  partiaUy  eo.  An  attempt  to  get 
tier  by  sinking  into  the  sandstone  was  marie  in  1866-67,  but  failed.  The 
urtsrs  in  Yalt^tta  are  bad  in  construction  and  outht,  anil  much  typhoid  has 
ien,  and  is  still,  caused  in  consequence.  In  many  cases  **  they  are  nothing 
;it  long  cesspoools."*  Pipe  dmins  are,  however,  now  being  laid  in  the  cdd 
nuna,  which  were  merely  narrow  deep  channels  cut  in  the  soft  jhjwus  rock. 
the  old  style  of  drain  has  now  quite  ceased  to  exist  in  tlie  barracks. 
The  burracks  are  bad,  many  ciwe mates  being  used,  and  buildings  which 
bonded  for  stores  and  not  fur  habitiilions.  They  are  built  of  soft 
lie,  which  botb  crumliles  and  absorbs  wet.  In  some  cases,  all  sanitary 
onside rations  have  been  saeiiJiced  for  the  purposes  of  defence.  The  ventila- 
ion  of  the  casemates  is  very  bad,  but  some  iniprovemeuts  have  taken  place. 
rhe  Barrack  Commissioners,  in  their  Keport,  recommended  that  in  every  way 
wfhich  can  be  done  the  ventilation  should  be  imjiroved  by  admitting  the  wind, 
eepecially  from  the  north,  and  that  each  bai'rack  wiM  require  a  separate  plan 
%Q  meet  the  particular  case.  They  recommend  that  air  shaft^^  shall  be  made, 
IBilcb  larger  than  onlerctl  for  home  service,  viz.,  1  s(|uai*e  inch  for  every  20 
enbic  feet  of  sfjace,  or  for  a  barrack  of  twelve  men  with  regulation  space 
(7200  X  20  = )  360  square  inches  ( =  2i  square  feet)  of  outlet  opening.  Some 
of  those  ]>oint5  have  been  ciirried  out  with  very  good  results.  At  the  present 
lime  the  amoiuit  of  cnbic  space  is  below  the  home  service  amount  (600  cubio 
f«et),  and  the  superficial  ait^a  is  very  small,  in  some  cases  being  as  low  as 
40  square  feet  per  head.  All  the  bamicks  are  now  supphed  with  new  and 
Remodelled  married  quarters,  with  proper  apidiances* 

A  gymnasium  is  provided  both  in  Cottonera  and  Valetta,  and  all  the 
barracks  are  well  provided  with  reading,  recreation,  and  school  i-ooms.  The 
means  of  ablution  are  now  very  good  in  all  the  barracks,  and  there  ai-e  new 
iraier  latrines  and  slate  or  earthenware  urinals  provided 

We  may  therefore  hope  that  a  dimiuished  amount  of  disease  may  be  the 
leBCilt  of  these  improvements,  although  much  remains  to  be  done  to  make  the 
condition  of  the  troops  as  g(KKi  aa  it  ought  to  be. 

Health  of  the  Civil  Population, 

There  is  some,  but  no  great  amount,  of  malarious  disease,  but  a  good  deal 

of  the  so-called  bilious  remittent^ t  and  typhoid.     Typhus,  is  not  at  present 

Bcen.     Bubo  plague  has  prevailed  seven  times,  the  last  in   1841,  slightly* 

Yellow  fever  has  been  known,  but  not  of  late  years.     Cholera  has  occurred 


*  Birrack  CdmrniRaloiierH'  Report^  p.  111. 

f  Bee  Dr  Manston'aexflelieiit  Report  iti  the  Army  Metlic&l  Report  Tor  1861,  for  the  »ymptomi 
of  jhim  dUe^iBe  among  troops.    Bee  also  Dr  Boilcaifii  ititercftting  es»»y  in  tlie  a4iae  ^uLVk^^kni. 
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thrice.     Dysentery  is  common  ;   tcenia  not'inir<?<|ueni  ;    ophtbnln 
from  dust' and  glare.     Buila  or  anthrax  are  frequent;    rbenmnliKTu  l^ 
tmcommcm,  and  phthisis  is  said  1^3  be  frequent  (from  dust  I),     llit^  ihrMh  i 
ia  said  to  be  21*3  fmr   1000  in  the  towns,  and  28*7  in  the  coimtry  ili-tr- 
while  neariy  57  A  per  "cent  of  thk  is  in  children   under  five  years,*  th- 
causes  of  infantUo  mcitlMlity  bbing  regifitcred  as  teething  and  convukiims. 

Hmlih  of  the  Troops. 

The  health  of  the  troops  is  worse  than  at  Gibraltar,  but  it  has  ^.^- 
flnctuated  (even  without  great  epidemirs),  more  so   prol>ably  than  al 
station  in  the  same  latitude^     The  mortality  has  varied  as  mucJi  tm  *'•— 
without  cholera. 


TSAV. 


1837-46,  ..... 
1861-70  (lOyeurs),  . 
1865  74(10  yearh),      . 

1875, 

Rigliuat  (1865,  cholera), 
Lowest  1864,     .     ,     . 


LiMii  ttt  *troDgt1i  per  lOM)  per 


Total 
Dealtuw 


16  a 

13*49 
14  24 

10-48 

26*44 

6-68 


Deailui 

from 

nUeue. 


24-63 
4-58 


iBit'Olldlllg. 


22-2 

33*73 

24*92 


Lo^a  or  Serr«er  ptrlDMp*^ 


AdmJa- 

Men 

^4 

1120 
798*6    1 
828-4 
906 '1 

43-79 
43 '31 
41-6<S 
42iM 

I9ll  H 

-. 

::■ 

The  mortality  in  1864  was  as  low  as  it  has  ever  l>een ;  but  it  has  in  ! 
years  hvcn  as  low  as  5"G  from  disease  alone.    It  is  curious  bow  alt 
of  health  and  sickness  occur  chiefiy  from  the  %^ariationB  in  the  fimflf 
diHerent  kinils,  e^peciaUy  enteric  (t^^hoid)  and  the  remittent  or  fo^alW 
Mfiltsi  fever,  wliich  has  a  long  course^  a  great  tendency  to   rbeumAiiJc  i 
and  little  mortahty. 

In  1867  there  was  a  terrible  oil Ihrcak  of  continued  fever,  chiefly  i 
the  troojis  quartered  in  the  nottiriously  unhealthy  barracks  of  Lower  Si  El» 
and  Fort  Ricasoli.  The  admissions  rose  to  228,  and  the  deaths  actnlf 
amounted  to  no  less  than  7*93  per  1000  of  stix^ugth.  Out  of  100  datfbiV 
less  than  32*2,  or  nearly  one-tliird,  were  from  "continued  fovet^"  i.^  stttst 
fever  in  great  measure. 

In  former  years  phthisis  was  the  cause  of  39  per  cent,  of  the  dentH^ 
nearly  the  same  as  at  Ciihraltar,  Latterly  there  have  been  fewer  deiilii^ 
Malta,  but  a  consiileralde  number  of  tubercular  cases  are  sent  home^  Til 
diseiise  is  probably  detected  earlierj  and  the  men  do  not  die  aa  formerly  iS  IW 
statiom  Still  this  does  not  account  for  the  whole  diminution,  and  theft  1» 
been  cleiirly  a  leaseniiig  of  phthisis.  There  was  formerly  a  lar^  aniouiit  d 
stomach  and  bowel  disease,  and  dysentery  was  forty  times  as  frequent  ts 
En»,daiid.  f  It  ia  certainly  a  very  remarkable  circumstance,  that  both  | 
Gibraltar  and  Malta  there  should  have  been  this  extraoniinary 
aflfectious  of  the  alimentary  canaL  At  Malta,  as  at  Gibraltar,  it 
been  chielly  owing  to  impure  water  and  to  food  (lieport  of  1853^ 

*  Report  of  B«mick  Commiiisionera,  p.  87.    The  ConiTntssioDers  ju*^*'*^*  ~— --irk  t^  I 
flares  are  so  atriking  w  to  dewiftnd  furtner  inquiry.     Prolmbly  they  n  t  irmtM^ 

yet  bot!i  at  Gibraltar  itnd  SdalU,  it  would  be  of  the  greatest  im^xirt.M  nefvlj  Mi  __ 

nealtL  of  the  troopi  in  peace,  but  for  tins  security  of  tlie  fortrts*  in  wilt,  ta  kii*jw  umiltJif 
about  the  social  liJe  wul  the  tliseaaBs  of  the  native  popalatioa. 

f  In  England^  in  1837-46,  every  1130  men  gave  one  case  of  dirMiitery ;  In  Mjlfei,  |b6» 
name  years,  every  twenty -eight  men  gave  one  caiw  of  dysentery,    the  luoi-tality  of  lb«  % 
WAS,  however,  neaily  tiLi&  ft&m&  \^ka  ^^^  ^  wcui  Vl^  i»C  the  Ee^ort  of  1863). 
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[late  years  stomach  and  bowel  affectians  have  been  les^  frequents,  l>ut  are 

'  more  C4:»nimoii  than  at  home  ;  iii  1861,  thb  89,000  men  yn  home  eervico 

only  67  cases  of  at'uU*  dysentery,  and  no  Ueatha,  wlnh  thci  GUOO  men  at 

]tu  had  34  cases  and  2  deaths.     In  1864  thertj  wen?  3  di-aths  from  acute 

lyscntery  among  5654  men,  whilo  in  the  home  st-ation  tliep^  waa  only  1  death 

aiuong  73,252  men.     If  it  had  been  equally  fatal  at  home,  there  would  have 

BjBii  nearly  39  deaths 
|A  continued  fever  (wluch  was  probably  in  groat  measure  typhoid)  has 
l^rovoili-^d  more  or  less  for  the  kst  forty  years  at  Malta,  and  doubtless  also 
before  that  time.     It  has  been  quite  as  prevalent  and  fatal  of  late  years  bb 
lormerly  ;   in  1851  there  were   1413  admijssions  out  of  a  ganison  of  5310 

I  men,  or  at  the  nite  of  one  man  in  every  four;  and  the  deaths  from  fever 
Wwe  44  out  of  96  total  deaths,  or  45"83  of  the  total  mortality.     In   1863 
lliere  were  844  admissions  and  21  deaths  out  of  a  gamson  of  5494  men. 
This  is  more  than  in  any  town  or  vilkge  in  England.     In  1864  there  were 
'  "  '17  ca^es  and  6  deaths  out  of  a  garrison  of  5654  men.     In  1865  there  were 
l62  admissions  and  13  deaths  out  of  5323  men  ;   in  1866,  1031  admissions 
1 9  ileatlis  out  of  5202  men ;  and  in  1875,  634  admissions  and  1 1  deaths 
of  4,506  mem 
In  the  Statistical  Beport  for  1853,  it  is  observed  that  the  nundter  of  cases 
'iver  disease  at  Malta  are  remarkably  high;  and  the  writers,  while  beliov- 
^^g  there  must  be  "something  in  the  climate  of  Malta  peculiarly  favourable 
to  the  production  of  hepatic  affection^"  were  unable  to  hnd,  on  bringing  the 
cases  into  relation  with  the  temperature,  any  connection.     The  cause  of  this 
Jpay  be  something  very  different,  imd  it  is  very  desirable  that  the  food  should 
^p  looked  to.     There  is  a  suspicion  at  Netley  (which  re(|uires  a  few  years 
IKoire  experience  to  test  it),  that  the  cases  of  echinococcus  of  tLe  liver  are  more 
frequent  in  men  from  the  Meditetninean  stations  than  others  (Dr  Maclean). 
I^ie  case  of  Iceland  should  lead  us  to  look  into  this  points 
HflThe  history  of  admist'ion  for  venereal  disease  is  important ;  in  1837-1846, 
lliclusive,  tlie  admissions  were  only  99  per   1000,  or  two -thirds  less  than  at 
borne  ;   in  1859,  when  the  next  rejiort  appeared,  they  were  149  per  1000; 
■pd  in  1860  they  were  147^9  per  1000.     iii  the  early  period  there  were  polit^e 
Bgulations,  which  were  suspended  in  the  two  latter  years.     In  June  1861 
tte  fKjlice  regulations  were  re-enforced,  and  the  admissions  for  the  yrar  mnk 
to    102.     The   4  th   battahon  of  the   Kifle  Brigade   showed   the   following 
ngmarkable  result : — In  the  hrst  half  of  1861  there  w*ore  57  admissions  ;  in 
Ae  last  half  oidy  17.     In  1862  the  total  number  of  eases   of   "enlbetic 
diaeaae  "  in  the  whole  garrison  were  only  49-5;  in  1863,  44*1  ;  and  in  1864, 
53*2  per  1000.     They  were  increased  in  that  year  by  the  women  who  eame 
from  Ionia  with  the  troops.     In  1865  they  were  44  ;  in  1866,  59-6  per  1000. 
In  1870  and  1871,  the  admiEsions  were  very  few  ;   in  the  latter  year,  which 
was  the  worst,  the  admiseionit  of  primary  syphilis  were  only  8-3  per  1000  of 
strength.     If  the  home  return  is  kx*kod  at,  it  will  be  seen  what  an  efleet  has 
been  produced  at  Malta  by  good  regulations,  although  the  number  of  cases 
fluctuates  from  causes  traceable  to  special  iniiuences  ;  the  reduction  is  almost 
entirely  of  syphilis,  not  of  gonorrhoea.     Tlie  large  number  of  admissions  from 

{hlcgmon  and  ulcers  is  as  striking  in  Malta  as  at  Gibraltar  and  at  home ;  and 
lere  as  there,  these  are  probably  mere  conventional  terms.  Such,  then,  in 
brief,  seem  to  be  the  chief  medical  points  of  importance  at  Malta,  viz.,  a 
liability  to  phthisis,  le^  marked  of  late  yean  ;  a  great  amount  of  fever,  from 
bad  aanitaiy  conditions  in  great  part ;  a  liability  to  stomach  and  intestinal 
affections,  which,  though  less  obvious,  is  stiU  great,  and  a  sin^nt  \fcT!AK»Rrs 
to  a  liver  affection,  which  may  bo  parasitic     The  cbiet  \m:^vti\(^vsi\sa\*  ^nSsr^ 
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by  the  Barrack  Commissionere  refer  to  a  larger  water  sapplj,  •  }Mst  & 
tribution,  impmvcd  drainage,  and  otficient  ventilation. 

lu  timt'  of  waL\  the  dangers  at  Malta  would  bo  the  same  as  lU  Gilmilv; 
the  iiquoducte  miglit  be  cut  by  a  besieging  force,  and  the  water  fopf^ 
restricted  to  the  tuiika*  Altbough  these  are  supposed  to  hold  a  hv 
quantity,  they  are  not  kept  full,  and  could  not,  [jerhaps,  be  rapuUj  fiW 
l*he  gai'iison  might  be  driven  to  distd  the  sea  wat«r.  A  atill  mor^Mm 
danger  would  be  the  overt^rowding  of  a  war  garriaon.  Doubtless^  incwi^li 
war,  the  garrison  would  only  be  concentrated  in  the  lines  when  the  m^ 
conmiLsnced,  but  the  crawdiug  duiing  a  siege  of  three  or  six  months  mi^Kt  \^ 
veiy  dististrous.  This  danger  should  be  provided  for  beforehand  by  i  ci« 
recognition  of  what  acconitnodatiou  would  be  granted  for  war,  and  bow  it  i 
to  be  obtained  without  viokiting  either  the  conditions  of  health  or  of 

On  the  Influence  of  Age  cnt  Mmiality  in  Gibraltar  ami  Maiia. 
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SECTION  II 
WEST   INDIES. 

The  history  of  sanitary  science  affords  many  atriking  instances  0l 
removal  L^f  diseiis©  to  an  extent  almost  incredible^  but  no  instance  u 
wonderful  than  tbat  of  the  West  Indies.  Fonnerly,  service  in  the  W4 
Indies  wa^  looked  on  as  almost  certain  death  It  is  not  fifty  yctars  aiuce  Af^ 
nsual  tinitf  for  the  disappearance  of  a  regiment  1000  strong  waa  five  ysn 
Occai*ionaHy  in  a  single  year  a  regiment  would  lose  300  men,  and  ihm 
occurred  from  time  to  time  epochs  of  such  fatality  that  it  was  a  coamm 
opinion  that  M>me  wonderful  morbid  power,  returning  in  cycles  of  jnH»^ 
some  wave  of  |>oison — swept  over  the  devoted  islands,  as  sndden,  as  rrnltiir^ 
for,  and  as  destructive,  as  the  hurricanes  which  so  sorely  plague  the 
**  Golden  isles  set  in  the  silver  sea/' 

What  gave  coimtenance  to  this  hypothesis  was,  that  aometimea  for  moolH 
or  even  for  a  yeiir  together,  there  would  be  a  period  of  health  so  gtoat  llial* 
regiment  would  hardly  lose  a  man.  But  another  fact  less  noticed  mm  Ml  B 
consistent  with  the  favourite  view.  In  the  very  worst  years  there  wi!ffc  saw 
stations  where  the  sickness  was  tiifling ;  whOe,  more  wonderful  atiU,  in  Ai 
woi^t  stations,  and  in  the  worst  years,  there  were  instances  of  tt^amM 
remaining  comparatively  healthy,  while  their  neighbours  were  liknl^ 
decimated.  And  there  occurred  also  instances  of  the  soldiers  dying  bv  swuw^ 
while  the  health  of  the  civil  inhabitants  in  the  iiimiediate  \'icinity  itimaxiiBii 
as  usual. 

If  anything  more  were  wanted  to  show  the  notion  of  an  epidemjo  ^rds  te 
be  a  mere  hyputlieeis,  the  recent  medic-al  history  of  the  Wt^t  Indies  wonU 
prove  it     At  present  this  dreaded  service  has  almost  lost  its  terrora     Then 

♦  Dr  NotterhM  lately  <187*2)  oiuilysed  fourteen  of  the  tank  waters  of  the  dilTaranl  J 
finds  the  condition  of  the  water  to  he  aatUfactory, 
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H^€iir  local  attacks  of  yellow  fever,  which  may  causo  a  great  mortality  ; 
Kkr  these  local  causes  can  be  fomid  ;  and  otherwise  the  statious  in  the 
H  Indies  can  now  show  a  degree  of  salubrity  almost  equalling,  in  some 
Bfcurpastiing,  that  of  the  home  service, 

H»  causes  of  the  productioD,  and  the  reasons  of  the  cessation,  of  this  great 
^Kity  are  found  to  be  most  simple.  It  is  precisely  the  same  lesson  which 
^ni|d  grow  weary  of  leaniing  iJF  it  were  not  so  vital  to  ns.  The  simplest 
H|Hb  were  the  destructive  agents  in  the  West  Indies.  The  years  of  the 
W  of  disease  were  the  yeai-s  of  overcrowding,  when  military  exigencies 
iDtlided  that  Inrge  garrisons  should  hold  the  islands.  The  siuiitary  condi- 
3S  at  all  tunes  were,  without  exception,  infamous. 

rhere  was  a  great  mortality  from  scorbutic  dysentery,  whieh  was  almost 
Evdy  owing  to  diet*  Up  to  within  a  compunitivcly  late  dtitej  the  troojis 
j^fed  on  Bait  meat  threcj  and  sometimes  Jive,  days  a  week,  and  the  supply 
■eh  vegetaldes  was  scanty.  It  required  all  the  inHuence  of  Lord  Hm^ick, 
Qien  Secretary  at  War,  to  cause  fresh  meat  to  be  issued,  though  it  had 
a  pointed  out  by  successive  races  of  medical  officers  that  fresh  meat  was 
»pnly  more  wboleaome,  hiit  was  actually  cheaper.  The  result  of  an 
Hbvement  m  the  diet  was  man^elloue  ;  the  acjorbutic  dysentery  at  once 
mned,  and  the  some  amount  of  mortality  from  this  cause  is  now  never  seen. 
>t1ier  cause  of  dysentery  was  to  be  found  in  the  water,  wMch  was  impure 
Wk  being  drawn  from  calcareous  strata,  or  was  turbid  and  loaded  with  sedi- 
^1,  The  substitution  of  raiu  wat^r  has  sufficed  in  some  stations  to  remove 
Kpi  tiacea  of  dysentery. 

VUtG  food  and  water  were  bad^  the  air  was  not  less  so.  Sir  Alexander 
loch  has  given  a  picture  of  a  single  barrack  at  ToliagOj  said  to  be  the  **  best 
l.1ie  whole  Windward  and  Leeward  Command,*'!  the  figures  of  which  tell 
Ir  own  tale. 

Sarrack  at  Tobago  in  1826.— Superficial  space  per  man,  22  i  feet;  breadth, 
inches  ;  cubic  space,  250  feet 

rhe  men  nlept  in  hammocks,  touching  each  other.  In  these  barracks, 
vrded  ii&  no  barracks  were  even  in  the  coldest  cLimatea,  there  was  not  a 
gle  ventilating  opening  except  the  doors  and  windows ;  the  air  was  fcetid 
tbe  highest  degree.  With  this  condition  of  atmosphere,  it  is  impos^sihlc 
►  to  bring  into  connection  the  extraortlinary  amount  of  phthisis  which  jire- 
led  in  the  soft  and  equable  climate  of  the  West  Indies.  There  was  more 
^liiais  than  in  England,  and  far  more  than  in  Canada.  The  iirat  great  ira- 
►venaent  was  made  in  1 827,  when  iron  bedsteads  being  introduced,  each 
eet  3  inches  wide,  greater  space  was  ohhged  to  be  given  to  e^ich  man. 
~~jrexy  arrangement  for  removal  of  sewage  was  harharoua,  and  in  every 
" :  sewage  acemnulated  round  the  buildings,  and  Wiis  exposed  to  heat  and 

^  When  yellow  fever  attacked  a  regiment,  every  stool  and  evacuation  was 

into  the  cesspoob  common  to  all  the  regiment ;   and  in  this  way  the 

I  was  propagated  with  great  rapidity,  and  was  localised  in  a  most  singu- 

aer,  so  that  a  few  bundled  yards  from  a  barrack,  where  men  were 

_  by  scores,  there  would  be  no  case  of  fever.  In  spite  of  this,  it  waa 
kHy  years  before  the  plan  of  at  once  evacuating  a  barrack  where  yellow 
'et  prevailed  was  aiiopted. 

rhe  barracks  themselves  were  usually  very  badly  constracted,  and  when  in 
ne  cases  the  architects  had  raised  the  bairacka  on  archea  from  the  groundi 

ThiBit  pointed  out  In  the  Statistical  Export  (1S3S)  on  the  Weit  Indkji»  by  TuUocti  and 
Ibar  ;  and  it  u  bdifived  that  the  improvemeat  in  the  diet  wm  in  &  groat  meaflore  owing  to 
•e  gentlemen. 
•  Report,  18361 
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in  order  to  insurc  perflation  of  air  below  the  buildings,  tte   arehii 
bloekt'd  u|»  or  cdu verted  into  store-i-ooms  ;  and  the  bftrracks,  with 
tilled  witli  stagnant  air  IjMUcath  them,  wore  more  unhealthy  than  if  their 
been  plantc^d  on  the  gi-onnd. 

The  localities  for  barracks  were  often  chosen  without  consideratioiif  Cf  6l 
military  reasons,*  into  which  no  consideration  of  health  entered.  AllQiii&iS 
wore  on  the  plains,  near  the  mercantile  towns,  where  the  aoil  wiw  laoi^ 
malarious,  and  the  climate  hottest  and  most  enervating.  Malarioua  ie%m 
were,  therpfore,  comiuon. 

To  all  these  causes  of  diseases  were  a43ded  the  errors  of  the  men  thei 
For  the  othcers  there  existed,  in  the  old  slave  times,  the  greatest  temi»ta1 
reckless  and  dangerous  hospitality  reigned  everjwere  ;   the  housed  of 
planters  wei-e  open  to  alL    A  man  w^as  deemed  churlish  who  did  not 
every  comer  with  a  full  wine,  or  more  often  a  l>raudy,  cup. 

In  a  climate  where  healthy  physical  exertion  was  deemed  impossibk^o 
was  at  any  rate  disUisti'fiU,  it  wt\8  held  to  Inn  indispensable  to  eat  lajgelj  b 
maintain  the  strength.  To  take  two  breakfasts,  each  a  substantial  mctl^  m 
the  nsual  custom  ]  a  heavy  late  dinner,  fi-equently  followed  by  a  supper,  f»- 
ceeded  ;  and  to  B]jur  the  reluctant  a|jpetite,  glasses  of  hitters  and  spiiiti  w» 
taken  before  meala 

llie  pdvate  soldiers  obtained  without  difficulty  abundance  of  cheap  nn> 
whieh  was  of  ten  poisoned  with  lead.  Drunkenness  was  almost  univei^ioi 
the  deaths  from  delirium  tremens  were  fre'[nent  and  awfully  guddtfU.  Tki 
salt  meat  they  were  obliged  to  eat  caused  a  raging  thirst,  which  the  nun  hfltfi 
in  ivality  only  aggravated. 

To  us  these  numerous  causes  seem  sufficient  to  account  for  everything  }f^ 
in  former  days  an  easier  explanation  was  given.  It  waa  held  to  he  t&f 
climate  j  and  tlie  climate,  as  in  other  parts  of  the  world  besides  the  W«K 
Ladies,  became  the  convenient  excuse  for  pleasurable  follies  and  agieeaUi 
vices.  In  order  to  do  away  with  the  etTects  of  this  dreaded  climate,  ami 
mysterious  power  of  acclimatisation  was  invoked  The  Eui-opean  m^xm  !► 
quired  time  to  get  accustomed,  it  was  thought^  to  these  climatic  inlSufiM 
and  in  order  to  quicken  the  process  various  measures  were  projxised.  At  «i 
time  it  was  the  custom  to  bleed  the  men  on  the  voyagi^  eo  that  their  £antp^ 
blood  might  be  removed,  and  the  fresh  blood  which  was  made  might  6  ^ 
the  kind  most  germane  to  the  West  Indies.  At  other  times  an  attack  of  !•<« 
(often  brought  on  by  reckless  drinking  and  exi>osiu\')  was  considered  th«?  gfii^ 
preservative,  and  the  seasoning  fever  was  k>okcd  for  with  anxiety,  Tht  W 
statistical  rei>ort  of  the  army  swept  away  all  these  fancies,  and  showed  ooDci^ 
sively  that  instead  of  piti longed  residence  prixlucing  acclimatisation  and  l«i* 
ing  disease,  disease  and  mortality  increased  regularly  with  every  yott  ♦^ 
residence. 

The  progress  of  years  has  given  us  a  different  key  to  all  these  re^dta  B 
is  now  fully  recognised  that  in  the  West  Indies,  as  elsewhere^  the 


•  Tlie  history  of  the  old  St  Jnmes'a  Barracka  io  Trinitkd  is  too  remarkjible  to  H  |«^ 
over.  It  wiifl  deteniiinL»d  to  build  a  atrotig  fort — a  aecoud  GibrallAr— on  the  ]ow«r  ftftafi  nt^ 
lilUs  overlooking  the  plain  where  the  barracka  now  stand.  When  the  works  ]i««l  been  ug^ 
on  for  ioine  time,  it  wm  discovered  that  they  could  Dot  bold  the  troops.  The  \mnu^^^ 
then  ordered  to  be  placed  ou  the  plain,  under  cover  of  the  ETuna  of  Uie  fort,  Befofv  llv  I* 
wna  quite  hninhed,  it  woa  found  to  db  00  unhealthy  that  neither  white  or  bUok  laaii  cei^N 


there,  ai\d  it  wna  ahandoned.  The  hAirack,  it  ia  aaid,  waa  not  then  commcTioMi  ;  yet,  thi#i 
the  reason  tor  placitig  H  m  that  npot  had  gone,  it  was  sttU  buUt  thisre^  an  &  f^m  off  fiv 
near  two  marshfls  (Cocorite  and  ttte  Great  Western  Manli),  below  U)#  micral  Ittttl  if  i* 
plain,  and  exposed  to  the  winds  f^om  tbe  gnlliea  of  the  neigbbonring  hilla.     Ycl  iWi  ^ 

position,  HO  fniit  U\]  of  disease,  waa  in  reality  leaa  iiynrion*  than  the  had  loo*4 1 
luentat""     *'  "'  '  '  
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toms  will  insure  the  same  results.  Apart  from  miliaria,  we  hold  our  henlth 
ami  Vif*}  almost  at  will  Tlie  atiiouut  of  sickne^sa  has  ininietiHi'lj  decreased  ; 
occasionally  in  somrt  stations  which  used  to  be  very  fatal  (m  at  Triuidad)  th«n^ 
liaH  not  Lfon  a  single  death  in  a  year  among  200  men.  Among  the  meusures 
which  have  wrought  such  marvels  in  the  West  Indies  have  lu'en— 

L  A  letter  supply  of  food  ;  good  fresh  msat  is  now  issued,  and  vegetables,      I 
of  which  there  is  an  abundaace  everywhere,  I 

2.  Better  water.  I 

3.  More  room  in  barracks,  though  the  amount  of  cubic  epace  is  still  gmali 

4.  Kpuioval  of  some  of  the  atations  from  the  plaina  to  the  hills  ;  a  measuru 
which  has  dime  great  good,  hut  which  can  explain  only  a  portion  of  the  im- 
provement. The  proper  height  to  locate  troops  is  by  most  army  sui^exins 
considered  to  be  at  some  jwint  above  2500  feet 

5.  Better  sewage  arrangements,  and  more  attention  generally  to  sanitary 
cjonser^^ancy.  I 

6.  A  more  regiikr  and  temperate  life,  both  in  eating  and  drinking,  on  the 
port  both  of  officers  and  men, 

7.  The  occupancy  of  the  unhealthy  places,  when  retained  as  stations,  by 
black  trooi>s, 

8.  A  better  dress.  It  ii  only,  however,  within  the  ItLst  few  years  that  a 
more  suitable  dress  has,  at  the  in^^tfuice  of  the  late  Diroctor-Gonerul,  Sir  J.  B. 
Gibson,  been  provided  for  the  West  Indian  Islands. 

The  army  stations  in  the  West  Indies  are,  Jamaica^  Barbadoas^  Trinidad, 
8t  Vincent ;   the  last  three  being  incladed  in  the  term  **  Windward   and 
L*^eward  Command."     Bridflh  Guiana,  on  the  mainlamU  is  part  of  this  com- 
manil     There  are  small  parties  of  artillery  and  some  black  troops  in  Hondoi-as     i 
and  the  Bahamas, 

The  period  of  service  is  now  three  or  four  years  ;  formerly  it  was  eleven  or 
twelve,  but  this  was  altered  after  the  Erst  statistical  report.  Usually  the 
^f  editerraofian  legiments  pass  on  to  the  West  Indies,  and  subsecjuently  to 
Canada.  Tlie  total  number  of  men  serving  in  the  West  Indies  is  now  very 
small. 

The  proper  time  for  arriving  in  the  Wt5st  Indies  is  in  the  beginning  of  the 
cold  season,  viz,,  about  the  beginning  of  December,  when  the  hurricanes  and 
autumnal  rains  are  usually  over.  J 

Jamakll  I 

Present  strrngth  of  white  garrison,  300  to  400  :  black  troops,  700  t^>  800. 
Population  of  Island  at  last  census,  5<  16,5 14.  A  range  of  lofty  hills  (Blu*- 
^I^iuntains)  divider  Jamaica  into  two  parts,  connect cm.1  by  a  few  passes  Thi' 
troojis  were  formerly  stationed  chiefly  in  the  south  plains,  at  Kingston 
(30,000  inhabittinta),  Port-Eoyal,  Spanish  Town,  Up-Park  Camp,  Fort- 
Augusta,  &c.  After  the  Harrjon  war  in  1795  some  troops  were  stationed  at 
Maroon  Town  (2000  feet  above  the  sea)  on  the  noHh  side,  and  at  Jklontego  I 
Bay.  Subsequently  Stoney  HUl  (1380  feet  above  the  sea),  at  the  mouth  of 
one  of  the  passes,  was  occupied. 

Since  1842  some,  and  now  nearly  all  the  trof»p«5,  are  at  Newcastle,  in  the 
bills,  4000  feet  above  the  sea,  with  dct-achments  at  Kingston  and  Port-Royal 
The  other  stations  are  now  disused  for  white  tivopa.  The  sanitary  condition 
at  Newcastle  was  formerly  not  good ;  the  sewage  arrangements  were  very 
imperfect ;  it  is  now  somewhat  improved. 

Climate. — The  climate  is  very  dilTerent  at  the  difterent  stations.  At 
Kingston  (sea-level) — temperature,  mean  of  year  =  78**0 ',  VvsAXajsA-  TStfsviSiXi^ 
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July,  TBean  =  8r71 ;  coldest  month,  January,  mean  =  75*^5  ;  mssn 
tiuctiiatioa  =  6'-06,  Undulntions  trifling.  The  climate  is  limiH 
equable.  At  Newcastle  the  mean  annual  temperature  ia  about  66* ;  1 
month,  August  ^  6 7" -75  ;  coldest  month,  Fehruarv  =  61*.  Hie  dittmil 
is  considerable,  but  the  annual  fluctuatiDn  is  trLfling  (about  6").  Thd 
of  the  year  is  thorofore  much  lower  than  on  the  plains  ;  the  amplitude 
yearlj'  tluetuation  about  the  aarne  ;  the  riiunial  chaoge  greater. 

Humviitii. — This  is  considerable  in  the  plains — often  from  80  to 
cent,  of  eaturatioti  ^  7  to  9  grnina  of  vapour  in  a  cubic  foot  At  Nc'i 
the  mean  yearly  dew-point  is  about  60'  ;  the  amount  of  Tapour  in  a  cab 
of  air  i8  5*77  ;  the  mean  yearly  ndative  humidity  is  68  per  cent  of  satu 

HaifK — Amount  nu  the  plains  =  50  to  60  inches,  in  spring  and 
yiz.,  A|»ril  and  May,  and  October  and  November.    Showera  in  July  and  i 

Tl^r«r/K— Tolerahly  regular  land  winds  at  night,  and  sea  breexae 
hot  and  dry  months  during  the  heat  of  the  day.  The  central  dl 
raouti tains  turns  the  north -east  trade  wind,  so  that  it  reaches  the 
diverted  from  its  course  ;  from  December  to  Fehmary  the  wind  is  oAil 
the  nortK  ^i^id  brings  rain  and  fogs  (**  wet  northers  ").  The  eouth-eal 
in  April  and  May  is  very  moist  The  hurricane  months  are  from  ilw 
July  to  the  heginuiii^  of  November.  The  climate  in  Uie  plaina  is  tt 
hot,  et^uahle,  and  humid. 

Health  of  the  Black  Civil  Fopulaiicm. 

Of  the  specific  diseases,  smallpox  and  the  other  exanthemata 
Spot  ted  tyf»hus  is  stiid  to  he  unknown ;  typhoid  ie  said  to  be 
is  probably  more  common  than  is  supposed.  Influenza  has  prevailed  al 
and  also  the  so-called  dandy  or  polka  (Dengue).  Cholera  haa  pn 
severely.  Malarious  fever  is  common  over  the  whole  of  the  aouth 
Yellow  fever  is  common,  though  lees  frequent  and  severe  among  tha 
than  the  whites.  Dysentery  b  common,  though  it  has  always  bei 
frequent  than  among  the  troops.  Organic  heart  disease  is  frequtnit 
diseaaes  are  uncommon.  Spleen  disease,  in  the  form  of  leucocytha 
common  among  the  blacks  (Smarda).  Gout  is  said  to  be  freqnei 
scrofula  and  rickets  to  he  infrequeuL  Syphilis  is  not  common,  but  gom 
i&  Cancroid  of  the  skin  and  elephantiasis  of  the  Amba  (Pachydi 
commoiL     Leprosy  is  also  seen* 

MeaJih  of  the  Troopg, 

In  the  years  1790-9^  the  annual  morality  of  the  white  troopar^ 
the  different  stations  fmm  111  (Muiitego  Buy)  to  15 '7  per  1000  of 
Stoney  Hill  {1380  feet  above  sea-level).  In  the  years  1794-97  the 
was  much  greater ;  the  most  nnhcalthy  regiment  in  the  plains  li>sl  331 
most  healthy,  45  "4  per  1000  of  strength  ;  at  the  hill  station  of  Maro<4l) 
(2000  feet)j  the  mortality  was,  however,  only  15^6  per  1000.  In  th^ 
1817-36  the  mean  mortality  was  121 '3;  the  mean  of  the  four  htd 
years  gave  67,  and  of  the  four  unhealthiest  yeara  259  per  1000.  ~^ 
of  death  in  these  twenty  years  we 

Fevei^,    , 

Lung  diseases. 

Bowel  complaints,    . 

Brain  disease,  . 

Liver  diseases,  • 

Other  complaints,     * 


I 

lie  ma 


1019  p«r 

1000  of 

strength. 

7-5 

if 

5-1 

t9 

^m 

2-6 

M 

■ 

1 

»> 

■ 

S-2 

nt 

■ 

121-3 

ft 

■ 

b 


JAMAICA, 


639 


Ths  admissions   in  these  ysais  were   1812  per  lOOD   of  stieugtlL     In 
937-55   thi^   following  were  the  moan   results  : — ^tnrtality   per  1000   nf 
►white  troops,  60 "8  ;   black  troops^  38*2.     Admissions  per  lOOO — 
;  troops,  1371 ;   black  troops,  784.     So  that  the  mortality  had  declined 
ae-half 

In  1864  the  mortality  was  much  bolow  the  home  standard.  In  1867  it  ran 
Ip  nearly  to  the  old  amount,  from  the  prevalence  of  yellow  fever,  which  in 
*  %t  year  prevailed  again  in  Xewc^astle,  and  caused  a  greater  loss  than  it  had 
in  1S60,     At  pieaent  the  statistics  of  the  white  troops  i 


LoM  of  StrenffJh  per  lOW  per 
Antitini. 

Loii(ifSmk«p«r  1000  per 
Aniinm. 

TK4tt 

Total 
neiiUii. 

Death* 
Dbeue. 

InraUdL 

•Ion*. 

1    tHijmin 
Mciin      HcwpUiU  in 
Dmtljr  Hick.   iMQh  mt\ 
1      M.*a 

1861-70  (10  years),     . 

1871,   

Highest  in  1867,    .     . 

Lowest  in  1864»      ,     . 

la  1876  the  deatli  rate 

WW, 

20*36 
13-51 

7ro9 

7-35 
12-99 

13-51 

6980 
6-88 

27  6 
30-4 
46*91 

930  8 
1192*9 

40*68 
32*48 

78-96 

16  10 
16-17 
21*95 

An  incre^ise  in  admissions  and  mortality  occurred  in  1865  and  1866,  owing 
>  the  exposure  of  the  troops  in  the  time  of  the  negro  disturbances,  and  their 
Libsequent  partial  location  on  the  plaing. 
Before  this  period  Jamaica  contrasted  favourably  even  with  home  service^ 
ad  particularly  so  with  India. 

A  decrease  of  admissions  in  1859-64  was  chiefly  owing  to  the  conipaia- 
ively  small  number  of  cases  of  paroxysmal  disease  ;  a  decline  consequent  on 
Ihe  removal  of  most  of  the  troops  from  the  plains  (in  1859  Xewea-ntle  gave 
"29*1  admissions,  and  Port-Kojal,  on  the  plain,  443*5  per  1000  of  strength^ 
from  malarious  disease).  In  1863  some  white  troops  were  sent  to  Up-Park 
Camp,  and  furnished  a  large  number  of  malarious  cases  (547  '6  admissions  pet 
1000  of  strength),  while  at  Newcastle  they  were  only  48  p^r  1000.  The 
^^lecfease  in  the  mortality  in  the  years  1859-64  was  owing  to  lessened  fever 
^Pind  dysentery.  Among  the  black  troops  there  is  now  grrater  aieknoss  and 
mortality  than  among  the  whites;  the  mortality  in  1837-55  was  38*2  per 
lUOO;   in  1859-65   it   was  27*33;   in  1866,  23*03  per  1000;   in  1875   it 

»ra8  only    14*67.     There   is   among  these   troops  a   larg«   mortality  from 
aroxysmal  fevers,  phthisis,  and  diseases  of  the  alimentary  canal ;   and  it  is 
vident  that  their  eondition  requires  a  cloee  examination, 
The  mortality  of  the  white  troops  shows  a  marked  increase  with  agei 
The  following  seem  to  be  the  most  important  points  connected  with  the 
white  troop  which  require  notice. 

It  is  impossible  to  avoid  paroxysmal  fevers  without  placing  all  the  troops 
in  the  hilK  ^^d  it  is  very  desirable  Newcastle  should  be  made  the  only 
station  for  white  troops. 

The  possihUity  of  yellow  fever  occurring  at  an  elevation  of  4000  feet  was 
shown  by  the  appearance  of  yellow  fever  at  Newcastle  in  1860  and  1867.  In 
1860  occurred  the  remarkable  instances  of  contagion  on  board  the  ships 
"  Icarus  "  and  "  Imaum  "  described  by  Dr  Br}*soiL  Wliether  yellow  fever 
was  imported  into  Newcastle  or  not  was  a  subject  of  discussion ;  it  certainly 
appears  probable  that  it  was  carried  there  ;  but  the  imjxirtant  point  for  ua  is 
that  mere  elevation  is  not  a  perfect  security.     There  wei»,  \io^^^vst,  QxJt^  la 
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small  number  of  cases.     In  1867,  when  yellow   ferer  agpin 
Newcastle,  it  was  imported,  apparently,  b<om  Kindlon  and  Up-Aifk  Ottf 

In  the  returns  for  a  number  of  years,  cases  were  petarDed  «fl  ^eooCini 
fever;"  it  bad  never  been  clearly  made  out  wbetber  or  not  these  wa««i» 
of  typhoid  fever  until  1873-4,  when  a  ebarp  epidenuc  occurrbd  it  S^ 
castle. 

Formerly  there  was  a  large  number  of  cases  of  pbthisis  ;  pbtlumft  ii  W 
uncommon;  in  1817-36  lung  diseases  (almost  entirely  pbthists)  caused  If 
deaths  per  1000  of  strength,  or  more  than  in  England,  In  ISd^-OSthmi^ 
was  only  1  '42  per  1000  of  strength  ;  and  in  1861,  out  of  636  men  tJifXi^ 
not  a  siugle  death,  though  four  men  were  sent  home  with  coo0ttittptio& 
1865  there  was  no  death  ;  eight  men  were  sent  home. 

At  Newcastle  there  occurred  for  some  years  an  excess  of  aSeetioDB  d 
alimentary  canal,  chiefly  indigestion  ;  at  present  these  bsre  Isssensil, 
WQuhl  be  ]niport.'int  to  make  out  the  cause.     In  1 860  there  wbs  Dots 
admission  from  dvaentery  at  any  station. 

In  the  worst  times  in  Jamaica  it  was  always  remarked  that  tberewM 
a  singular  exemption  from  acute  liver  disease  ;   vt^ry  few  cases  ap|Mir  JB 
returns  under  hepatitia  ;   Tvhether  this  is  a  matt49r  of  diagnoisa%  or 
there  waa  rejiUy  an  immunity  compared  with  India  or  the  Manriliii^ 
question  of  great  interest  which  cannot  now  be  solved.      At  prassat^ 
disease  unconnected  with  drinking  is  uncommon. 

There  is  still  too  ranch  drinking,  and  the  medical  oflloers  havB 
advised  the  issue  of  hmr  instead  of  the  daily  drauL 

Venereal  diseases  haye  never  prevailed  much  in  Jamaica  ;  they  hsve 
on  an  average,  from  70  to  90  admissions  per  1000  of  strength,  'in  1862 
were  only  47  adinissionfi  per  1000  of  ati-ength.  On  an  average  in  185j 
enthetic  diseases  gave  118  admissions  per  1000.  This  is  owing  to  thepoaa^ 
tion  usually  formed  between  the  blitck  women  and  the  soldiers,  and  to  i 
lessened  amount  of  promiscuous  int<>reour8e. 

The  hLstory  of  the  years  1865-67  shows  that  the  greatest  care  and  tlioSMi 
jadiciouBamingement  of  the  men  is  necessary  to  guanl  against  a  lecfamaati 
the  old  evils. 

The  bbiek  troops  give  a  mortality  of  24*6  per  1000  (mean  of  10 
1861-70),  especiEilly  from  phthisis. 

Trinidad, 

Strength  of  garrison,  200  men.     Civil  population  (in  1871)  about  1  ID,'* 

Gv,olo(fy. — Tertiary  formation  of  Mioc^jne  age  ;  central  ran^  of  hiUa  i*  i 
indimited  formation  of  Cretaceous  age ;  the  northern  littoral  range  <v*n«i«tii 
mieaceuus  slntes,  sandstones^  limestones,  and  shales.  The  higli 
feet  ;  the  central  hiE  (Tamana)  is  1025  ;  ^th  of  the  island  is 

Climate. — Tempeniture  of  the  plains  :    Mean  of  year  a}>nut  79    ;. 
month,  JsuHiary  =  78*  ;  hottest  month,  May-61'*5  ;  next  hott-est,  ^  ' 
80'' -4.     Mean  an nnjd  flue t nation,  3^*5.     TheclLmtit^  is  therefore  v«'r 
and  limited.     There  are,  however,  cold  winds  from  the  hills  bltn-^i.^ 
small  areas. 

Ihjgrimietnj, — Mean  dew-point,  75* '1  ;   mean  relative  humidity  «  81  J«f 
cent,  of  j^aturation  ;  mean  weight  of  vapour  in  a  cubic  foot=  9'4  giaiDS;  i 
humid  month  is  May,  as  far  as  the  amount  of  vapour  is  concerned. 
with  isT-eatest  relative  humitlity,  August 

Winds  from   east  to   north-east  and  south-east     West   winds  lan^  aol 
oppi^^ftsiva 

Eain  an  the  Plaim  about  60  or  TO  inches.     Greatest  rainfall  in  ooe  ifft  i 
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nchea.     Dry  season^  December  to  May,     June   and   July   showery. 

rain  in  Augu&t,  September,  and  October. 
iiari/  Cmiditiorh — St  James'  Barrack  is  on  a  depression  on  an  alluvial 

Be  miles  from  Port  of  Spain,  the  capital  ;   it  is  on©  mUa  from  the 

V  and  throe  from  the  Great  Eastern  Swamp  ;  the  drainage,  fur  many 
most  deft?€tive,  is  now  imprtived,  aa  the  main  server  is  earned  to  the  sea, 
lay  occasions  yellow  fever  has  prevailed  in  this  barrack,  and  nowhere 
ittie  island  ;  the  last  occasion  was  in  1858-59,  and  then  it  was  proposed 
Jamoaon  (the  principal  medical  oflicer)  to  erect  barracke  on  a  spot  2200 
ove  seadeveL 
csapital,  the  Port  of  Spain  (22,000  inhabitants)^  is  built  at  the  principal 

of  the  island ;  it  is  on  a  low  and  unhealthy  plaia  Formerly,  it  was 
iBalthy  iis  to  be  scarcely  habitable,  but  after  bein^^  well  drained  and 
ty  Sir  llalf^h  Woodfoixl,  it  has  become  much  healthier.  This  was  the 
of  great  sanitary  efforts  in  a  very  unpromising  locality,  and  shouhl  be 
XI  for  all  climates. 

!e  is  still,  however,  much  malarious  disease^  dysentery,  and  at  timea 
fever  ;   but  this  last  disease  has  oocaaionally  been  very  severe  at  St 

Barracks,  "without  a  single  case  being  seen  in  Port  of  Spain,     The 
of  the  malaria  from  the  barrack  plain  is  certainly  more  than  500,  and 
»hly  aa  much  as  1000  feet 

of  TmoiM. — The  state  of  health  has  heen  and  is  very  similar  to 

JaiEiaica,  with,  however,  a  larger  percentage  in  former  years  both  of 

and  diseases  of  the  stomach  and  bowels,  chiefly  dysentery. 
jeara  1817-36,  the  average  mortality  of  the  white  troops  was  106-3 
of  strength,  and  of  these  deaths  there  were — 

5in  fevers, •  .  61*6 

Lang  diseases,       ,         .         .         .         .         .         .  .  11-5 

Diseases  of  stomach  and  bowels,     .         *         .         .  .  17-9 

Dropsies  (probably  partly  malarious,  partly  reual),  .  7*7 

Brain  diseases  (especially  from  intemperance),          ,  .  4  "7 

Liver  difleasos, .  ,  1  *1 

All  other  diseases,          .......  1  '8 


106*3 

Jamaica,  the  atatistica  of  the  white  troops  of  late  years  tell  a  very 
at  story. 

|859  there  was  an  outbrpak  of  yellow  fever,  and  the  deaths  from  disease 
84*27  per  1000.  lu  the  next  seven  years  (ending  1866)  the  average 
was  7 '48  deaths  from  disease  per  1000,  In  two  years  (1860  and 
here  were  no  deaths, 

,  in  1859,  when  the  mortaUty  was  so"  large,  there  were  ouly  10  dfiaths 
eUow  fever  among  190  men,  while  there  were  no  less  than  4  deaths 
elirium  tremens. 

;  the  diseases  in  the  i-etura"?,  the  largest  item  is  malarious  fever  ;  there 

oases  of  "  continued  fever/*  as  in  Jamaica  ;   and  this  term,  in  fact, 

er  been  absent  fiom  the  reports.     Is  this  typhoid  fever  1     In  all 

ity  it  is,  as  uuequi vocal  typhoid  fever  does  occur  iu  Trinidad.     (See 

ae*s  paper  in  the  Mo  heal  Times  tuifl  Gazeii^,  Feb.  1800.)    A  consider- 

iumbi>r  of  eaaes  of  dyspepsia  are  admitted  ;  in  1860  them  were  16  cases 

if  :221  men,  or  72  pi-r  1000  of  strength.     In  1862  there  were  103  per 

Imissiona,  from  **  digcvstive  "  diseases     Venereal  diaeaae^  \ia\^  «\^««^^ 

^w;  in  1860,  186],  IS62,  and  1864,  there  were  only  ^^%  ^V^^^Wi'^, 
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and  63-8  admi/isioDs  per  1000  of  strength*  Dysentery  is  now 
In  1860,  out  of  221  men,  and  in  1861,  out  of  225  men,  th«Pe  wm'ikIi 
single  c^ise.  In  1864,  out  of  235  men,  there  was  only  1  casa.  In  186$  thii 
were  no  admissions  from  phtkLsiis.  Phthiaia  is  much  lesft  eonxmoOy  Jfl  il 
some  years  thire  is  still  too  much  of  it 

It  is  evidont  that  if  Dr  Jameson's  suggestion  is  acted  upon,  and  tbfl 
are  removed  to  the  liills,  maktrious  fever  will  disappeax^  and  yellow 
be  jirevented.     In  such  a  tsiae,  if  the  men  will  abstain  from  drinkingr; 
island,  which  fonnerly  killed  rather  more  than  1  man  in  eveiy  10  ywlji 
be  one  of  tlie  healthiest  spots  in  the  worKI 

The  black  troops  are  now  less  healthy  than  the  white,  having  in  1 
an  annual  mortality  of  nearly  20  per  1000,  of  which   18  were  from 
Their  condition  requires  looking  into.     Of  late  years  a  very  email 
black  troops  have  been  stationed  at  Trinidad- 

The  invaliding  from  Trinidad  is  combined  in  the  Army  Reports  with 
of  the  other  islands  of  the  \A''indward  and  Leeward  Commands. 

Earbaboes. 

Strength  of  garrison,  500  to  GOOmeiL    Civil  pop^ilation  (in  1871),  Ifi 

GeoIfMjff, — Limestone  (coralline) ;  sandstone  (tertiary)  ;  beds  of  bii 
matter  and  coal  (tertiary),  clay  in  parts  (especially  in  the  hilly  <Ui$noC 
'*  Scotland  "). 

An  open  country,  well-cultivate<l,  no  marshes  except  a  amall  one  aft 
Hall,  one  mile  to  the  east  of  St  Ann's  Barracks. 

The  country  is  divided  iuUi  two  parts :  a  monntainons  district 
"Scotland,*'   and  a  lower   countr}"  consisting  of  a  sories  of  five 
terrjices,  riaizig  with  some  i-egularity  one  above  tlie  other.      The  luig^Mt 
1100  feet 

Climate  of  f he  Plain, — ^Temperature  :   Mean  of  year,  80";  hotteil 
(October),  83° ;  coldest  month  (January),  78*;  mean  yearly   HactoitM^ 
Ciiiutite  equable  and  hmited. 

Wififf, — N.E,,  trade,  strongest  in  February  to  May;  vmak  in  Septemfeirk 
November  inclusive ;  burricane  month,  August, 

Rain.- — About  56  to  58  inches,  on  an  average,  but  varying  a  |*ood  Wb 
the  autumn  chielly,  though  there  is  rain  in  all  months,  hut  much  \»^  Ik 
diy  S(5ason  is  from  December  to  ^lay, 

Waii^, — Formerly  supplied  fr<jm  wells ;  it  was  highly  calcareoiui  ^ 
present  good  water  is  supplied  by  a  water  company.  Bain  irakrttil^ 
collected  in  tanks. 

Siuiitary  Comh'/ion.^-St  Ann's  Barracks  are  placed  above  one  ami  4  lit 
mile  from  Bridget<»wn,  on  the  sea  ;  the  locality  and  the  constmctioo  d^ 
barracks  have  been  much  complained  of,  and  a  position  in  tlie  hills  ^Jviii* 
AiTongemente  for  sewering  and  the  water  supply  were  both  fonndtir  l«t 
considerable  improvements  have  been  made,  and,  since  1802,  30,0CWl 
are  supplied  daily  to  St  Ann^a  Barracks.  It  is  a  limestone  nate^ 
taining  carbonate  of  lime,  but  no  sulphate  of  lime,  and  is  remailcaliij  6i* 
from  organic  matter.  The  total  sohds  are  18 '72  grains  per  galloiL  0* 
troops  are  still  t<^>o  much  crowded  in  barracks,  the  alluwance  bcdng  imteM 
cubic  feet.  Since  1872  new  latrines  (Jennings'  pattern)  have  hwainnaiii' 
and  the  old  ones  closed. 

Formerly  vegetables  were  very  deficient  in  BorbadoeSt  and  evon  mf^  ^ 

*  Fi>r  An  extit^mcly  good  and  coaeiso  account  of  fiarbadoee,  eee  Dr  Jnm6aotk\  Bcvorta^ 
Army  Medical  Hepnti  for  1S61,  i?,  2fil . 
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difficulty  in  procuriag  theiiL     Tln?y  are  often  imported  from  other 

\  amoiig  Ciml  PojmMkm. — ^YeUow  fever  has  appeaiml  fre*:iuently, 
the  island  is  not  marshy.     It  is  not  sq  frequent  as  formerly ;   it 
►  be  expected  every  four  years, 

and  Triniiiad  contrast  greatly  in  the  freedom  from  marshes  of 
Be,  and  the  existence  of  marshes  and  malarious  diseases  in  the  otiier  j 
Jjtflmdoes  has  had  as  much  yellow  fever  as  Trinidad. 

Qtery  was  common  fomierly,  partly  from    bnd  water ;  influenza  has 
emie  a 3 vend  times.     Barhadoea  leg,  or  Ele]>hantiasis  of  the  Arabs, 
Jy  flren.     Le])roHy,  or  Elephantiasis  Gr^conim,  ia  al^o  not  very 
Variola  and  Pertussis  have  from  time  to  time  been  very  bad. 
f,  in  1766,  described  a  "slow  nervous  fever,"  under  which  term  our 
fever  appears  to  have  been  indicated  by  most  writers  of  that  period 
cription  is  not  quite  clear,  but  resembles  tjqihoid  fever  mon^  than  any 
He  also  speaks  of  "  diarrlKea  febrilia,"     Can  this  havo  boon  typhoid  f 
anculus  was  formerly  very  ffeqiient,  and  Hillary  attributes  it  to  the 
lug  water,  and  staUis  that  there  were  some  ponda^  the  water  of  which 
^  nown  to  "  generate  the  worm  if  washed  in  or  dxiink." 
"^urs  used  to  be  common. 
Xic^  pic  ton  urn  was  formerly  frequent 

^^eases  of  Troops, — Yellow  fever  has  several  times  been  very  fatal 
^rbutic  dysentery,  arising  from  the  wTctched  food,  was  formerly  very  fre- 
I  i;iid  appears  from  Sir  Andrew  HaUiday's  work  to  have  been  very  bad 
i  his  time  (1823  to  1832), 
18ir  to  1836  (20  years)— 


^▼erage  Mortality  (white  troops),  58-5  per  1000  of  strength. 


Eitest 
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18 


(in  1317). 
(in  1823). 


17  there  were  1654  men  on  the  island,  and  yellow  fever  broke  out 
1823  there  wore  only  791. 

)i  late  years,  as  in  ail  the  other  islands,  the  sickness  and  mortality  has  been 
paratively  trifling. 

a  1859-65  the  tt>tal  deaths  were  6*98  per  1000,  and  in  1866  they  fell  to 
I  per  1000,  which  is  only  Jd  the  morttdity  of  homo  service.  The  highest 
tality  of  lat43  years  was  in  1862,  viz.,  16'77  ;  the  average  nunihor  of 
ifisions  is  about  1200* 

1  1864  there  was  an  outbreak  of  a  mild  fever,  termed  "  remittent ;  "  the 
iXB  is  unknown  ;   no  case  was  fatal. 

be  increased  mortality  of  1862  was  owing  to  yellow  fever.  It  apiwarod 
among  the  civil  popidation  in  Bridgetown,  and  afterwards  attacked  the 
po  in  the  (stone)  barracks^  As  it  continued  to  spread,  the  men  were 
ed  out  and  placed  under  canvas,  with  the  best  eilccts.  A  remarkable 
ll«  of  this  epidemic  was  that  the  officers  sidiered  in  attacks  sLx-fold  more 
^th<3  men,  and  had  a  mortality  more  than  twenty-fold.  The  women  also 
mod.  three-fold  more  than  the  mem  Formerly  the  case  would  haire  been 
irsecL  In  1861  there  were  only  two  deaths  out  of  787  men,  one  from 
ijsifl  and  one  from  apoplexy  ;  and  in  1864  there  were  also  only  two  deaths 
rrhoea  and  phthisis)  among  930  meiL 
Yj^eni^Tj  is  now  uncommon- 

be  gT»?at  imj>rovement  to  be  made  at  Barhadoes  is  decidedly  a  complete 
of  barracks.     The  persistent  recurrence  of  yellow  fevei  m  \}cL'^*i  «>V^ 
cks,  with  their  imperfect  sirangements,  ahowa  them  to  \>^  Vlbj&'cassMi  <:«ja?» 


I 

1 


>4 


mw 


fl 


IjWIi 


644 


FOBEIGN  SERVICE. 


Tlie  saving 


of  the  appearance  of  the  disease, 
would  amply  repay  the  outlay. 

As  ill  the  other  islands,  the  black  troops  are  no 
than  the  white,  and  the  sanitary  condition  of  tbeb 
evidently  require  looking  into.  Phthisis  and  chron 
dieeases  cauising  mortality.  The  average  of  1859-< 
and  2046  deaths  per  1000  of  strength.  In  1865  Us 
1000  of  strength,  or,  excloding  violent  deMh?,  2049 
14*34,  or  no  less  tlmn  70  per  cent  of  total  dtraths. 


St  Lucu. 


M 


kStrength  of  garrison  =  100  men,  now  usually  i 
tion{in  1871),  36,610. 

8t  Lucia  Ls  divided  into  two  parts  :  Basseterre,  tj 
vated  part,  is  very  swampy ;  Capisterre,  hilly,  with 
of  vegetation.  The  climate  is  similar  to  that  of  the 
rainy  and  humid. 

Bwemies  of  the  White  TroapB.—Trom  1817-36  , 
average  deaths,  30  =  122*8  per  1000  of  stixjngtk  < 
were  from  fevers,  39*3  from  bowel  disease,  and  12*il 

Pigeon  Island  (a  few  miles  from  St  Lucia)  was  fc 
on  one  occasion  22  men  ont  of  55  died  of  dysentei] 
whole  55  men  not  one  tiscaped  sickness.  The  causa 
had  water.     Now  Pij^eon  Island  is  considered  healtl 

Alfchough  the  mortaUty  was  formerly  so  great, 
healthy  for  some  years. 

In  1859,  mean  strength  of  white  troops,  96  ;  admii 
not  a  single  death,  although,  if  the  mortality  had 
twenty  years  ending  1836,  12  men  would  have  died 

Better  food,  some  improvement  in  liarracks,  and 
well  water,  have  been  the  causes  of  this  extraordinaj 

22  men  were  admitted  with  "  continued  fever,"  ] 
only  2  with  venereal 

In  1 860  there  was  no  case  of  dysentery  and  ouJl 
100  men  in  this  island,  whero  formerly  there  woidd 
eases,  but  four  deaths.  One  man  died  from  phthisj 
1000. 

In  1861,  out  of  94  men,  there  was  one  death  fro 
of  10*6  per  thousfind. 

In  1862,  there  was  SB  men  on  the  island  ;  one  l 
was  no  death  from  disease.     No  case  of  jaundice  w< 

In  1863  there  was  55  men,  and  one  death  froin 
admissions,  of  which  15  were  accidents. 

Invalfdinq.' — In  1860-65  there  Wfia  dischai^ged  1 
Leeward  Command  28*86  per  1000  of  sta^ngth, 

British  Guiana*     (193,941  inhal: 

No  white  troops  are  at  present  stationed  at  Demeq 
This  station  in  the  West  Indian  Command  is  on 

from  the  equator  (nearly)  to  10'  N.,  200  to  3C 

certain  distance. 

It  is  a  fiat  alluvial  soil  of  clay  and  sand,  cove 
The  water  of  Georgetown  is  not  good  j  it  ia  ' 
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and  an  Arfceaian  well;  the  water  from  this  well  contains  a  good  deal  of 
Iron. 

Trade  winds  fom  N.R  and  R  for  nine  months.  In  July,  August,  and 
fioptt'inlier,  S.E.  and  S.  and  land-winds.     This  la  the  unhealthy  season. 

Two  wet  seasons,  Jatmary  and  Juno  ;  the  laat  ia  the  longest. 

Ti^mperatnre  of  HnramcT,  86'  ;  of  winter,  82".     Kain  about  100  ineheu. 

Formerly  there  was  an  enonnoua  mortality  among  the  troops  from  yellow 
iver  and  scorbutic  dysentery.     The  men  used  to  have  salt  meat  i^xe  times  a 

le  climate  is  most  highly  malarious,  bat  this  does  not  cause  much 

ty. 
elluw  fever  has  prevailed  here  several  times.     On  one  occasion  (1 861 )  the 
were  moved  out  and  encamped  at  some  dist^^nce  fr<jm  C^orgetown ; 
escaped  (seven  mHd  cases  only),  although  they  were  on  a  swampy  plain. 
1817-36,  the  avemge  deaths  were  74  per  1000  of  strength. 
'n  1859,  ont  of  a  mean  strength  of  143,  there  were  156  admissions  =  1091 
r  1000  of  strength  ;  2  deaths  =  1 3  "9  per  1000  of  strength.     One  death  frara 
poplexy,  one  from  drowning.     The  deaths   from  disease  were  only  6*9  par 
lOCK).     Of  the  156  admissions,  no  less  than  81  were  from  malarious  disease, 
or  at  the  rate  of  519  per  1000  of  strength,  or  nearly  one-half  the   total 
iuimissions. 

In  1860, 1861,  and  1862,  the  admissions  from  malarious  disea-^e  continued 
lugh  (673,  1380,  anil  1104  per  1000  of  sta^ngth),  the  mortality  was  very 
imall^  being  only  6  6  per  1000  in  each  year;  in  foct,  the  single  death  in  1860 
nd  in  1861  was  in  ono  year  from  "acute  hepatitis,"  and  in  the  other  from 
accident.  In  1862|  in  spite  of  the  immense  malarious  disease,  there  was  no 
de^th. 

Subsequently  to  1861  it  appears  that  scattered  caaes  of  fellow  faver 
l>ccuiTed  among  the  shipping,  and  in  the  town  every  year;  in  1866  there  was 
B>n  outbreak  among  the  white  troops.  In  eight  weeks  16  deaths  occurred 
smong  72  men,  or  22  per  cent* 

Some  important  lessona  aie  drawn  from  the  medical  history  of  this  station. 
It  has  been  shown  that  even  in  a  highly  malarious  country  yellow  fever  may 
6  evaded  by  change  of  ground,  although  the  men  are  obliged  to  encamp  on 
swamp.  Another  remarkable  point  is  the  very  small  mortality  attending  the 
paroxysmal  fevers.  It  would  be  very  interesting  to  know  the  future  history 
of  such  men,  hut  it  cannot  be  doubted  that  the  lessened  mortality  since  former 
years  must  be  owing  to  better  treatment. 

The  extent  of  malarious  disease  shows  how  desirable  it  would  be  to  avoid 
•ending  white  troops  to  Demerara. 

In  French  Guiana,  Dr  Laure,  besides  malarious  fevers,  describes  typhoid 
fever  to  have  been  for  some  short  time  after  the  arrival  of  French  pohtical 
prisoQers  after  the  e/mp  tVetai  of  1851,     It  then  disappeared. 


*  A  fall  inqairy  was  made  into  tliU  outbreak  ;  it  wms,  m  so  frcqueotly  hap|>ens,  IocAli«e<l^ 

ibr  thti  truops  were  sutft^ring  severely,  while  the  heuilth  otticer  for  the  port  (Dr  tk»tt)  stAt«ii  is 

Ilia  eviileiiM  (Report  of  the  Comr[ii.%iioDeFB  appointed  to  Inquire  Into  the  OutbreAk  of  Yellow 

F^Ter  it  Demeran  in  1866,  p.  35)  that  the  cams  in  town  irere  "  Tery  few'«t  the  time.    The 

IwmckA  were  bodlf  circumatanced  in  varioQA  w«yi,  nuticularly  in  heriiijtr  removel  of  sew*^ 

ft  tn!iich  Hvstem,  into  which  the  latrines  opeDefl,  ano  which  trenches  wer«  intended  to  be  kept 

u  by  fluitfung ;  they  were,  however,  in  a  very  foul  state,  and  were  merely  open  ccsspooU ; 

_  the  eriienoe  of  8urgeon-M«jor  Hatton  (Report  p.  37)  clearly  points  out  that  a  thorough 

Igooii  eystem  of  dry  removal  ie  the  poper  plan  for  this  colony.    Whether  thia  and  the  oUier 

un^iiitAry  conditions  gave  ita  local  oeveloptncnt  to  the  yellow  fever,  was  a  matter  of  doubt  in 

V,  but  they  are  precisely  the  same  conditions  which  have  been  so  frequently  seen  in 

lion  outbreaks,— a  foul  soil,  and,  in  addition,  open  cesspools  exposed  to  the  fiitense 

1  ii«ai(  >M  11  tropical  sun,  and  to  tba  iaflnanoe  of  a  rooiat  atmosphere  and  a  moUt  w\\.    Oni  ^^^^ 

[4»ooasion  the  troope  were  not  removed  fktMii  the  barracka  until  too  la\je. 
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Bahamas  akd  Hoxpubas. 


The  black  troops  garrison  both  those  placas,  and  show  a  degree  of  inoitdi^ 
nearly  the  samo  as  in  the  other  stations,  the  amannt  of  phthisis  bemg  w 
great  In  1862,  at  the  Bahamaa,  there  weie  no  less  than  4  ilealiu  bm 
phthisis  out  o!  a  strength  of  439,  or  at  the  rate  of  9'!  per  1000  af  itRig^; 
there  were  also  3  deaths  from  pneumonia  and  1  from  pleurisy.  In  tht  tnr 
1859-66  the  average  deaths  from  tubercnlar  diseases  per  iOOO  mftn,ws 
11 '04  yearly,  and  from  other  diseases  of  tbelunga,  5 '86  ;  out  of  100  dcatbiW 
were  from  dkeases  of  the  liinga     This  is  evidently  a  matter  for  caiiif ol  mqivt 

At  Hc»nduras,  among  the  black  troops,  the  deaths  &om  tubercular  diwi 
in  1859-66,  were  4*04  per  1007  of  strength, 

SECTION  IIL 
BERMUDA, 

TTsiml  stren^  of  garrison  about  1108  to  1300  men.  Civil  popoitAmh 
1871),  15,309, 

Climate. — Hot^  equable,  and  rather  limited. 

Tempemture, — Meim  of  year,  74"* ;   hottest  month  (July),  88**0 1 
month  (February),  64**5  \  amplitude  of  yearly  fluctuatioii,  19'<X 

The  sanitary  condition  was  formerly  very  bad ;  there  were  no 
no  efficient  dry  method  of  removal     !Now  matt45rs  are  much  ImproTviI, 
1875  the  health  of  the  troops  wa^  reported  excellent.     Eain  water  ia  mdU 
drinking. 

Diseases  of  the  Troops. 


X^ASM, 

Lou  of  Btreiifcth  per  ivm  per  SJKQUin* 

LoM  or  Senries  p«r  \<m  VS^g/^^ 

ToCftl 

D*ith»fram 
ntaeaac. 

InTSlldtDff. 

AdmlnlMi. 

"^S 

1817-36,       .     .     . 
.1837-46,       .     .     . 
1861-70  (10  y^arsh 
1867<bigW;yel-j 
low  fever  yearX   i 
1860  (low«at).    .     . 
1866-74  (ten  years), 
1875, 

28-8 
36-6 
26-02 

169-54 

8*55 
16i)4 
1106 

168-83 
670 

8-&5 

20-6 

21-92 
19 -as 

768 

1080     ' 
764  3 

716-6 
601  4 

ziu 

This  history  of  the  West  Indies  may  be  applied  to  Bermuda,  tboo^  vli 
the  exception  of  yellow  fever  years^  it  never  showed  the  great  mortifitf  rf 
the  West  Indies.  There  is  no  great  amount  of  paroxysmal  f evisa ;  Ii » 
years  (1837-40)  there  were  only  29  admissions  out  of  an  aggr^^ata  ilcfll^ 
of  11,224  men.  ^— 

Yellow  fever  has  prevaded  seven  times  in  thia  country — Ttx»«  in  18^1 
1837   1843,  1847,  1853,  1856,  and  1864.  ^^ 

The  history  of  the  yellow  fever  in  186^  is  given  in  detail  by  Dr  BiJT«»^*     ' 

The  total  mortality  was  14  offi<:jer9,  173  men,  5  women,  and  i  diaklv^ 
The  deaths  to  strength  were,  among  the  officers,  18 '9,  and  amotig  ibi  Vi^ 
14  "9  per  cent  The  officers'  mortality  was  owing  to  a  latgo  number  ef  ilsA» 
among  the  medical  officers. 

•  Afmy  M«dic«l  Report,  voL  v.  p.  290. 
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The  town  of  St  George's,  in  Beraiuda,  preaenta  every  local  condition  for 
the  sjirwi J  of  yiiUow  fever ;  the  town  is  quite  nntiewered ;  bodJy  supplied  with 
water ;  badly  built 

**  Dandy  fever,"  or  break-bone  (Dengue),  bna  prevailed  several  timea 

**  Continued  fevera"  (no  doubt  in  part  typhoid)  have  r.l\vaj*8  prevailed 
more  or  leas  at  Bermuda  hi  the  ten  yoara  (1837-46)  tboy  gave  1004 
jidioi^iona  out  of  11/224  men,  or  B8  per  1000  of  strengtli,  being  much 
greats- r  than  at  homa 

In  1859  there  were  only  11  cases  of  ** continued  fever"  out  of  1074  men; 
"bat  in  1860/* continued  fever"  prevailed  severely  (209  cases  in  1052  men). 
It  was  of  a  mild  type,  and  caused  little  mortality.  It  was  probably  not 
^rphuifl,  but  I  have  learned  notliing  definite  of  its  nature.  It  prevailed  in 
September,  October,  and  November.  Was  it  mild,  bilious,  remittent,  or 
••  lapsing  fever  1 "     It  is  said  that  the  drainage  was  defective  at  IlauiUton. 

In  1866  there  was  decided  typhoid  fever,  and  a  considerable  mortality.  In 
1875  there  were  5  admiasionB  recorded  and  1  death  in  1902  men* 

Formerly  tuberculous  diseasea  caused  a  coaaiderable  mortality.  In  the  years 
1817-36,  diseases  of  the  lu.igs  gave  a  mortality  of  no  less  than  8*7  per  lOOD 
<rf  strength*  In*  1837-46,  the  lung  diseases  gave  a  yearly  mortality  of  8*3 
per  1000  of  strenglk  Of  late  years  the  amount  has  decreased.  The 
admissitms  and  deatlis  respectively  were  10*5  and  2*6  in  the  seven  years 
1859-65.  In  1870  the  deaths  from  phthisis  were  D57,  and  in  1871  no  less 
than  5  19  per  1000  of  strength;  in  1875  they  were  1'58. 

Diarrha^a  and  dysentery  were  also  formerly  very  common,  but  of  late  years 
there  has  been  a  great  decrease     Diseases  of  the  eyes  are  common. 

There  has  always  been  much  intemperance,  and  a  large  number  of  deaths 
from  delirium  tremena.  This  waa  the  case  even  in  1866  ;  there  were  no  less 
than  5  deaths  out  of  a  total  of  28. 

Venereal  diseases  have  averaged  from  55  to  80  per  1000  of  strength. 

In  considering  the  sanitary  measures  to  be  adopted  at  Bermuda,  it  would 
aeem  that  dminage  and  ventilation  are  still  most  defective,  and  that  means 
dhoold  be  taken  to  check  intern jiie ranee.  If  yellow  fever  occurs,  the  measures 
should  bo  the  same  as  in  the  West  Indies. 


SECTION  lY. 

AMERICA^N    STATIONS. 

SuB-SECtioN  L— Canad.\.* 


I  The  nsnal  garrison  used  to  he  from  3000  in  profound  peace,  to  10,000  or 
^Ll^OOO  in  disturbed  times.  In  1871  the  troops  were  withdrawn  from  Canada 
Pttnd  concentrated  at  Halifax. 

Lower  Canada* 

Cfiief  8iattom--h  Quebec  (59,609  itihabitmUs). 

T«»ia?ffm^«re.— Mean  of  year,  41';  hottest  month  (July),  71" -3;  coldest 
(Janiuaj),  IT.     Annual  fluctuation,  60' '3. 

The  undulations  of  t€m|>eratinre  are  enormous.  In  the  winter,  sometimes, 
there  is  a  range  of  30,  40,  and  even  more  degrees  in  24  hours,  fr»jm  the 
alternation  •♦f  northerly  and  southerly  winds.  In  one  case  the  thermometer 
fell  70'  in  12  hours.     The  mercury  is  sometimes  frozen. 

*  For  m  ejieelknt  Accoaot  of  the  C&iuidiAn  fltfttlona^  tes  Sir  W.  Mulr'i  Hepart  la  t)»A 
Army  Medio^  B«porto  for  1862,  p.  375. 
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The  Biean  temperature  of  the  three  summer  mq 
12**8.     Tlie  climate  ia  "extreme"  and  variable, 

Itain.^Ahont  36  to  40  inches.     The  air  is 
in  the  dopth  of  ivinter. 

Bnrnicki. — BuOt  on  lower  Silurian  rocka. 
lower  town  is  damp* 

Amornit  of  cubic  space  smaiL     Casematae 
ventilated,  ill  light^^d, 

2.  Montreal  (107,225  inhahiim 

Teniperaiurt.' — Mean  of  year,  44 *"*(>;  hottest  moni 
(January)  1 4 *  •  5,  Anniial  fluctu ation,  6 8°  •6»  The  u] 
though  not  so  great  as  at  Quebec. 

Mnan  of  the  three  summer  months,  TO^'Sj^ 
17^2. 

MaifL-^Z^  to  44  inches. 

Barracks. — Bad  ;   very  much  overcrowded 

In  Lower  Canada  are  also  many  smaller  statio 


Theuj 
iofliP 


Upper  Canada* 


,(m% 


on;  t 

I 


Cfihf  Station.^— h  Toronto  {70,^ 

Tetnp&rnture.—^lmii  of  year,  44°  *3 ;  hottest  monj 
(February),  23' '1.     Difference,  437.     Great  undula 

Mfi  fu. — 31*5  in  c  hea 

The  town  stands  on  ground  originally  marshy,     T 
on   limestone   rocks  of    Silurian    age.     Averag)e 
Drainage  bad 

Intermittent  fevers  among  the  civil  population ;  t 
the  troops, 

2.  £tngdon> 

Tt'TfipfTature. — ^Mean  of  year,  45° '8, 
Malarious. 

London,  HamDton,  and  several  smaller  stations — 1 
&a — were  also  occupied  at  one  tima 

Diseases  of  the  Civil  Inhabtim 

Formerly  ague  was  prevalent  in  Upper  Canada,  el 
is  now  much  less.  At  Montreal  agiie  used  to  be  j 
frequent     It  prevails  from  May  to  October,  and  is  ^ 

If  the  isothere  (mean  summer  temperature)  of  65* 
malaria,  both  Quebec  and  Montreal  are  within  the 
too  severe,  and  the  ^>eriod  of  hot  weather  too  short, 
ment  of  malaria. 

The  climate  is  in  both  provinces  very  he>althy,  ai 
earliest  recorda,  though,  when  the  country  was  tirst 
scurvy. 

Typhoid  is  sometimes  seen.  Typhns  has  been  a 
ships,  but  has  not  spread,  or  at  least  has  soon  die< 
vailed,     yellow  fever  dies  out     Consiiniption  is  de< 

Acute  pulmonary  diseaaea  waei^  \«  ^^»  ^ow'^v^'st^^^ 
but  it  is  doubtful  ^Wtl^feT  t\ift^  BJCt  m\wi^  mw&  i:«^ 
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Diseaim  of  the  Troops. 

Tears    1817-36   (20  years).— Admisfiions  per   1000  of  BtTCngth-^1097  ; 
ithd  16*1  (witliout  violent  deatlis). 
Years  1837-46  (10  years),— Ytiarly  admissione  per  1000  of  strength,  982; 
▼Binge   daily  sick  per    1000  of  strength,   S&'l  ;  mortality  (violent    deaths 
JKduded),  13  ;  morUdity  with  violent  deaths,  17-42. 

The  inortidity  was  made  up  in  part  of ^f ever,  2  "13;  hinfr  disease,  744  ; 
lomach  and  bowels  disease,  Til  ;  brain  disease,  1  '28.     Nearly  two-thirds  of 
Jie  fevers  anj  returned  as  "  coDimon  continued,"  probably  typhoid 
^Tenereat  admissions,  117  per  1000. 

ysijMflas  was  epidemic  at  Quebec,  Montreal,  and  Toronto  in  1841 ;  at 
atreal  in  1842,  from  bad  etiniUiry  conditiona, 
~ie  ffjUowing  table  shows  the  mean  of  the  later  years ; — 


Tbau. 


Lu«i  of  Strength  i»er  lOOa. 


By  eotil 


Br  Deftthfl 

from 

nUcAM. 


By 


I  of  Sf  rrlpo  per  tOOO, 


Adinls- 
Bloni. 


Mean  DaUf 
Stck, 


Pnyi  In 

HOKpt  I  Hi 

to  tuch 
Sick  Mttn, 


1861-70  (lOyeai*), 
1871,       .... 


901 
»-55 


5-87 


15& 
17*6 


616*9 
6798 


S(J'S6 
33*15 


17  "14 
17-8 


hifluenct  of  Age  on  Mortality, 

Under  m 

20-34.      1      25-39. 

ao4i4. 

Rfi^89. 

40ifldi>rLT, 

1861- 

-70  (lOyeara), 

3-47 

601    I     9-SO 

1113 

17-66 

20-23 

^ese  numbers  show,  what  indeed  is  apparent  in  all  the  records,  that 
Canada  is  a  very  healthy  station. 

The  amount  of  phthisis  has  always  been  smaller  than  on  home  service,  and 
xegiments  of  the  Guards  proceeding  froui  London  to  Canada  have  had  on  two 
occasions  a  marked  diminution  in  phthisical  difloase. 

In  this  respect,  also,  Camida  contrasted  formerly  with  the  West  Indies,  but 
of  late  yeai-s  the  decline  of  phthisis  in  the  West  Indies  has  lessened  the 
euperiority  of  Canada, 

The  comparatively  small  amoimt  of  phthisis  is  remarkable,  as  the  troops 
have  at  tuiiPS  been  very  much  crowded  in  barracks.  They  Lave  now  the  home 
allowance  of  space  (600  cul>ic  feet). 

Of  late  ycEins  phthisis  has  declined  considerably  with  improved  barrack 
aocommodatioa 

In  the  20  years,  1817-36,  the  annual  admissions  were  G*5,  and  the  deaths 
4 -22, per  1000  of  atrt^ngtb. 

In  the  years  1 859-65  the  admissions  from  the  whole  tubercular  class  were 
8  3,  and  the  deaths  were  1*67,  jwr  1000  of  etrcngth.*  It  is  curious  to  ob- 
i«,-ve  that  ibis  diminution  has  been  coincident  with  a  similar  change  at  homo.t 

•  Still  the  lujng  coniplaitita  ure  higher  than  they  fihoiiM  be.  Sir  William  Mulr  (Army  A!ed. 
Report,  vol.  viii.  p.  WJ),  after  detailing  the  measQrf?^  taken  by  him  to  improve  the  llarrack 
accoiun]oda.tJon4  saya,  **I  cannot  heJp  thinking  thut  the  large  nuralwr  of  rnen  tr«ateii  and  iit- 
Ti^Uded  for  che«t  dja«iiae,  diiriug  the  live  yeara  1  have  been  on  thi^t  command,  bears  a  close  rela- 
liimfthip  to  thia  impure  ttate  of  barrack  air." 

+  In  ecmtmsting  tli«  consumptive  invalirlity  at  Gibraltar,  Bermuda,  and  Canada,  the  Re* 
porrtenj  of  1S39  (Army  Med.  Ret>ort)  remark  that  the  returns  **afronl  another  interestiiig 
nroof  how  little  tbe  teudencry  to  cotisumptiou  ia  iQcreoMd  either  by  intcnaity  of  oold  or  lud- 
deo  atniosphedcal  vidHjitudea***    ik©  ako  tlje  renjarki  oa  PhthUla  isi  lTktofc«X.  t^  «o>om!«ji«I!X 
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Tlie  acute  lung  affections,  pneumoiiia,  and  acute  bronchitis,  appear  for 
to  liave  been  rather  more  prevalent  in  Canada  than  thej  are  now* 
The  following  table  gives  the  mean  and  extr^nubs  far  8  yeais  (185^-W)  :- 

Per  1000  «f  Samttth. 

Pneumonia— Mean,        .  .  »  12*24                  'BbU 

Highest,    .  .  .  15  33                1-9% 

Lowest,      .  .  *  7 '91 

Acute  bronchi tiB —Mean,  .  .  4*2  "67 

Highest,  .  .  49-79 

Loweiit,  ,  .  28-48 


•411 
•309 
•719 
•093 


Average  of  the  mean  of  both,      .         2745  '5833 

If  this  table  is  compared  with  the  similarly  constructed  table  (at  fMge  Glf^ 
showing  the  prevalence  of  theae  diseases  at  home^  it  appears  that  both  pom- 
nionia  and  acute  bronchitis  ore  mther  more  fatal  in  Canada.  Both  to^edMZ 
gave  a  mortEility  of  -856  per  1000  at  home,  and  M66  per  1000  in  Cau^k 
The  admissions  from  pneumonia  are  also  higher,  but  those  from  acute  Wji* 
chitis  are  one-third  less  than  at  home,  showing  that  the  common  catanyi 
affections  are  probably  less  frequent  in  Canada,  On  the  whole,  howoTei;  lit 
influence  of  thu  severe  chmate  and  the  exposure  on  guard  in  C^iada  ppodaoi 
less  effect  than  might  have  been  anticipated. 

"  Continued  fevers"  {probably  enteric)  almost  yearly  give  Bome  moitalitr; 
the  mean  being  about  "6  per  1000  of  Btrengtk  This  is  actually  jncam  ll« 
on  home  service,  and  depends  probably  on  the  dlfficultitis  connect^  wtti 
drainage.  A  good  dry  system  is  the  only  plan  which  can  be  depended  on  ia 
Canada, 

The  great  healthiness  of  Canada  in  part  probably  depends  on  the  fact,  ^ 
the  extreme  cold  iti  winter  lessens  or  prevents  decomposition  of  animal  mitUr 
and  the  giving  off  of  effluvia  ;  hence,  in  spite  of  bad  drainage  and  de&jat 
water,  there  b  no  very  great  amount  of  fever.  In  the  hot  enmmer,  the  lib  v 
an  open-air  one.  Even  in  winter  the  dry  cold  permits  a  good  deal  of  eMtem 
to  be  taken. 

The  amount  of  drimkenness  and  delirium  tremens  in  Canada  nsed  to  be 
great.  In  1 863  no  less  than  9  out  of  96  deaths,  or  nearly  one-tenth,  nr© 
caused  by  delirium  tremens.  Violent  deaths  also  are  usually  lai^  dn>' 
giving  the  largest  proportion* 


ll 


The  sickness  and  mortality  of  Nova  Scotia  and  Kewfoundland  ans 
identical  with  Canada,  and  they  are  now  included  in  the  returns  under 
head  of  *'  Dominion  of  Canada.''  Both  stationa  have  always  been  couMmi 
very  healthy.  There  is  some  typhoid  fever  at  H^ifax^  and  at  both  j/km 
there  was  formerly  much  drinking,  but  that  ia  now  less.  In  British  Colomliuv 
where  there  ia  a  emidl  garrison  of  100  to  1 50,  the  health  is  alao  eactiuMf 
good. 

SECTION  Y. 

AFRICAN    STATIONS. 

Sub-Section  L^StHblbnju 

Garrison,  350  to  700.     In  1875  only  185.     Civil  population  (in  18 

6,24  L 

Until  very  lately  this  small  island  has  been  garrisoned  by  a  local  eoni{ 
Helena  Regiment).  The  system  is  now  altered,  and  a  West  India  **  " 
now  serves  in  the  island  for  three  or  four  yeara 
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^V  The  island  Ima  always  been  liealtby  ;  seated  in  the  trade  winds,  there  in  a 
^Boilerably  constant  breeze  from  eouth-eajst.  Tiie  aver^^  mortality  in  the  years 
^■859-66  was  975,  or  without  viulent  deaths,  7*85.  In  1867  the  mortality 
Hkom  disease  was  only  5-21  In  1875  almost  the  same,  viz.,  5-41,  There  is 
[Very  little  malarious  disease  (about  50  to  60  admiasions  per  1000  of  stn^ngth), 
but  there  has  frequently  been  a  good  many  cases  of  **  continued  fever,"  and 
dysentery  and  diarrhcea  are  usual  diseaaea  Formerly  there  appears  to  have 
been  much  phthisis,  but  this  is  now  much  less,  giving  another  in^tanco  of  the 
decline  of  this  disease,  as  in  so  many  other  stations. 

In  the  years  1837-46,  ths  admissions  from  tubercdar  diseases  averaged  21 
per  1000  per  annum,  and  the  deaths  6 '4 5,  In  the  years  1859-66  the  admis- 
sions from  tubercular  dise-ases  were  6^  ;  and  the  deaths  1"66  per  1000.  In 
1867  there  were  no  admiKSJons.  The  health  of  the  troops  would  have  been 
even  better  if  the  causes  of  the  continued  fever  and  dysenttjry  could  have  been 
discoverod  and  removed,  and  if  the  amount  of  drunkenness  had  been  le^s. 
The  retnrns  from  St  Helena  are  now  combined  with  those  from  the  Cape  of 
Guod  Hope. 

Sub-Sbction  IL — West  Coast  of  Africa.* 

The  principal  stations  are  Sierra  Leone,  and  Cape-Coast  Caatla 
The  station  of  Gambia  has  now  been  given  up,  and  troops  are  no  longer 
stationed  regularly  at  Lagos  (500  milee  from  Cape-Coast  Castle,  and  occupied 
in  1861).  in  1875  Sierra  Leune,  Cape-Coast^  and  Accra  were  occupied,  and 
Ehiiina  for  a  shurt  time.  No  white  troops  are  employed,  except  during  war- 
tiijie,  as  in  the  Ashaoti  campaign  of  1873, 

Sierra  Leone, 

Strength  of  garrison,  300  to  500  black  troops,  with  a  few  officers  and  non- 
commissioned  othcers.  Civil  pc^pulation  (in  1872),  37,089.  Hut  season 
from  May  to  the  miihiJe  of  November  ;  Harmattan  wind  in  iJec^mber; 
soil,  red  sandstone  ^nd  clay,  very  ferruginous.  There  are  extensive  mangrove 
ewBinps  to  N.  and  8.  Water  very  pura  The  spring  in  the  barrack  square 
contains  only  3  to  4  grains  per  gallon  of  solids. 

This  station  had  formerly  the  reputation  of  the  moat  unhealthy  station  of 
the  army.     Nor  was  this  undeserved* 

From  1817  ta  1837  (twenty  years)  there  were  yearly  among  the  troops— 
Ailmisaions,         ,         .         .         2978  per  1000, 
Lieaths,        ....  483  „ 

At  the  same  time,  about  17  per  cent,  of  the  whole  white  population  died 
annually. 

The  chief  diseases  were  malarious  fevers,  which  caused  much  sickness^  but 
no  great  mortality  ;  and  yellow  fever,  which  caused  an  immense  mortality. 
Dysentery^  chiefly  scorbutic,  was  also  very  fatal 

The  causes  of  this  great  mortality  were  simple  enough.  The  station  was 
looked  upon  as  a  place  of  punishment,  and  disorderly  men,  men  sentenced 
for  crimes,  or  whom  it  was  wished  to  get  rid  of,  were  draughted  to  Sierra 
Leone.  They  were  there  very  much  overcrowded  in  barracks,  which  were 
placed  in  the  lower  part  of  the  town.  They  were  fed  largely  on  salt  meat  ; 
and  being  for  the  must  part  men  of  desperate  character,  and  without  hope, 
the  J  were  highly  iuti-mperate,  and  led,  in  all  ways,  lives  of  the  utmost  disorder. 
They  considered  themselves,  in  fact,  under  sentence  of  death,  and  did  their 
bc«t  to  rapidly  carry  out  the  sentence 

*  For  •  rtTf  goor!  nccmint  of  the  topograpli^  of  ih»  QM  Cout,  bm  Dr  R.  Cltrke's  paper  In 
Ui«  TnukateiiuiiA  EpJd.  Society,  vol.  i. 
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Eventually,  all  the  white  troopa  were  lemoved^  and  ths  place  h/m 
been  garrisoned  by  one  of  the  West  Indian  legimenta.  Of  late  yeara^  th«i 
white  population  of  Sierra  Leone  (civil  and  military)  has  not  been  mare 
from  100  to  200  persons. 

The  great  sickness  and  mortality  being  attributable,  as  in  so  many 
cases,  chiefly  to  local  causes  and  individmd  faults,  of  late  years  E 
have  been  comparatively  healthy  ;  although  from  time  to  tiin©  fatid 
of  yellow  fever  occur.  They  are,  however,  less  frequent  and  leas  fatal 
formerly.  The  position  of  the  barracks  haa  been  altered,  and  the  food  in  midlj 
better.  One  measure  wliich  ia  supposed  to  have  improved  the  health  of  w 
place,  is  alio  wing  a  speeiea  of  gi-ass  (Bahama  Grass)  to  grow  In  the  stjtiiii.^ 
The  occupienj  of  the  adjacent  houses  are  ohhged  to  keep  it  cut  shorty  and  * 
good  order. 

During  the  four  years,  1863-66,  there  died  8  white  non-comm bmtm 
o Beers,  in  the  whole  command  of  the  West  Coast^  out  of  an  avejage  atreo^ 
of  25,  or  at  the  annual  rate  of  80  per  1 000  of  strength.  Three  of  the  8  dmh$ 
were  from  liver  disease,  two  from  delirium  tremensi  two  from  feTeia,  and  cor 
from  dysentery.  In  1867  two  serjeanta  died,  out  of  15  white  men — ana  bw 
apoplexy,  one  from  delirium  tremens. 

Among  the  black  troops  serving  in  Sierra  Leone  and  the  Gold  Coail,  tbi 
letuma  of  the  ten  years  1861*70  gi\Q  1283  a^imissions  and  22*49  deitlispl 
1000.  In  1871  the  deaths  were  15 '63  per  10€0  from  disease.  Amoi^tbt 
causes  of  death,  tubercular  diseasea  hold  the  first  place^  amounting  to  71)5  p* 
1000  of  strength.  In  1862  phthisis  amounted  to  no  less  than  12*6  per  IW 
of  strength,  and  constituted  437  per  cent  of  all  deaths  from  disease^  Tliap 
were  also  946  per  1000  of  strength  deaths  from  pneumonia.  In  I86dtkt 
deaths  from  phthisis  were  9  3  per  1000  of  strength,  and  made  up  36-3  ]«r 
cent  of  the  total  deaths.  In  1867  the  tubercular  deaths  per  1000  of  etreo^ 
were  17 '71  in  Sierra  Leone,  15*87  at  the  Gambia,  and  12 -5 8  at  the  GoldCcasi 
and  Lagos  together.  It  seems  clear,  indeed,  that  in  all  the  stations  of  the 
West  India  corps  (Iilack  troops),  the  amount  of  phthisis  is  great  ;  in  lact»  tb« 
state  of  health  generally  of  iliese  regiments  requires  looking  into^  aa  in  tfao 
West  Indies* 

In  186:i  there  were  only  five  cases  of  intermittent^  and  eighteen  of  lemiUeat 
fever  among  317  negroes. 

In  1861  Bome  of  the  troops  from  Sierra  Leone  and  the  Gambia  were  em- 
ployed up  the  Gambia  against  the  ^landingoes,  and  also  against  the  chicth  ol 
Quiat  In  1863  and  1864  the  Ashanti  war  prevailed.  All  these  wa»  adikd 
to  the  sickness  and  mortality,  so  that  these  years  are  not  fair  examplaa  of  fha 
inlluence  of  the  climate. 


Gamhicu 
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No  troops  have  been  quartered  here  of  late  years,  and  it  has  been  m  ( 
templation  to  abandon  the  station.  It  is  much  more  malarious  than  any  rf^^ 
the  others.  The  drinking-water  is  bad  ;  all  barrack  and  sewage  arran^isiillli 
are  imperfect  Yellow  fever  from  time  to  time  is  very  deatmctiva  In  185§ 
two  out  of  four  European  Serjeants,  and  in  1860  three  meiltcal  offioen^  dM 
of  yellow  fever*  Among  the  black  tiiH^ys  in  1859-65  the  admianotia  Wttt 
1169-8,  and  the  deaths  2997  per  1000  of  strength. 

As  at  Sierra  Leone,  phthisis  and  other  diseases  of  the  lungs  canaod  a  ha§t 
mortality  among  the  negroes.     In  1861  phthisis  gave  iive  deaths  ontrfa 
strength  of  421,  or  at  the  rate  of  11-6  per  1000  strength  j   and  pOBfaJ^M 
gave  four  deaths,  and  acute  bronchitis  three>  or  (togetlier)  at  the  rate  of  flU 
per  1000  of  strength.     Phthisis,  pneumonia,  and  bronchitis  gave  neatly  W 
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k    per  cent  of  all  deaths  from  disease.     Tliis  was  higber  than  in  previous  years  ; 

k  but  in  1862  phthiaia  gave  14*35  deatlis  per  1000  til  strength  and  coastitutM 
K  per  cent  of  the  whole  nainher  of  deaths.  Tiiero  was,  however,  no 
poeiUDOQia  or  bronchitis  in  that  year.  In  1856  the  tiihercnlar  claas  gave  9*53 
deaths  per  1000.  In  18S3,  however,  there  were  no  deaths  from  pbthMa 
Although  the  period  of  obs*>rvation  is  ehort,  it  c^m  hardly  be  doubted  that 
liere,  as  ebewhere  in  the  Bttitions  octupied  by  the  West  Indian  re^^iment^ 
momB  causes  influencing  the  lungs  prcjudiciidly  an^  everj'where  in  action.  It 
is  probably  to  be  found  in  bad  ventilation  of  the  barracks. 

Among  the  few  white  residents  at  the  Gambia,  diarrha^a,  dysentery,  and 
dyspepsia  appear  to  bo  common-  These,  in  part^  arise  from  the  bad  water  ; 
in  part  from  dietetic  errors  (especially  excess  in  quantity),  and  want  of  exercise 
mm  attention  to  ofdinary  hygienic  rules. 

Cape'Ooad   Cadle  {Gold  Coast). 

Garrison,  300  to  400  (black  tioops). 

NThis  station  has  always  been  considered  the  most  healthy  of  the  three 
Lncipal  places.     It  is  not  so  malarious  aa  even  Sierra  Leone^  and  much 
s  80  than  the  Gambia,  and  tias  been  much  less  freqtjently  attacked  with 
,  yellow  fever.     Dysentery  and  dyspoj^sia  are   common  diseases  among  the 
^white   residents.      Among    the   black   troof>a   the   prevalence   of   phthisis, 
pneumonia,  and  brouchitis  ia  marked,  though  lees  so,  perhaps,  than  at  the 
other  two  stations. 

One  peculiarity  of  the  station  is  the  prevalence  of  dracuncukis.  This  is 
uncommon  at  Sierra  Leone,  and  at  the  Gambia.  It  is,  on  the  other  hand, 
reacy  frequent  at  Cape-Coast  Castle. 

Admi^^msfrom  Guinm-Worm,  per  1000  of  StremftK 


Qabribokb* 

1860. 

186L 

1862. 

1863, 

Si«rm  Leone,     ,     .     .     . 

GftmbiA,        

Cape-CoaAt  Caatle,  .    .     . 
Wo^ 

2-6 
246 

285         j 

115 
38 

11*62 
128 

The  investigation  of  the  cause  of  dracuncnlus  at  Cape-Coast  Castle  is  one 
which  would  well  repay  the  trouble,  so  abundant  is  the  material  of  observa- 
tion ;  it  would  probably  clear  up  the  still  doubtful  points  on  the  mode  of 
ingress.* 

Hygiene  on  the  Wed  (hasL 

There  is  no  doubt  that  attention  to  hygienic  rule^  will  do  much  to  lessen 
the  sickness  and  mortality  of  this  dreaded  climate.  In  fact^  here  as  elsewhere, 
have  been  contented  to  lay  their  own  misdeeds  on  the  climate.  Malaria 
of  course^  to  be  met  by  th«  constant  use  of  quinine  during  the  whole 
period  of  service.  The  other  rules  are  summed  up  in  the  following 
quotation  from  Dr  Bobeirt  Clarke's  paper,  t  and  when  wo  reflect  that  this 
extract  exprefisea  the  opinion  of  a  most  competent  judge  on  the  efTect  of 
climate,  we  must  allow  that,  not  only  for  the  West  Coast,  but  for  the  West 
Indies,  and  for  India,  Dr  Clarke's  opinions  on  the  eiaggeration  of  the  effect 
of  the  sun's  rays  and  exposure  to  night  air,  and  his  statement  of  the  necessity 
ol  exercise,  are  fall  of  instruction  \ — 

♦  For  Anybody  interested  in  the  mve«tip»tion  of  th*  unBt/^mv  of  Uie  dracunculaai  Dr  Butkn't 

TT  in  the  Llnn««i  Trwiwictions  ^863)  cnn  he  recommcuded* 
Traufl.  of  tlie  Epidem.  3oc  vol.  I  pp.  123,  124. 
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**  Good  hcaltli  may  generallj  be  ei^oyed  by  judieiooa  attentiofn  to  a  tiv 
simple  niiea  In  tbe  foremost  rank  should  be  put  temperane^  witb  tc^okr 
ttntl  induatrious  liabits,  European  residents  on  tha  Gold  C<iajst  are  too  ofles 
satisfied  with  wearing  apparel  suited  to  the  climate,  ovcrloriking  the  fad  tbit 
exeidse  in  the  open  air  is  just  as  necessary  to  preeerro  health  thitre  as  il  h  ii 
Europe.  Many  of  them  likewise  entertain  an  impreBftion  tbat  the  mn's  tt^ 
are  hurtful,  whereas  in  nine  cases  out  of  ten  the  mischief  is  donis,  not  ty  III 
sun's  raya»  Ijut  by  habits  of  persancd  economy.  Feeling  sadly  iho  wmnanm 
sameness  of  life  on  this  part  of  the  coast^  reeourse  is  too  frequently  bid  to 
stimulants,  instead  of  resorting  to  inexhausting  employments,  the  only  mb 
and  effectual  remedy  afiainst  an  evil  fraught  with  such  UmenUibii 
seciuences.  Europeans  also  bestow  too  little  attention  on  ventilatioa,  fai 
barm  being  done  by  close  and  impure  air  during  the  ni^ht  than 
brought  about  by  exposure  to  the  night  air. 

**  Much  of  the  euflering  is  occasioned  hj  over-feeding."     (P.  ISi.)*' 

Sub^Sbotion  ni- — Cape  of  Good  Hops. 

Ptarrison,  about  3000  mem 

The  chief  Btations  are  Cape  Town  (about  45,000  inhabitaiitaX  Gt 
To^^Ti,  King  Williain^s  Town,  Port  Kli^iibeth,  Algoa  Bay,  and  mveul  ahII 
frontier  stations.  At  Natal  there  is  also  a  smaU  force.  The  ciimile  ii 
almost  everywhere  good  ;  the  t-cmpcrature  is  neither  extreme  dot  my 
variable  ;  the  movement  of  air  is  considerable, 

xit  Cape  Town  the  mean  annual  temperature  is  67',  with  a  mean  aamoil 
range  of  about  38'* 
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Malarious  diseases  are  very  uncommon.  Continued  fevers  (pfoh 
typhoid)  are  seen  and  are  mther  common,  though  not  very  fataL  In  1859 
they  gave  a  mortality  of  1'25  per  lOOO.  In  1869-74  only  0*35  per  lOOa 
In  the  earlier  periods  dysentery  and  diarrha^a  were  very  common  ;  tht*j  are 
now  less  so ;  in  many  cases,  especially  in  the  small  frontier  atatioiu^  tlwT 
were  clearly  owing  to  bad  water. 

Ophthalmia  has  prevailed  rather  largely,  especially  in  9ome  yean  j  tinm 
is  a  good  deal  of  dust  in  many  2>arts  of  the  colony,  and  it  haa  beeD  attxibalid 
to  this  ;  the  disease  is  probably  the  specific  ophthalmia  (grey  granulationffK 
and  is  propagated  by  contagion.     Whether  it  bod  its  origin  in  any  catBirliil 

•  CanBidera^ile  iiitefpiit  in  thi«  jjatt  of  the  work  was  t^  "--^  ^  i^^-  +>'^  -^fiumux  of  UIm 
War  of  1873,  for  an  admirable  nt^count  of  which  «W5  tlir  >  pofts,  toL  «▼,, 

Sir  Anthony  D.  Home  givea  &  fall  medical  history  of  li  ntd  on.     ITi*  49 

fa  jgienk  &rr&iigenientfi  enabled  the  aniaottfl  work  of  the  &j:].'editioiL  iu  be  icoompliiAs4 
coupor&tively  immll  loss.  But  the  few  casnaltiea  in  action  conipared  wiUk  tlM  iW  ^^. 
dUease  show  W  oontraRt  haw  mitch  more  deadly  were  the  forces  of  natnre  than  tllOM  «f  Ui 
enemy,  28  offioen  died,  of  whom  only  five  were  kiltetl  or  di«d  of  wonnds :  13  men  wmUDnl 
(white  troops],  whilBt  40  died  of  disease  ;  of  the  West  Indian  tKKipa  f black)  imly  1  WM  llflM. 
whilst  41  dte^d  of  disease.  For  aiialyaui  of  soil  of  Gold  Ckmst  a«e  Aimy  Med.  Reporti,  toL  Mtt^ 
p.  2()4t  and  for  lome  aoootmt  of  the  drinking  water^  see  papen  by  Dt  J.  D,  neoiiay  la  wA. 
xiv.  and  xv. 

t  Jnduding  the  dctacbtnent  at  St  Helena. 
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condition  produced  l>y  tbe  wind  and  dus^  and  then  beeuno  oontttgioma,  is  ond 
of  those  moot  iK}ints  which  cannot  yet  be  answenwl 

The  Cape  has  always  been  noted  for  the  numerons  cages  of  mnscnlar 
riififiinmtism.  Articular  rheumatism  is  nr»t  particularly  commoxL  There  is 
also  much  cardiac  disease.  Tho  provalenc*!  of  this  affection  has  been 
AttTibut4>d  to  the  expomue  and  mpid  marches  in  hill  districts  dnring  the 
KaDir  wara     In  1863  there  wm,  however,  less  rheumatism  than  UBuaL 

Taking  the  years  1859-6C  as  expressing  tolerably  fairly  the  etluct,  p?r  »?» 
of  the  station,  we  find  that  the  whole  colony  gave  18 '3  admissions  and  1-90 
deaths  per  1000  of  strength  from  diseaseB  of  the  circulatory  organs.  In 
1869-71  the  admissions  were  13-1,  and  the  deaths  1'68;  in  1875  they  were 
13-1  and  1^45  respectively. 

Dr  Lawson*  has  lately  contributed  a  valuable  paper  on  this  subject  He 
finds  the  death  rate  from  diseasc^s  of  the  organs  of  circulation  (mean  of  seven 
years,  1859-65)  as  1^91  per  1000  of  strength-  Tliis  is  higher  than  at  any 
other  foreign  station,  as  will  be  seen  from  the  table  copied  by  Dr  Lawson. 

MortalUyfrom  DtstoBm  of  the  Cirtndatory  Organs, 

KjiUo  i«t  tooo 
ol  Strtogth. 

Malta,     .     .  ,  .     %53 

Gibraltar,    .  ,  .     -70 

Bermuda,     .  .  .  1'25 

Nova  Scotia,  .  ,     -84 

Canada,  .     .  .  •lid 
Home,    ....     '93 
12  1 

This   table  shows  an   extreme   diversity,  hardly  to  be  reconciled  with 

^I&rences  of  climate  or  dutiea     In  the  years^  18G9-74  the  death  rate  waa 

Bt8,  and  was  exceeded  by  that  of  the  Mauritius,  2^29,  aufl  that  of  Madras, 

TM.     In   1875  the  rate  at  the  Cape  was  only  1*45,  while  Ceylon  show^ 

3'87,  Bermuda  2 '63,  and  Matlras  2-05  j  Mauritius  rettiming  no  death. 

Scurvy  formerly  prevailed  much  at  the  Cape,  partictdariy  in  the  Kaffir 


AstloperlDOO 

lUrto  per  1000 

of  Strertfcth. 

oi  StnsngtlL 

OpeofGood  Hope,  1*91 

Bombay,     . 

.     .     '80 

:New  Zealand,      .     M8 

Bengal,  .     . 

.     .     -86 

Australia,  ,     .     .     1*72 

South  Clmin, 

.     .   M6 

Jklauritius  .     .     ,       \53 

West  Indies, 

,     .   102 

SL  Helena,     .     .       *31 

Jamaica,    . 

.     .     *85 

Ceylon,      .    .     .     Ml 

Ionia,   .     . 

.     .     *84 

Vadiais     .         .     112 

Venereal  diseases  have  of  late  years  have  been  very  common.  The  average 
admissions  from  "  enthetic  "  diseases  in  1859-66  were  24S'5,  and  in  1S67 
they  were  438*3  per  1000  of  strength  in  the  whole  colony.  In  Cape  Town 
idone,  where  facilities  for  promiscuous  intercounse  are  greater,  they  are  even 
more  Dunieroas.t    Some  diminution  has  taken  place  in  recent  years. 

The  Cape  has  always  been  oonsidcred  a  kind  of  sanitarium  for  India,  Its 
oockinees  and  the  rapid  movement  of  the  air,  the  brightness  and  clearness  of 
Ihe  atmosphere,  and  the  freedom  from  malaria,  probably  cause  its  salubrity. 
It  has  been  supposed  that  it  might  be  well  to  send  troops  to  the  Cape  for  two 
or  throe  years  before  sending  them  on  to  India.  This  plan  ha^,  I  belie ve^ 
never  been  perfectly  tried  ;  but  in  the  case  of  regiments  seut  on  hurriedly  to 
India  on  emeargency  it  has  been  said  that  the  men  did  not  bear  the  Indian 
cHmate  well.  Probably  they  were  placed  under  unfavonrable  conditions,  and 
the  question  is  still  uncertain. 

As  a  conindeficent  place  for  troops  who  have  been  quartered  in  a  mdarioua 
district  it  is  excellent  | 

Dr  Lawsoti  bu  published  a  memoir  oa  thii  tabject  (Amy  MediGaJ  Report,  ?oL  v.  p,  333), 
which  refcneuoe  may  be  madd, 
>  Anny  and  Me<t  Depart.  Report,  toI  riil  p.  548, 
:  Sec  effect  on  the  6^  Regiment  in  tlie  Army  Me<lical  Report  for  ISSft,  '^.  ^. 
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Oazriflon,  about  1500  to  2000  men.     CivU  p 

Mamitiiis  in  the  eaiitern  has  been  oftea  compaxi^ 
weetem  aeaa.  The  geographical  position  be  reapecta^ 
dissimilar;  the  mean  annual  tt3iin>erature  (80**  Fahr.), 
fluctuations  and  undnlationa  are  more  coiusidemblej  b^ 
the  humidity  of  air  is  nearly  the  same,  or  perhaps  a 
(66  to  76  inches)  is  almost  the  same;  and  the  physfcii 
very  dissimilar.  Yet,  with  aU  these  points  of  sinularii 
the  diseases  are  very  different  ^ 

Malaiiotis  fever  was  formerly  not  nearly  so  freqneiil 
yellow  fever  is  quite  unknown  ;  Maoritius,  therefor^ 
epochs  of  gre-at  mortality  which  the  West  Indies  hav€l 
on  the  other  hand,  which  are  so  uncommon  in  the  W{ 
mon  in  the  Manritiius.  For  example,  in  1859  them' 
and  chronic  hepatitis  in  1254  men,  while  in  Jamaics 
of  807  men.  In  1860  there  were  31  admissions  froj 
1886  men  ;  in  iTamaica,  there  was  not  a  single  caa& 
cases  of  acute,  11  of  chronic  hepatitis,  and  72  case3  ol 
of  2049  men  ;  in  Jamaica,  in  the  same  year,  there  i 
hepatitis  out  of  702  men.  TMs  has  always  been  mM 
error  in  diagnosis,  or  to  differences  in  diet  ?  It  can  ( 
any  difference  in  climate.  In  1863  the  difference  vr\ 
still  evident.  In  later  years,  however,  there  has  be« 
tion  :  in  1873  there  wore  only  4  cases  of  he|>atitis,  anc 
that  year  no  detailed  statistics  have  been  published. 

In  1866-67  a  verj^  severe  epidemic  fever  prevailed 
oders  many  points  of  interest.  As  already  noted,  the 
been  considered  to  be  compamtively  free  from  malaria 
I  have  consulted  state  this,  and  it  is  apparent  from  a 
DeputyJn3i>eclor  Dr  Francis  Eeid,  in  a  late  report,^ 
served  ton  years  in  the  Mauri tiu3»  and  had  looked  ^ 
troops  for  twenty-four  years.  He  found  some  recorda 
traced  all  these  to  foreign  sources,  viz.,  troops  comii^ 
Ceylon,  and  presenting  cases  of  relapses. 

For  the  Erst  time,  in  the  latter  months  of  1866  nM 
1867,  maliirious  fevers  of  undoubted  local  growth  a| 
side  of  the  island. 

The  cauacv**  of  this  development  are  traced  by  Br  Ra 
Major  SmaU  and  Assistant-Surgeon  W.  K  T.  Powfl 
Reports,  t  During  the  last  few  years  a  large  amouut 
cletired,  and  there  has  been  much  upturning  of  the  soi 
fall  has  lessened,  and  the  livera  have  become  far  less  i 
time,  there  has  been  a  large  increase  of  population ;  i 
ground  in  the  neighbourhood  of  villages  and  towna,| 
of  the  island  there  hiis  }>een  a  constant  drainage  do% 
(vegetable  and  animal)  into  a  loose  soil  of  slight  deptli| 

*  Letter  to  the  Direotor-Gencral,  Fel).  1867.  J 

t  A II  mi  ail   R«j>f>rt  on  the  Dwtrict  Pri&oa  Hospitali  (in  1881 

MAiAiial  Epidemic  Fover  of  Uie  Maorittiu,  Army  Med.  Depart,  fl^ 
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lock,  which  forms  a  great  deal  of  the  western  seaboard.  In  18G6-67  there 
occurred  an  unusually  hot  season,  and  again  a  deticient  rainfall  This  eeems 
io  have  brought  into  actire  operation  the  conditions  which  had  been  gradually 
Jncreasing  in  intensity  for  some  years.  The  development  of  the  malaria  was 
mA  ao  much  on  the  regular  marshy  ground  as  on  the  loose  contaminated  soil 
mbnmdy  noticed 

lltat  the  fever  which  lu  1866-67  became  so  general  was  of  malarioug  type, 
&i  proved  by  a  large  amount  of  evidence  on  the  spot  from  both  military  and 
«ivil  practitioners,  and  from  the  fact  that  many  soldiers  retunie<l  to  England 
and  had  at  home  relapses  of  decided  paroxysmal  fevers.  Br  Maclean  also  in- 
forms me  that  he  has  seldom  sc-cn  spleens  so  enlai^^  aa  among  the  invalids 
from  this  fever,  who  arrived  at  Netley. 

But  in  some  respects  this  fever  presented  characters  different  from  common 
pftTOxysmai  fevers.  There  was  no  very  great  mortality  among  the  troops,  but 
It  was  excessively  fatal  among  the  inhabitants  of  Port  Louis  and  many  other 
towns  and  vills^ea.  It  also  lasted  for  many  months,  and  was  attended  in 
iDftnj  cases  with  symptoms  not  common  in  common  paroxysmal  fevers^  vii, 
With  yellowneee  of  the  skin  and  with  decidt>d  relapses,  closely  resembling  in 
Iheae  respects  the  common  relapsing  fever.  Mixed  up  witli  it  also  waa  da- 
etdBd  typhoid  fever.  The  question  whether  the  great  bulk  of  the  epidemic 
waa  a  purely  paroxysmal  or  malarious  fever,  with  an  independent  subordinata 
palbreak  of  typhoid  fever,  or  whether  it  was  a  composite  affection  like  the 
ihcvmidarial  fever  "  of  the  American  war,*  or  was  mixed  up  with  the 
^ous  ** Indian  jail  fever"  imported  by  Coolieii,  is  not  a  matter  very  easy 
decida  The  officers  best  (pialilied  to  judge  (Drs  lieid,  8mall,  and 
bwer)  look  upon  it  as  a  purely  malarious  disease^  and  have  expressed  them* 
Ives  very  strongly  on  this  point  f 

This  much  seems  certain,  that  in  various  parts  of  the  island  the  loose^ 
porouSy  shallow  soil  had  been  gradually  becoming  mora  and  more  impure  with 
Vegetable  matters,  and  in  some  cases  with  animal  excreta ;  that  there  had 
been  a  gratlual  diminution  of  the  subsoil  water,  and  that  this  reached  ita 
maximum  in  1866,  when  the  raius  failetl,  and  the  hot  season  was  prolonged. 
There  coincidetl,  then,  an  unusual  impurity  of  soil,  lowered  subsoil  water, 
consequent  increasiMl  access  of  air,  and  heightened  temperature.  Under  these 
conditions,  a  usually  non-m^darious  soil  gave  rise  to  au  epidemic  fever,  which 
waa  characterised  (chiefly  at  any  rate)  by  the  symptoms  referred  to  the 
action  of  marsh  miasmata,  and  was  curable  by  quinine.  The  admissions 
tot  paroxysmal  fevers  nlone  were,  in  1876,  585^5  per  1000,  and  in  1869-75 
(five  years)  722*3  per  1000  as  a  meaa 

In  the  ^lauritius,  as  in  Jamaica,  a  "  continued  fever  "  is  not  uncommon ; 
this  is  now  being  returned  in  part  as  typhoid.  |  It  has  occaston ally  been 
importeiL  There  are  fevers  vagmdy  named  "  bilious  remittent,"  **  Bombay 
fever,**  **  Coolie  fever,"  &c.  The  last  term  denotes  the  communicable  fever  so 
■Himon  in  tlie  jaik  in  the  Bengal  Presidency.  It  prevailed  in  the  jails  in 
^■^fanritiiisin  1863  and  1861, among  the  Hindooa  The  ** Bombay  fever" 
IFprobably  typhoid.     Dysentery  and  diarrhci^a  have  largely  prevailed^  but  are 


,     *  A»  d«s(trilird  br  Woodward,   Comp  DUnaet  of  the  Uait«d  »Ut«s  Armiet,  by  J.  J, 
WoodWMd,  M.D..  Phila-lelphia,  1863,  p.  77. 

f  Tb»  two  UtUT  gCDtleroea  «iy,  op.  eil,  d.  455—"  It  wii  entirely  of  m«]«rioiM  origin,  and 
1^  #fwy  form,  we  mighl  «iy«  perfectly  curmbl^  by  the  adminininitioti  of  quiniiui  in  Urge  doses/* 
Wii^  obfter%«n  entiTely  denjr  th&t  it  oad  any  contagions  prop«rtie«. 

♦  Dr  lleid  h*«  no  doubt  of  the  freijuent  occurrpaoe  of  typhoid  for  many  yeare.  He  meotioiii 
an  taurwrtinn  fact,  via.,  that  patienU  with  true  ent«ric  fever  wt^re  aluo  affecte^i  with  th# 
■nnUrkmt  epSdeiuic  fever  ;  thia  latter  wajt  however,  eaaUy  curable  by  ((uinine,  bill  tUu  V{^\uiu&. 
ilf«r.  whiob  waa  alao  nrMeni,  waa  qolie  naaffectod. 
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BOW  Lccoining  less  frequent,  though  BtUl  in  too   great   amount     h^  t'^ 

respect  Jamaica  now  contrasts  very  favourably  with  the  Mauritiua  ;   . 

1860,  there  was  altogether  213  admissions  per  1000  of  dysentery  a!v^ 

and  6-8  deaths  per  1000 ;  in  Jamaica,  in  the  same  year^  there  wa> 

udmisaion  from  dyse littery,  and  unly  19  f rom  diarrho'a,  among  51h  t 

no  death,     Chokra  has  prevailed  fiv€5  times— first  in    1819;    not  of: 

tilll«o4;   then  a^'ain  in   1856,  1859,  and  1861.     (It  .. 

itii|X)rted  in  all  tht.«e  ciises.)     Formerly  there  was  a  lar^ 

diseases ;  nuw^  as  in  Jamaica,  thm  entry  ig  much  less,  not  ni- 

of  former  days.     The  deaths  from  pbthigis  fier  1000  of  t 

1860,  -521;   m  1861,  1*03;  in   1862,  1-04  (but  in   this  }ear   i 

invalided  for  phthisis);  and  in   1863,2;    in  1875  no  death  v 

Venereal  (en  thy  tic)  diaeasea  fonnerJy  gavo  alK>ut  110  to   1:^ 

1000  of  sti-eiigth,  hut  they  are  now  greatly  diminiJihed,     OpL..^,..*.^.  ^ .. — 

moderately  ;  to  nothing  like  the  same  extent  as  at  the  Cajie. 

In  the  earlier  i^riods,  owing  to  the  absence  of  yellow  fever,  the 
of  the  Mauritius  contrasted  favouriibly  with  that  of  Jainaic«^  but 
greater.     In  1876  the  death-rate  of  the  Mauritius  waa  6*61, 
We^t  IndieB  generally  only  3*68* 

Per  1000  of  8tmi<fth. 
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Garrison,  800  t*>  1000  white  troops;   and  about  100  gtrndascais 
Population,  2,400,000  (in  1871),  iucludnig  al>out  5000  Kurowjina; 
stations  for  the  white  trooikfl  are  cliielly  Galle,  Colombo,  KjickIv,  , 

eomaleo,  with  a  convalescent  station  at  Newera  Ell  in  (C200  fcei  al 

luvel).     The  lilack  troops  are  more  scattered,  at  BailuLla,  Pultan,  Jiffm^l 

Oeologi/.—A  considerable  part  of  the  island  is  composed  of  graiiit 
and  hornblende  gt-anite  rocks;  these  have  liecome  greatly  wealb 
decomposed,  and  foon  masses  of  a  conglomerate  called   •*  cabook,"  ' 
clayey  like  the  laterite  of  India,  and  is  used  for  building.     The  »oii  u  t 
from  the  debris  of  the  granite ;  is  said  to  absorb  and  retain  watc&r  \ 
oome  parts,  as  at  Ktmdy,  there  is  crystalline  Umestona 

Climate.-— Ihis  differ?,  of  course,  exceedingly  at  dilferont  el^y 
Colombo,  seaJevt-1,  the  climfito  is  warm,  eqtiahle,  and  limit^HL  Mcao  ( 
temperature  about  81%  Jfean  temperature — April,  S2'*70  ;  JanttaiTi  78**tf^ 
amplitude  of  the  yearly  ftuetuation  =  i^-51.  April  and  May  are  Iho  kflMj 
mnntlis  ;  January  and  December  tbe  coldest.  Amount  of  ntn  at 
inches  ;  the  greatest  amount  falls  in  May  ^rith  tbe  SAY,  nmnsoon  (a 

*  lot  Ik  Ml  BJOQomit,  a«e  Sir  K.  Tomaiit'B  Oy!oa. 
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to  14  incliGs)  :  anil  again  in  October  and  November  witb  the  N,E.  monsoon 
(ttbuut  10  U:>  12  incites)  in  each  muntb.  liahi,  however^  falk  in  every  month, 
Una  smal]i5st  amount  being  in  February  and  Marck  Tbo  heaviest  yearly  fall 
•Tisr  noted  was  120  inches.  The  relative  humidity  is  about  80  per  cent  of 
aatiinition.  The  S.W.  moneoon  lilowa  from  May  to  September,  and  the  KE. 
mr »nwx)n  during  the  remainder  of  the  year,  being  unsteady  and  rather  diverted 
from  iU  course  (long'Sboi>3  wind)  in  February  and  March.  The  mean  bori- 
SDQt  al  movement  during  the  year  1872  was  125  nulea  ;  in  I870it  was  139 
jnilef^  or  ratlier  under  6  miles  an  hour. 

At  Kandy  (72  miles  from  Columbo,  1676  feet  above  sea-level),  the  mean 
temperature  is  less,  3*  to  5'' ;  the  air  is  still  absolutely  humiii,  though  relatively 
rather  dry.  At  9*30  a.m.  the  mean  annual  dew-point  is  70*'4,  and  at  3*30 
F-M.  it  is  71*'54.  This  corresponds  to  8  11  and  8*42  grains  in  a  cubic  foot 
of  sir  ;  as  the  mean  temperature  at  these  times  is  76 '37  and  79*27,  the  mean 
Annual  relative  humidity  of  the  air  at  9 '30  a,m.  and  3*30  p.m.  ia  71  and  63 
per  cent  of  saturation.  The  heat  is  oppressive,  as  Kandy  lies  in  a  boUow,  as 
n  the  bottom  of  a  cup. 

At  ^ewera  EUia  (48  miles  from  Kandy,  6210  feet  high)  is  a  large  table- 

bxid,  where,  since  1828,  some  Europeans  have  been  stationed  ;  the  cJiraate  is 

Eurc«pean,  and  at  times  %vintry  i  the  thermometer  has  been  as  low  aa  29*,  and 

•white   frusta  may  occur  in  the  early  morning  in  the  coldest  monfch.s.     The 

annual  temperature  h  about  59^* 

Iji  the  dry  season  (January  to  May)  the  thermometer's  daily  range  is  exces- 

;  the  thermometer  may  stand  at  29°  at  daybreak,  and  at  8  A.M.  reach  62' ; 

it  mid-day  it  wiU  mark  70*  to  74*,  and  then  fall  to  50*  at  dark.     In  one  day 

the  range  has  been  from  27*  to  74"  ~  47'.     The  air  is  very  dry,  the  diflerence 

"between  the  dry  and  wet  bulbs  being  sometimes  15*.     Assuming  the  dry 

iKilb  to  mark  70",  this  will  give  a  relative  humidity  of  only  38  pf^r  cent  of 

•i^uration  ;   the  barometer  stands  at  about  24 '25   inches.     Although   the 

dlamal  range  of  temperature  is  thus  so  great,  it  is  equable  from  day  to  day, 

Sach  a  climate,  with  its  bright  sun  and  mrefied  air,  an  almost  constant 

i^  brdease,  and  an  immense  evaporating  force^  seems  to  give  us,  at  this  iieriod,  the 

very  beau  i<ieal  of  a  mountain  chmata 

In  the  wet  season  (May  or  Juno  to  November)  all  these  conditions  are  re- 
V^eraed.  The  mean  tbenuomoter  of  24  hours  is  about  59**,  and  the  range  is 
oqIj  from  56"  at  daybreak  to  62*"  at  midday  ;  during  the  height  of  the  mon- 
«DL>nt  there  are  about  30  inches  of  rainfall,  and  sometimes  as  muL-b  as  70 ;  the 
mr  is  often  almost  saturated.  The  mean  of  three  years  (1 870-72)  gives  no  leea 
ihan  94^  inches. 

Two  more  striking  climatic  differences  than  between  January  and  June  can 
lixidly  be  conceived,  yet  it  is  said  Newera  Ellia  is  equally  healtUy  in  the  wet 
as  in  the  dry  season  ;  the  himian  frame  seems  to  accommodate  itself  to  these 
great  ncissitudcs  without  ditbcidty.  The  most  unhealthy  times  are  at  the 
changes  of  the  monsoons. 

Although  there  is  some  moist  and  even  marshy  ground  near  the  station, 
Igiie  ia  not  common,  though  it  is  seen  ;  the  temperature  is  too  low  in  the  dry 
mttUKm^  and  the  fall  of  rain  too  great  in  the  wet^  Typhoid  fever  is  seen^  and 
mJiy  be  combinetl  witb  perimlic  fever  (Massy,  in  "  Army  Med.  Heix»rts,"voL 
riii  p.  499).  It  is  said  that  dyspepsia,  hepatic  affections,  and  nervous  affec- 
taoHJB  are  ranch  benefited ;  phthisis  ia  so  to  some  extent,  but,  it  would  appear, 
Msaroely  bo  much  ns  European  experience  would  have  led  us  to  expect ;  rhen- 

^  I  tiAwm  Uken  many  of  theM  ^tn  from  ad  exoelleot  Report  hj  AMliUs\t-%ixT^^\i  '^.  K. 
AUss.  yfhksh  I  had  Ui«  advanUge  of  reading,  aa  wvsll  aa  ft€m  Btr  £.  TcimaAt%\»oo\L 


The  nefghbcmrmg  Horton  HiEs  are  said  to  be 
EUia  itoell  Probably  in  the  whole  of  Hindustan, 
does  not  exist  It  is  inferior,  if  it  be  inferior,  onlj 
one  or  two  of  the  best  Himalayan  atationa. 

8tekne9i  and  MorialUtf  *  of  EvropetntM  par  ] 
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Among  the  black  troope,  now  reduced  to  about  \ 
(1860-69)  the  admiaaiona  averaged  1011,  and  the  d 
strength.  In  1870  the  total  mortality  was  9 '44  per 
of  admissiouB  were  paroxyf^mtil  fevers,  and  of  deathi 
paroxysmal  fevera  "  Continued  fever  "  abo  figures 
was  less  common  in  the  later  years.  The  aretagie 
was  about  32,  and  the  duration  of  the  cases  10  oi; 

In  Cl'vIou,  therefori),  llie  black  troti^is  were 
tmstiug  in  this  remarkably  with  the  West  India 

In  conclufiitm,  it  may  be  said  that  much  sanit 
ibne  in  Ceylon  before  the  state  of  the  white  tr 
factory. 
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K  in  the  Madras  Prasidency,  which  also  gamBons  some  parte  of  the  coast 
^Rnah^  and  sends  dotachmenta  of  native  troops  to  the  Straits  of  Malacca 
B  10,500  are  serving  in  the  Bombay  Presidency.*     The  troops  consist 

^be  men  are  serving  in  a  country  which  includea  nearly  28'  of  lai  and 

Hi  long.,  and  in  which  the  BntiBh  possessions  amount  to  1,465,322 

B  miles.     Stretching  from  within  8"  of  the  equator  to;  13^  heyond  the 

Hthe  tropics,  and  cmhracing  countries  of  every  elevation,  the  climato  of 

^baa  presents  almost  every  variety  ;   and  the  troops  serving  in  it,  and 

^m  from  place  to  place,  are  in  turn  exposed  to  remarkable  il inferences  of 

Hftture,  degrees  of  atmospheric  humidity,  pressiiro  of  air,  and  kind  and 

Bf  wind,  &c, 

Hfcer&d  hy  great  rivers  which  liave  brought  down  from  the  high  lands 

BeposiU  in  the  course  of  ages,  a  considerahle  portion  of  the  surface  of 

Bpeiisive  plains  is  formed  by  alluvial  deposit,  which,  under  the  heat  of 

Ho,  renders  vast  districts  more  or  loss  malarious ;  and  there  are  certain 

Blf  the  country  where  the  development  of  malaria  is  probably  as  intense 

^pny  part  of  the  world.     A  population,  in  some  places  thickly  clustered, 

^fc|  grt^ntly  scattered,  formed  of  many  rtiv.es  and  speaking  many  tongues, 

^Hypemarkabiy  diverse  customs,  inhabits  the  country,  and  indirectly 

^^H|r  greatly  the  health  of  the  Europeans. 

Hmied  over  this  country,  the  eoldiera  are  also  subjected  to  the  special 

Hiees  of  their  barrack  life,  and  to  the  peculiar  habits  which  tropical 

H^  prod  lie  ca 

Hcan  divide  the  causes  which  act  on  the  European  force  into  four 

Btions — 

^pie  country  and  climate. 

Hthe  diseases  of  the  nativea 

Bfee  special  hygienic  conditions  under  which  the  soldier  is  placed. 

■he  service,  and  the  indi\'idiial  habits  of  the  soldier. 

^K  Sub-Sbotiok  I — The  Countbt  and  Cumath. 

H  geological  structure  and  the  meteorological  conditions  are,  of  course, 
Hiely  various,  and  it  is  impossible  to  do  more  than  glance  at  a  few  of  the 
KH>int& 

^^lit^ — ^There  is  almost  every  variety  of  geological  structure.  In  the 
^Bfisti  the  vaat  chain  of  the  Himalayas  is  composed  of  high  peaks  of 
B|md  gneiss  •  while  lower  down  is  gneiss  and  slate,  and  then  sandstone 
Kluvial  detritus.  Stretching  from  Cape  Comorin  almost  to  Guzemt, 
Vthe  great  Western  Ghauts,  formed  chiefly  of  gmnite,  with   volcanic 

■  around ;  and  then  stretching  from  these,  come  the  Vindhya  and 
Bpra  Mountains,  which  are  chiefly  volcanic,  and  inclose  the  two  great 
Wk  of  th«  Taptee  and  Nerbudda  rivers.  Joining  on  to  the  Vindhya,  come 
■nwaOi  llilb,  stretclxing  towartls  Delhi,  and  having  at  their  highest  point 
Bt  Ah  K  I,  which  m  probably  destined  to  become  the  great  health  resort  of 
Bart  of  India. 

■  the  efif?t  side,  the  lower  chain  of  the  Eastern  Ghauts  slopes  into  the 
Bbnd  of  the  Decern ;  and  at  the  junction  of  the  Eastern  aud  Western 
Ets  come  the  Neilgherry  Hills,  from  8000  to  9000  feet  above  seadevcl, 

For  hrv^vity,  it  ii  ctiatoraary  to  npf^ak  of  sen'ing  in  Bengal,  Boujbaj,  or  Madrrw,   wlien 
king  ot  the  Presidency^  no  tlkt  these  n&rnes  are  soraetimea  ap|ili(.'d  to  the  citi&*,  sionjutiraeA 
te  pfusidcDciea  ;  bat  a  Tittle  care  will  always  dittingtiiflh  which  lis  meant. 
"  m  C-arter's  BiimimaTy  of    tlia  ^  Urology  of  tnillai  m  thts  Journal  ot  th^s  ^ToVwk.'^  k%\3a^.vi 
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and  formed  of  granite,  syenite,  hornblende,  and  gneiss, 
tbe  Indian  mountains  would  be  irapossiblo. 

Speaking  in  very  general  terms,  the  soil  of  many  of  tUe  pl«i 
classed  under  four  great  beadings. 

(a)  Alluvial  soil,  brought  down  by  the  great  rivera  GfiQg^  lute 
Brahmapootra,  rivers  of  Nerbudda,  Gujterat,  &c.  It  is  supposed  that  tbttt 
one-third  of  all  Hindustan  is  composed  of  this  alluvium,  which  is  durfy 
silic4ioua,  with  some  alumina  and  iron.  At  points  it  ia  very  stiff  wi;h  ckf— 
as  in  somo  parts  of  tbe  Punjab,  in  Scinde,  and  in  some  portioo  of  town 
Bengal  Underneath  tbe  alluviid  soil  iit?a,  in  many  places,  the  oKiiid 
clayey  laterite.     Many  of  tbe  stations  in  liengal  are  placfil  on  allufial  mA. 

This  alluvial  soil,  especially  when,  not  far  from  the  surface,  clayey  Iitarili 
is  iouad,  is  often  malarious  ;  sometimes  it  is  moist  only  a  foot  or  two  hm 
tbe  surface  ;  and,  if  not  covered  by  vegetation,  is  extremely  hot 

As  a  rule,  troops  should  not  be  located  on  it     Whatever  V>e  done  \o  tk 
spot  itself— find  much  good  may  be  done  by  efbcient  draining — ^the  bfluei 
of  the  surrounding  country  cannot  b«  obviated.     Eun^peans  can  nevrt- 
entirely  free  from  the  influences  of  malaria.     There  is  but  one  perfect  tvm^ 
to  lessen  tbe   force  in  the  plains  to  the  smallest  number  coniststtynt 
miHtary  conditions,  and  to  place  the  rest  of  tbe  men  on  the  higher  bud* 

Somewhat  diirerent  from  the  alluvial  is  the  soil  of  certain  districts*  gochm 
the  vast  Runn  of  Cutch,  which  have  been  tbe  beds  of  inland  seasi  and  not 
form  immense  level  marshy  tracks,  which  are  extremely  malarious  1^ 
Runn  of  Cutcb  contains  7000  square  miles  of  such  country. 

(b)  Tbe  80-cftUed  **regur,"  or  "  cotton  soil,"  formed  by  dlsiatogratedlail^ 
and   tifip,  stretches   down   from  Bundelcund   lutarly    to   the   soatk 
peninsula,  and  spreads  over  the  table-land  of  ^fysore,  and  is  oommi 
Deccan.     It  is  often,  Init  not   always,  dark   in   colour.     It  eontaint 
vegetable  organic  matter  {1*5  to  2*5  per  cent),  and  is  chiefly  made  ti]i 
(70  to  80  per  cent),  carbonate  of  lime  (10  to  20  per  cent.)^  and 
alumina.     It  ia  very  absorbent  of  water,  and  is  generally  thought 
It  is  not  so  malarious  as  the  allu^uu^l,  but  attacks  of  cbolara  faave 
supposed  to  be  particidarly  frequent  over  this  soil 

(r)  Hed  soil  from  disintegration  of  gi-anite.     This  la  sometimes  la(tinr« 
other  times  clayey,  especially  where  felspar  is  abundant     The  day  is 
very  stifll 

(d)  Calcareous  and  other  soils  scatt<»red  over  tbe  surface,  or  lying 
the  alluvium  or  cotton  soil.     There  are,  in  many  parts  of  Imlia,  Lu^  iiuai 
of  calcareous;  (carbonate  of  lime)  conglomerate,  which  is  called  kunkoL    B 
is  much  used  in  Bengal  for  fooiptiths  aud  pavements. 

In  Eebar,  and  some  other  places,  the  soil  contains  large  quaniitks  of  Bto^ 
and  many  of  the  sand  pkins  are  lai^^ely  impregnated  with  salts; 

2.  Tampered  lire. — ^Thore  is  an  immense  variety  of  temperature^  T&^nA 
tbe  south,  and  on  the  sea-coast,  tbe  climate  is  often  equable  aiid  tnu^ctm 
Tbe  amplitudes  of  the  annual  and  dlumtil  lluctuations  arc  small,  ami  ta  iow 
places,  especially  those  whieh  lie  somewhat  out  of  the  force  of  tbe  soath-v^ 
monsoon,  the  climate  is  perhaps  tbe  most  equable  in  the  world. 

At  some  sttitions  on  the  southern  coast,  the  tempenitiire  of  tho  mxCtvsA 
is  lowBr  than  at  tbe  declination,  in  couset|uence  of  the  occurreace  of  ctarfi 
and  min,  brought  up  by  the  south-west  monsoon. 

In  the  interior,  on  tbe  plateaux  of  low  elevation,  the  temperature  ia 
and  the  yearly  and  diurnal  fluctuations  are  more  marked.     On  the  liiU 
(6000  to  8000  feet  above  sea-level),  the  mean  temjjerature  is  much  hm  \  ^ 
fluctuations  are  sometimes  great*,  sometimes  inconsiderable. 
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tie  infliiencu  of  winds  is  very  p;reat  on  the  temperature ;  the  soa-windf 
lowprin;jf  it,  hot  land  winds  raising  it  greatly. 
i^The  temperature  in  the  sun's  rays  miiges  as  high  as  166"  or  170",  but  the 
in  sun  rays'  temperature   is,  with  great  differences  in  different   places, 
reen  130"  and  160^  at  the  hottest  time  of  the  year. 
Tie  air  ttMupemture  of  a  few  of  the  principal  stations  is  suhjoined,  merely 
"  give  an  iikm  of  the  amount  of  heat  in   ditferent  parts  of  the  country.* 
\  of  the  hill  stations  arc  given  under  the  proper  headings. 

Mean  Temperature  and  Height,  ahom  Bm-hifd,  of  eanm  of  the  larger 
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'  The  increase  and  the  amphtudc  of  tlie  yearly  fluctuation  is  thus  seen  as  we 
pnas  to  the  north,  and  ascend  al>ove  sea-level 

In  several  places  there  are  great  undulations  of  temperature  from  hot  land 

.  winds,  or  from  sea  or  shore  breezes,  or  from  mountain  currents,  which  give 

'  to  the  place  local  pecnliarities  of  temperature. 

I      To  get  the  same  mean  annual  temperature  as  in  England,  it  would  lie 

I  necessary  that  9500  feet  he  ascended  in  places  south  of  lat^  20* ;  hctwc*en  lat 
20*  and  26',  9000  feet ;  between  kt  26*  and  30*,  8700  feet ;  and  north  of 
lat  30',  8500. 

The  mean  monthly  temperatures  would,  however,  at  such  elevations,  differ 
aomewhat  from  those  of  Enghiiid.  Speaking  generally^  an  elevation  of  5000 
to  6000  feet  wUl  give  over  the  whole  t>f  India  a  mean  annual  temperature 
about  10"  higher  than  that  of  England,  and  ^vith  a  rather  smaller  range. 

MrGlaisherhasc-alculated  that  in  the  cold  months  the  decrease  of  tempera- 
ture is  l"*-05  for  each  300  feet  of  ascent,  but  increases  from  March  to  August 


•  These  are  titken  from  Mr  GUisber'K  \  try  excellent  report  in  the  Iq<1Jjui  SaniUry  Commi»- 
Mon,  which  must  be  con«ulte«l  for  fuller  »lf  tAil*.  Very  full  meteorological  returns  are  now 
hem$  given  in  the  Report^i  of  ^he  Saniiar}-  Commiuioaen  for  the  three  presidencies,  imil  in  a 
few  ji«n  th<:A«  wQl  aupersede  Mr  Glabher's  tables. 
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to  4**5,  and  then  gradually  declinea.     Thieae  moll^ 

tlie  receot  balloon  ascenta  in  this  climate. 

Humidit If. —The  humidity  of  ditferent  parts  of 
there  are  climated  of  extreme  humidity — either  flal 
8cinde,  wh^re,  without  rain,  the  hot  air  is  frequenl 
may  contain  10  or  11  grains  of  vapour  Ui  a  cubic  I 
like  Dodabetta^  in  Madras,  8640  feet  above  sea-level 
aeftBOii,  the  air  is  also  almost  saturated ;  a  copious  raj 
year,  may  make  the  air  excessively  moist,  as  on  th^ 
of  Tenasserim,  or  on  the  IChasyah  Hills,  where  the  i 
with  its  vapours  in  enormous  quantitiea  i 

On  the  other  hand,  on  tho  elevated  table-land  of; 
hot  plains  of  Xorth-West  India,  during  the  dry  sei 
posed  to  the  land  winds  at  any  part,  the  air  is  i 
Deccan  the  annual  average  of  the  relative  humiditj 
saturation  (8ykes),  !Mr  Glaisher  haa  given  j " 
extract  a  few  stations  :— 
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The  mean  relative  humidity   at  Greenwich   is 
December  and  January  to  76  in  July*     Calcutta,  thai 
humidity  of  68  per  cent  of  saturation,  ia,  as  f ar  ai 
evaporating  power)  goes,  less  moist  than  England,  ai 
is  abo  increased  by  the  higher  tempemturc. 

Uain, — ^The  amount  of  rain  and  the  period  of  faj 
different  places.     It  is  chiefly  regulated  by  the  monj 

\A^LBn  the  south-west  monsoon,  loaded  with  vapj 
land,  as  on  the  Western  Cihauts,  on  the  Malabar  0 
of  Tenasserim,  and  especially  ou  the  mountains  of  t| 
points  of  which  it  meets  vith  a  still  colder  air,  a  dd 
example,  at  Cannanore  (Malabar),  121  inches  ;  Ml 
Moulinein  (Tt^nasseriin),  180  indias  ;  ChejTapooo| 
inches.  On  the  other  hand,  even  in  places  near  ij 
land,  and  the  temporatunj  i^  high,  scarcely  any  rain 
south  coast  of  ilrabia,  or  at  Kota,  in  Scinde^  where 
annually,  or  Kuirachee,  where  the  yearly  average  i| 
inland  dii^tricts,  the  south-west  monsoon,  having  lol 
J  massed  over  the  hills,  may  be  comparatively  diy,  as  i| 
15  8  inches  fall  per  annum,  or  Pesha wur^  wheH 
annually.  i 

Th©  yearly  amonni  of  rain  in  some  of  the  principi 
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Wind^, — The  general  winds  of  India  ore  the  north-east  monsoon^  which  is, 
in  fact,  the  great  north-east  tratie  wind,  and  the  eouth-we^t  mnnsoon,  a  wind 
caitLBcd  by  the  aspiration  of  the  hot  csarth  of  the  continent  of  Asia,  when  the 
Bun  is  at  its  northern  declination.  During  part  of  the  year  (May  to  Anguat) 
the  south -west  monaoon  forces  back  the  trade-wind  or  throws  it  up,  for  at 
great  altitudes  the  north-east  monsoon  blows  throogh  the  whole  year,  and 
the  »Duth  west  monsoon  is  helow  it  But,  in  addition,  there  are  an  immense 
number  of  local  winds,  which  are  caused  by  the  effect  of  hills  on  the 
xnonsoona^  or  are  cold  currents  from  hills,  or  sea  breezes,  or  shore  winds 
caused  hy  the  contact  of  sea  breezes  and  other  winds,  or  by  the  first  feeble 
action  of  the  south- we^t  monsoon  before  it  has  completelv  driven  back  the 
Dortb-east  trade*  Tlie  south-west  monsoon  is  in  most  of  its  course  loaded 
with  vapour  j  the  ntirth-east  ih,  on  the  contrary,  a  colder  and  drier  wind, 
except  when  at  certain  times  ol  the  year,  in  passing  over  the  Indian  Ocean,  it 
takes  up  some  wat^^r,  and  reaches  the  Coromandel  Cooat  and  Ceylon  as  a 
mobt  and  rain^arrying  wind. 

The  hot  land  winds  are  caused  by  both  the  south-west  monsoon,  after  it 
has  parted  %nth  its  moisture  and  got  warmed  by  the  hot  central  plains,  and 
the  north-east  monsoon ;  the  temperature  is  very  greats  and  the  relative 
humidity  very  small,  the  difTereuce  between  the  dry  and  the  wet  bulb  being 
aomf^times  15'  to  25'  Fahr. 

Breiftirure  of  the  Air. — On  this  point  little  need  he  said.  The  barometer  is 
very  steady  at  most  sea-coast  stations,  with  regular  diurnal  oscillatiL^ns,  chietly 
called  by  alteration  in  humidity.  An  elevation  of  5000  feet  lowers  the 
barometer  to  nearly  25  inches. 

2^r/nV/7y, — On  this  point  few,  if  any,  experiments  have  been  made  ;  the 
air  is  extn?mely  charged  with  electricity*  eapecially  in  the  dry  season,  and  the 
dtist  afcorms  are  attended  with  marked  disturbance  of  the  electrometer.* 

Effreis  of  Climate. — The  estimation  of  the  elfcct^  of  such  various  climates 
i^  a  task  of  great  difficulty.  Long-eontiniied  hi-^'h  temperature,  alternations 
of  great  atmospheric  dryness  and  moisture,  rapidly  moving  and  perhaps  dry 
and  hot  air,  are  common  conditions  at  many  stations  ;  at  others,  great  heat 
during  p;irt  of  the  year  is  followed  by  weather  so  cold  that  even  in  England 
it  Would  be  thought  keen.  When  to  those  influences  the  development  of 
nuUaria  is  added,  enough  hae  been  said  to  show  that,  a  priori,  we  can  feel 
certain  that  the  natives  of  tempertite  climates  will  not  support  such  a  climatic 
without  inHuonce  on  health,  and  the  selection  of  healthy  spots  fot  \xc*c>i^*S&  %b 
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Tiiatt^T  of  the  grefttest  moment  aa  affects  boih  beiltlx  sal  ooobfl 
much  being  Raul,  it  must  at  the  same  time  be  aaBertcd  t1mt|  nukm 
tUt^  iiiBueiices  of  climate  <u'e  not  the  chief  cauaea  of  sickneM. 

The  location  of  troops  shoitld  he  go\nenii?d  by  two  or  thr»*  casw 
^iriitary  necessitiea  ;  2.  Convenience  ;  3.  Conditions  of  bealtk    Tbe 
i»f  these  conditions  is,  however,  a  mere   question  of  adminktnftiiA; 
I»lEii!e  can  be  made  convenient  in  these  days  of  milway  and  easy' 
^f  ilitary  neoeBsdty  and  health  are  the  only  real  considerations  irkkfc 
^'uitlo  our  choice.     The  vital  niilitnrj'  points  must  be  held  with  ibt 
forces,  and  then  the  whole  of  the  remnining  troops  oimbe  lociled  oa  tfal 
healthy  spots. 

These  spots  cannot  be  in  the  plains.  Let  any  one  look  at  agido^^ 
of  India,  and  see  the  vast  tract  of  alluWal  soil  whieh  stretchfisfniiatll' 
soil  of  Calcutta,  formeil  by  the  dtij>usit  of  a  tidid  estuary,  up  pwl  Oivipi 
Delhi,  to  the  vast  plains  of  the  Punjab,  8cinde,  and  Belocchiitta.  Bi 
whole  of  that  space  is  more  or  loss  malarious,  and  will  continue  to  l«  jk>  wl 
in  the  course  of  centuries,  it  is  brought  into  complete  tillage^  dntotiol 
cultivated.  Moreover,  heat  alone  without  malarhi  tells  upjn  the  EcnfM 
frame,  lessens  the  amount  of  respiration  and  circulation,  and  lowiw  ' 
power  (see  Climate,  page  435). 

In  looking  for  healthy  spots,  whes^  temperature  is  le^  tiopiaL  aJ 
miilarious  exhalations  less  abundant,  there  an?  only  two  dassea  ol  IiDCiib* 
whi<-'h  can  Ui  chosen — Beoaide  places  and  bighlanda. 

Seadde  Phtcrji, — Tlie  advantages  of  a  locjility  of  this  kind  are,  tlie  wtm^ 
Hon  in  temperature  caused  by  the  expanse  of  water,  the  absence  of 
dryness  of  the  air,  ami  tbe  frequent  occurrence  of  breezes  from  the  t/OL  AB 
the^e  ad va utiles  may  be  counteracted  by  tbe  other  f eatnrea  of  the  pUa ;  ^ 
a  ilamp  alluvitd  soil,  had  water,  &c. 

It  does  not  appexir  that  many  eligible  places  have  yet  been  fauiuL  ml* 
a  substitute  in  iJeugal,  the  Euroi)e!ms  from  Calcutta  sometimes  hre  lA  MJ 
a  steamer  anchored  off  the  sandheatls,  thus  literally  carrying  out  a  mggeilitf 
of  Lind  in  tlie  West  Indies  a  century  ago. 

In  the  Bay  of  Bengal,  AValtair,  in  the  northern    '  of  Maibii^t*^ 

of  the  best.*     Cape  Caliniere  (28  miles  south  of  2.  m)  alaaapDMSIf 

have  miiny  advantafj[e'3  (Mnrpher^on).  On  the  oppu^it^^  coasts  Cape  An^ 
on  the  iiurmese  coasts,  wiw  pointed  out  as  long  ago  as  1825,  by  Sff  JtiM 
JlrirttUp  m  a  good  marine  sanitarium,  and  Amherst  in  Tenassenm,  andaiii 
of  the  islands  down  the  coast  towards  Mergui,  iuu  beautifiil  spoits  fcrn&l 
purpose,  being,  however,  unfortunattdy,  at  a  great  distance  fium  tha  ta^ 
military  stations,  and  not  being  well  suppUed  with  food. 

On  the  Bombay  side,  at  Bedashagur  or  Beitkul  Bay,  betwuio  Mf*q|r^ 
and  Goa,  a  spm-  of  the  Western  Ghauts  projects  into  the  sea  for  npwvbd 
a  mile,  and  forms  an  admimble  sea-coast  sanitaritun  fMacpherscm). 

All  these  i^ea-coast  stations  seem  adapted  for  oi^anic  visoenJ  aiSBCtiooi^ 
dysentery,  hut  they  are  not  so  well  calculated  for  poraumezit  iloliooi  1» 
healthy  men.     rrnbal>ly  they  are  rather  sanitaria  than  atationa. 

I/ifjhlftUfh.^Tlw  loL-ation  of  trooj»s  on  the  hills  or  on  elevated  lakWaiA 
has  long  been  coiisideani  by  the  best  army  medictd  officers  m  tfe  W^ 
important  sanitary  measure  which  can  be  adopted,  Not  only  deet  •bA* 
location  improve  greuHy  the  vigour  of  the  men,  who  on  the  tiill  MitBi 
preserve  the  healthy,  ruddy  hue  of  the  Eurc*pean,  but  it  preTtola  laPff 
dif^ eases.     If  properly  selected,  the  vast  class  of  malarious  diamamdmfffi^'^ 
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fe  diseases  are  less  common,  and  bowel  complaints,  in  some  stotitms  at 
k  rate,  are  neither  so  frequent  nor  so  violent.  Digestion  and  blood  nutri- 
pi  are  ^Teatly  improved.  Moreover,  a  proi>er  degree  of  exercise  can  be 
Kpii,  and  the  best  personal  hygienic  mles  easily  cdisi-rvwb 
nndiau  surgeons  appear,  however,  to  think  the  hill  stations  not  adapted  for 
Idiftc  and  respiratory  complaints;  it  is  poesiblo  that  this  objection  is 
boietictd.  The  latest  Eiiroj>ean  experience  is  to  tlie  efTt  ct  thut  plithisis  is 
[gttkrly  bonotitei  by  even  moderate,  still  more  perhaps  by  ^mt  elevation ; 
^■ttuemia  and  f unity  bloml  nutrition  arc  cured  by  high  positions  witli  great 
I^Pky,  and  that  if  the  elevation  be  not  too  great  (perhaps  not  over  3000 
jft)  even  chronic  heart  diseasea  are  improved.  In  some  of  the  hill  stations 
[India  bowel  otimpkLntg  were  formerly  so  frequent  as  to  give  rise  to  the 
■m  "  hill  dianhtea,"  The  elevation  was  credited  with  an  effect  whir^h  it 
prer  praduced^  for,  not  to  speak  of  other  parte  of  the  world,  there  are  stations 
llndia  itself  (Darjreliag,  for  exfimple)  as  high  as  any  other,  where  the  eo- 
Bled  hiU  diarrhoia  was  unknown.  At  Nev.em  Ellia,  in  Ceylon^  too,  if  the 
pple  condition  of  mountain  elevation  could  have  i*rotluced  diarrhaa,  it 
puld  liave  been  prt^ent^  The  cause  of  the  hill  diarrhica  was  certainly,  in 
buy  stations,  unwholesome  drinking-water  {see  ]>age  40) ;  whether  this  was 
■^tte  in  all,  I  am  not  sure.  Borne  of  the  hill  stations  are  said  not  to  lie 
^^|d  for  rheumatic  cases;  in  other  instauces  {as  at  Subathoo)  rbeumatitim 
unticb  benehted.     I  infer,  from  reading  the  iv|)0Tt8  from  these  stations, 

tbat  damp  barracks,  and  not  the  station,  have  been  in  some  cases  the  cause 
I  the  rheumatism. 
Jut  it  must  be  noticed  that  the  evidence  given  before  the  Indian  Sanitary 
lissioii  shows,  on  all  or  almost  0II  hill  stations,  a  mobt  lamentable  want 
'.  commonest  sanitary  appliances.     At  great  expense  men  are  sent  up  to 
I  lulls,  where  everything  is,  or  was,  left  undone  which  could  make  tliat 
Qse  profitable.     It  appeared  to  be  thought  sufficient  to  iiscend  6000  feet 
i  abandon  jdl  the  most  obvious  sanitary  rules,  without  which  no  place  can 
I  healthy. 
I  Admitting,  as  a  point  now  amply  proved,  that  stations  of  elevation  are  the 

_   Ejper  li^calities   for  all  tr<x>ps  not  detained  in  the   plains  by    imperative 

Sitary  reasons,  the  foMo'wing  questions  are  still  not  completely  answered  : — 
[•  What  amount  of  elevation  is  the  best]  We  have  seen  that  to  reduce 
I  temperature  to  the  English  mean,  5000  to  6000  feet  must  on  an  average 
ascended.  Eut  then  such  an  elevation  brings  with  it  certain  inconveni- 
(ea,  viz.,  in  some  stations  much  rain  and  even  fog  at  certain  times  ul  the 
year,  and  cold  winds.  However  unpleasant  this  may  be,  it  yet  seems  ck'ar> 
from  the  experience  of  Newera  EUia,  in  Ceylon,  that  damp  and  cold  are  nut 
hurtful  Eut  it  must  also  he  said  that,  with  a  proper  selection,  dry  localities 
can  be  found  at  this  elevation. 

From  3000  to  4000  fet?t  have  been  recommended,  especially  to  avoid  the 
conditions  just  mentioned,  \\1ietber  places  of  this  height  are  equal  in 
flalubrity  to  the  colder  and  higher  points  is  uncertain. 

Even  at  6000  feet  there  mfiy  be  marsh  bnil,  though  it  is  not  ver}'  ma!arioti«. 
Malarious  fever  has  been  known  during  the  mins  at  Kussuwlie  (GlOO  feet), 
and  Subathoo  {4000),  and  other  Himalayan  stations.  Malaria  may,  however, 
drift  up  vallays  to  a  great  height,"*^  but,  ajMirt  from  this,  it  seems  likely  that 
5000  feet,  and  probably  4000,  will  jierfectly  secure  from  malaria.  Probably, 
indeed,  a  less  height  will  he  found  effcctuaL 


•  It  hm  tMfted  np  even  to  Urn  immmits  of  the  Neilgheniea,  7CO0  or  8CKW  fcftl,— Kd.w.i^ 
Sanitarg  Rep(trU  Mr  Elliot'tf  Evickucc,  vol.  i.  p.  250, 
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Al  BO  iKiint  do  liol  land  winds  occnr^  or  «l  an  j  tsfca 
ieat 

On  the  wbole,  it  would  appear  proliabfe  titfi  the 
6000  feet,  bnt  below  7000. 

2.  What  stations  are  the  best — ^tha  topa  of  msB^aj  liillBy 
moantain^^  or  elevated  table-lands ! 

Kanjild  Martin  has  called  especial  altsatiaai  to  tliie  aoHtaij  luikv 
they  do  eotnetimes  from  an  almost  le^el  plain  to  fOOO  and  MOO  feel 
mountain  Lelan^is  eeem  especially  adapted  for  lioopa  if  them  ii 
apace  at  the  top.     They  are  free  &om  ravinea  conductEOg  eold  air  fsam 
land,  and  are  often  lees  rainy  than  the  span  ef  loftier  hUls^ 

The  spnia  of  the  Himalayas,  howev^,  present  many  el%ifalii  0|nl% 
do  aome  table  lands.     And^  perhaps^  on  the  whole,  if  tfai 
it  ia  not  a  matter  of  much  importance  which  of  theae  fonnstiooB  la 
other  cirenmstancea,  viz.,  purity  of  water,  apace,  ease  of  moeem^  and  «^|kfiBi^ 
A:a*  will  generally  dedde. 

In  choosing  hill  stations,  the  points  dieensaed  in  the  cbapiier  atk  Sqoa 

iffhould  be  carefully  considered^  and  it  is  always  destiabJLe  to  biaTe  a  tinl  iiv 

i  year  or  two  before  the  station  is  permanently  filled. 

In  all  the  presidenciea of  India elerated  epots  where  tzoi^caa  be  eanlBMd 

in  abundance.*    The  fbUowing  table,  oopied  from  Dr  MMphoaoA 

,  giT»  aome  of  the  principal  hill  staliona     Fresh  stalioras  mx%  '^om^M 

J  conabantly  discorered,  and  it  aeema  now  certain  that  tbciB  ia  atailfl 

any  important  strategical  point  without  an  elevated  site  wmt  it.  H 

Xear  Xynee  Tal,  in  Eumaon,  are  Almoiah  (5500  feel),  and  HawiDi^ 

■(4000  feet),  both  weU  spoken  of.     Kunawar  (5000  or  6000  feet)^  in  ^ 

rwalley  of  the  Sutlej,  has  a  delicious  climate;  and  Chini  (about  100  Bules  from 

Simla),  Is  a  most  desirable  spot 

Paaainc^  down  from  the  north-wefrt  towards  Calcutta,  Dr  IfCleUail 
[  land  within  100  miles  of  ALUbiibad;  and  in  the  aoalk 
the  ThiTsncore  mountains,  with  numerous  good  aitea. 

If,  then,  the  msss  of  the  troops  are  cantoned  on  elevated  pla€e%  Ilia  dii- 

irantBgee  of  climate  are  almost  removed.     The  Indian  Sanitary  Comni^ 

lecommended  that  one-third  of  the  force  ahaU  bl^  in  the  hiUi^  afid 

enfeebled  men  and  recruits  espiM^ially  shall  be  sent  tbere.     But  tl  MH 

hoped  that  not  only  one-thlid,  but  a  large  majority  of  the  troopa  ^M 

eventually  be  placed  there.  ^M 

ScB^Bcnosr  IL — DtssasBS  of  thb  XATimL«  H 

It  is  impossible  that  Europeans  can  be  perfectly  isolated  horn  the  Bal^| 
among  whom  they  serve;  they  have  sufTenHl  from  the  pestileatiaX  dima^H 
the  Hindus,  but  still  it  ia  wonderful  that  they  have  not  suffeiad  1l^| 
Cholera  is  the  chief  disease,  which,  arising  in  the  native  population,  aooa^| 
their  conquerors.  Some  fevers  abo,  reJapaing  lever,  perhaps  a  *^£e|^| 
icterodea,"  or  bilious  remittent^  which  baa  attacked  Europeans^  have  had  tflP 

•  See  the  eTidence  in  the  fndian  Sanittf?  Report  (toL  L)  of  Sir  K  Mutin,  Mr  ESfaili,  Ifc 

Meeleftn,  Dr  Alexander  Onot,  Mr  Mont^mery  Maitin,  uid  athen.    Alio  noal  tiMtmeiif  i» 

porto  bj  Mr  BCacpbeisoii,  Indian  Report,  ?oL  iL  p,  €22,  and  by  Dr  Alezando-  Onal,  Ittlte 

AudaI^    On  the  locKtioD  of  troope  1  may  also  x«ter  to  Svmoii-G«tienl  fir  BottHv't  «wr 

decided  opinion  on  the  neeemtr  of  pUdng  od  the  hiUa  all  tib  men  who  on  be  wp§nA  Iton 

™  "^r"*^  P**^  ^  ^^  plains.    No  inotv  vidiiable  opinjon  could  be  giTm  ob  nidi  a  pdM 

wail  tiiat  of  an  officer  who  has  bad  the  lam«t  possible  experience,  and  the  beet  oppoftTmife* 

.S-^S??*^  '  correct  judifinent.     (See  his  Report  in  the  Army  Med.  Heport,  rxd.  \iu  p.  $1X4 

IH  Wllltaiii  Mnir  has  alft>  uf|;ed  thla  point,  and  the  result  ii  that  EndaaUjr  man  tmk  mm 

Bmt  an  bein^  located  oa  the  hiUa. 
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ongin,  or  at  any  rate  their  conditiona  of  spmt 
native  cities.  Happily,  the  Black  Death  (the 
lias  never  yet  sprejid  to  the  troops^  and  has 
narrow  limits.  Still  ihese  pestilences  am^ng  tli 
present  luenaco  to  Europeans,  and,  a«  in  the  j 
at  any  lima  Cholera,  certainly,  will  nevea 
its  strongholds,  amon<(  the  miserable  dwelli 
every  oriental  city.  In  1867  there  were  i 
contagious  fever,  which  has  caused  so  much 
jails.  The  exact  influence  on  Europeans  of  th 
the  natives  of  India  has  not,  as  far  as  I  know, 
fetmly,  but  it  cannot  be  incuusidemhla  In  mi 
the  natives  are  in  close  neij<hhoiirhood,  and  th© 
wati'r,  must  be  influenced  by  the  social  lif< 
proximity  to  large  cities  or  bazaars  is  indeed  oft 
as  iullaoncing  the  health  of  their  men  ;  it  won] 
the  precise  effect  The  sanitary  condition  of  alnn 
and  the  ganitary  habits  of  the  country  people, 
water,  ftetid  air,  want  of  sewage  remox-al,  and  |> 
abound  everywhere.  The  Repr>rt  of  the  India 
tho  activity  of  the  Indian  officials  in  the  Sanit 
ginning  a  eerics  of  changes  iu  this  respect^  wh 
toto,  the  medical  history  of  India. 

StTB-SEOTioN  IIL— Special  Htgh 

The  special  hygienic  conditions  (apart  froi 
soldier  serves  in  India  have  been  the  main  causi 
subject  has  received  a  searching  inquiry  from  t 
Tbey  declare,  and  after  reading  the  Station  Kej 
before  them,  no  one  wHl  doubt  the  assertion,  th 
ceniperature,  moisture^  and  variability  of  tempe 
of  sickuei^  *'*  there  are  other  causes  of  a  very 
stations,  barracks,  hospitals,  and  the  habits  of  tl 
those  which  are  kuown  in  colder  climates  to  en 
diseases  from  wliich  the  Indian  army  suffer  so  a 

And  the  CoTumis.^iouers  emmiemto  a  list  of  cat 
stations,  bad  barracks,  overcrowding,  impure  air 
perfect  abkitiun,  inferior  rations  and  cooking,  & 

In  fact  no  doubt  can  exist  in  the  minds  of  a 
ject  that  these  form  the  most  potent  class  oi^M 

Sud-Section  IV. — Habits  akd  Cusfo 

The  habits  of  the  men  and  the  customs  of  ser 
causes  of  diseases,  imd  are  still  so  to  some  ext^n 

Tlie  men  were,  as  a  ruk%  inti^mperato,  great 
exert io a     It  has,  indeed^  been  pointed  out  with 
their  amount  of  exercise  the  men  were  much  o^ 
the  liver  appear  to  result  directly  from  this  eimj 

The  want  of  exercise  is  not  always  the  fault  o: 
ing  hours,  aud  often  the  evening,  are  occupied  t^ 
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betwieeti,  the  men  used  to  be  confined  to  barracks,  and  are  a  till  somotimBs  sa 
Han5,  Ibjtlesa,  unoccupied,  and  devoured  with  eonui^  they  passed  the  weary 
dar,  lying  down  perhaps  for  hours  daily,  or  lounj;^iig  on  chaira  smoking. 

Tltia  forced  confinement  to  barracks  is  indeed  an  evil  often  greater  than 
thmi  it  is  intoniled  to  remove.  To  prevent  men  from  passing  out  into  the  sun 
tbiiy  an>  rutaiKlled  to  remain  in  a  hot^  often  ill-ventilated  ixwim,  worse  for 
henlth  than  the  in  tensest  rays  of  the  sun,''^  that  scape -goat  of  almost  every 
liiolt  and  vice  of  Indian  life. 

All  these  causes  have  been  eummed  up  by  ^fiaa  Nightingale  in  some  of 
lliose  telling  sontonees  which  have  done  more  than  anything  else  to  force 
attention  to  these  vital  questions,  f 

Of  late  years  a  great  change  has  taken  place  in  the  habits  of  the  men,— 
more  open  air  exercises  of  aU  kinds  j  and  in  the  cooler  stations  athletic  sports 
•nd  cricket  have  been  encouraged ;  in  some  of  the  hiU  stations  the  troops  have 
been  employed  in  making  roads  and  publJQ  workai,  and  the  practice  of  trades 
haa  boen  promoted.  Wure  the  troops  chioHy  on  the  hilla,  tm  much  exercise 
as  at  home  would  be  possible,  and  the  men  would  pre6er\'e  their  European 
Tiguar  and  appeamnce.  But  even  in  the  plains  exercise  is  neces8ar}%  and  if 
it  be  taken  at  proper  times  (ie,,  with  avoidance  of  the  three  or  four  hottest 
liours),  and  with  proper  precautions,  such  as  keeping  the  head  and  spioe  well 
ooTered  and  cool,  putting  on  after  profuse  sweating  dry  and  thin  mixed 
cotton  and  woollen  underclothes,  and  (mikxitLng  the  loins  and  ab«lomen  with 
a  ailk  or  flannel  sash^  anJ  avoiding  stimulants  before  and  during  the  exewjise, 
ail  men  would  be  benefited  oven  by  very  great  exercisa 

Tlie  pale,  feeble  appearance  of  persons  who  keep  much  in  the  darkened 
bouses  is  really  owing  more  to  tho  absence  of  light  and  to  tlie  unhealthy  and 
aedentary  life  than  to  the  effect  of  the  climate. 

The  subject  of  clothing  has  been  already  referrefl  to,  In  Algeria,  as  in 
^•'^'1,  much  good  has  besn  ascribed  to  the  use  of  verj'  large  flannel  belte^ 
I  the  French  suspend  from  the  shoulders,  a  plan  better  adapted  for  com- 
v*T{  than  the  so-called  cholem  lielts  of  India. 

With  tegsrd  especially  to  diet,  two  points  must  be  oonsidered  :— 


I  •ImU  never  forget  the  saffertngn  of  the  men  in  tb«  old  IjAmelcs  «t  Mftdns.  We  ftrrirerl 
_  S9  tfom  Moulinein,  where  the  men  had  nerer  been  ooaftned  to  burraeke,  uid  when,  dorifig 
tiro  hot  MMom,  no  injary  had  resultod  fh>m  allowiug  them  to  go  out  whin  they  liked.  On 
srriTftl  at  Madiiis,  in  acoordftnce  with  InvimAhle  euxtoui,  the  men  wore  ooufinaa  to  bairacks, 
Tbey  Uv  all  day  on  their  bedt,  reeking  with  p«rf uimtion  ;  the  pl&ee  woa  ro  itmati  and  rentiJa- 
tioD  no  bacL  that  the  heat  was  perfectly  intolembfe  Id  the  harracki,  though  the  sun's  tiiTB  weire 
i|oite  b«anib1e*  The  suffering  were  extreme.  When  the  afternoon  came^  more  injory  had 
liMa  dooie  by  the  hot  and  impure  air  than  exposure  to  the  sun's  rays  oonld  have  caused. 

At  Monhnein,  in  Tt-nawenm,  at  one  time,  two  European  regiments  ser^-ed  together.  The 
bciTni:ks  of  each  were  perfectly  healthy  ;  the  food  and  duties  were  the  tame ;  yet  one  showttt 
s  BM^  list  and  mortality  always  tnuch  greater  than  the  other.  Senring  in  the  station  shortly 
allerwariSj  I  was  so  struck  by  thi<i  differenoe  that  1  went  over  all  the  i^tttms  and  imports  in  thu 
AtBlf-auigMm's  office  to  make  out  thu  caune  ;  the  only  dilTBreiice  1  could  detect  was»  that  in  the 
tiMy  regiment  the  men  were  continG<l  to  baimcks  ii^  thti  other  they  were  allowed  to  so  about 
aa  they  peased.  Many  yeani  afti^rwanls,  I  met  with  a  merlical  otBoer  wlio  had  served  in  the 
•iekly  regiment,  and  li»uiietl  from  him  that  he  hod  always  considered  the  oondnement  to  bar- 
laeka,  and  the  want  of  exercise,  and  the  impure  air  breathed  by  that  system  almost  uight  and 
day^  to  baT«  been  the  cause  of  a  disparity  so  striking.  No  one  would  recommend  imprudent 
MCposuTC  to  the  sun  ;  men  may  be  trusted  to  avoid  its  intensest  rays ;  but  to  nadnce  men  to 
miamtA  idleoesa  for  many  hours,  and  to  confine  them  in  the  «niall  space  of  a  barrack-room  ia 
ftol  Ifaa  war  of  meeting  the  evIL  (On  this  point  see  siso  page  664  for  Dr  Clark's  ol)servationa 
«B  ««ftt  or  ciercite  u  coopared  with  exposure  to  the  sun  on  the  West  Coast  of  A/Hca.)  On 
tibia  pointi  as  fn  many  <AlMn,  the  statements  of  Dr  Kenneth  Maddnnom  are  deserving  or  grt^at 
altsailloa.  Ala  remarks  on  the  desirability  of  exen:ifie,  even  in  the  trying  climate  of  Tirhoot  in 
Beqgalt  are  very  striking.  (A  Treatise  on  Public  Health,  by  Kenneth  Sdnddnnon,  M.D., 
CkwApore,  1848*  pp.  27  and  IlfiJ  Ue  strongly  recommended  open  sheds  and  gymnasia,  and 
tbeaa  are  now  berng  odoptod. 

t  How  People  may  Live  and  not  Die  in  India.    By  Florence  Nvgbt£n|;BAA,  1*^1^^ 
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h  What  ftmount  of  food  should  be  taken  ?  In  India,  as  in  all  pute  of 
tbe  worlds  food  sboulil  be  takeu  in  proportion  to  the  mechamcal  wotk  dfloe 
by  tho  body,  and  to  the  equivalent  of  meehaaical  force^  vt^,  aniiiud  bni 

High  temperature^  as  lessening  the  loss  of  thd  body  heat^  must^  jBfx>  i 
lessen  the  need  of  food  to  supply  the  temperature ;  and  it  has  beMi  ( 
that  the  diet  of  men  in  cold  countries  (Arctic  regions)  and  in  hot^  i 
remarkably  in  respect  of  the  amount  of  carboniferous  food  taken  by  '^"^ 
But  although  it  is  certain  that  large  quantities  of  meat  and  fat  are  tiiv 
men  living  in  or  arriving  in  cold  countries,  it  is  now  known  thiit  the  aaXtft* 
of  some  of  the  hottest  parts  of  the  world  take  immense  quantities  of  ho/tk  btB 
and  starches.  In  fact,  both  these  substances  perhaps,  certainly  fat%  aie  teikn 
to  sufiply  mechanical  force  directly,  as  well  as  animal  heat  It  ia  mi,  in  bA^ 
yet  known  what  amount  of  lessening  of  food,  or  what  kind  of  iomwiiiwft  llw 
increased  heat  of  the  tropics  demands,  or  whether  any  is  demandied^  fof  fact 
experiments  are  wanting.  Our  best  guide  at  present  for  the  quantity  olfocd 
to  be  taken  in  the  tropics,  is  to  apportion  it  to  the  amount  of  m^diaJUcaX 
vfotk  done,  as  in  temperate  climates  In  India^  as  elaewbere^  It  mw^  be  ii 
balance  with  exercise.  The  points  then  to  be  considered  are  the  ainoitiili  o( 
daily  food  and  of  daily  exercise,  and  by  means  of  the  tables  formerly  grra^ 
and  by  knowing  the  habits  of  the  men,  little  difficulty  will  be  found  in  6eki>- 
miEiBg  the  proper  ration  quantity  of  food  with  accuracy. 

In  considering  the  amount  of  food  it  must  be  remembered  that  II10 1 
almost  always  buys  additional  fooil,  and  often  eats  much  more  tluan  Ilia  ) 
Some  years  ago  I)r  Macnamara  found  the  troops  in  Bengal  taking  no  lem  OlIB 
76  ounces  of  food,  (i>,,  water-containing  food),  while  the  regulation  imtioKm 
only  52  ounces,  so  that  these  men  were  largely  over-feeding.  And  Dr 
Dempster  (Indian  Sanitary  Eeport — Evid«nce)  states  that  the  m/yoiity  of  tbi 
recruits  from  Scotland  and  England  cat  in  the  hot  weather  in  India  modt 
more  animal  food  than  in  the  coldest  seasons  in  their  native  countriei^'* 

It  would  therefore  seem  that  illness  may  arbe  in  India  from  exeasi  of  fooi 
liut  it  is  not  the  regulation  ration  which  produces  it»  but  the  additioiiftl  f0> 
( based  food,  which  is  often  of  bad  quality,  or  the  extreme  idleoes  Of  Ibi 
men,  in  which  case  even  the  regulation  ration  is  too  much.  The  oiilf 
rimuxly  ia  instruction  of  the  mon  in  what  is  good  for  them,  and  no  men  i» 
so  stupid  as  not  to  perceive  what  is  best  for  their  own  comfort  and  happiii«0 
when  it  is  once  pointed  out  to  them. 

In  addition*  the  soldier  in  India  had  tiU  very  lately  the  spirit  zialioit  (iww 
lessened  to  one-half),  %s'hich  hjis  the  ellect  of  lessening  the  power  of  tipp»' 
jiriation  of  food,  though  not  always  the  appetite,  and  thus  izuitR»cilj  WKJ 
cause  over-feeding. 

2.  All  mi  t  ting  {till  better  observations  are  made)  that  men  in  the  U^opMi 
underg'iing  as  mucli  exertion  as  at  home,  will  demand  as  much  food,  mad.  it 
the  same  proj>L>rtions,  as  far  as  tht?  four  classes  of  aliment  are  ooneeniod  («»l 
it  seems  to  me  all  physiological  evidence  shows  that  thia  must  bo  llic  mm^ 
and  that  not  external  temperature,  per  st\  bnt  the  work  of  the  body,  it  At 
chief  measure  ol  food),  the  next  question  is^  whether  the  different  mfiheht^ 
the  diet  should  he  altered  ;  whether,  for  example,  the  same  amocuil  tt 
nitrogen  being  given,  it  should  be  contained  in  vegetable  or  amxnftl  loodt 

It  has  be^n  stated  by  several  of  the  best  observers  in  the  tnipica  thil 
who  eat  largely  of  animal  food  are  less  healthy  than  those  who  Uk§ 


*  CoTotipl  Sykefl  1on|r  ^o  directe<l  parttcttlAr  attention  to  tbU  point,  tlntiiig  viCk  jmM 
trutti,  thnt  tlit«  soldier  in  India  m  over-KtimalAtod  by  towl  and  dri&W  and  unika>-0tanMdW 
bodily  and  uiuutal  v^sercUe. 
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food ;  and  Friedel,  in  his  work  on  China,  has  lately  iigain  directed 

to  the  fact*  that  the  amount  of  digestive  and  hepatic  disease  is  much 

among  the  English  than  among  any  other  European  settlers  in  China. 

ther  this  is  owing  to  excessive  animal  IckkL,  or  excess  generally  in  all 

and  to  too  much  wine,  heer,  and  spirits,  is  not  certain.     The  diet  is 

ibably  too  rich  as  a  whole, 

)pofling  meat  is  talteti  in  proper  but  not  excessive  quantity  with 
iceo^is  food,  aa  at  home,  is  it  less  healthy  ihati  a  quantity  of  vegetable 
food  containing  au  equivalent  amount  of  nitrogen  ?  On  this  point  it  seems 
|to  me  that  strict  scientilic  evidence  has  not  been  produced.  With  regard  to 
pBBovs  of  animal  food  there  is  no  doubt ;  but  animal  food  in  moderation  hag 
luvt^  I  think,  been  shown  to  be  more  active  in  causing  liver  complainls  in 
ledia  than  at  homa 

Considering,  indeed,  how  important  it  is,  when  the  digestive  organs  have 

accustomed  to  one  sort  of  diet,  not  to  suddenly  and  completely  change 

it  seems  to  me  very  doubtful  whether  it   would   be  desirable  for  the 

'pean  arriving  in  India  at  onee  to  give  up  all  previous  habits,  and  to 

ioe  an  entirely  different  kind  of  diet 

possible,  however,  that  the  meat  standard  of  England  might  be  some- 

^t  reduced,  and  the  bread,  flour,  and  legnminosse  increased     This  m  not 

opinion,  however,  of    some   of  those  who   have  lately  paid  particular 

tion  to  Indian  rations  (Br  C.  A.  Gordoe  and  Dr  Inglisf),  and  who 

leve  that  the  amount  of  meat  is  even  too  small 

It  has  often  been  said  that  Europeans  in  India  should  imitate  the  natives 
in  their  food,  but  tliis  opinion  is  based  (it  seems  to  me)  on  a  misconcejitioa 
fThe  use  of  ages  has  accustomed  the  Hindu  to  the  custom  of  taking  large 
quantities  of  rice,  with  pulses  or  com ;  put  an  Eurtipean  on  this  diet,  and  he 
could  not  at  first  digest  it ;  the  very  bulk  would  be  too  much  for  him.  The 
iHindu,  with  this  diet,  is  obliged  to  take  laige  quantities  of  condiments 
(peppers,  &c,).  The  European  who  did  the  same  would  produce  acute  gastric 
catarrh  and  hepatic  congestion  in  a  very  short  time;  in  fact^  as  already 
one  great  fault  of  the  diet  of  Europeans  arriving  in  India  is  too  great 
of  this  jiart  of  the  native  diet 
Two  points  about  the  diet  of  India  seem  quite  clear.  One  is,  that  spirit* 
s  most  hurtful,  and  that  even  wine  and  beer  must  be  taken  in  great  nuKler- 
ation.  Of  the  two  beverages,  light  wines  (clarets),  which  are  now  happily 
coming  into  use  in  India  for  the  officers,  are  the  best  For  the  men  good 
"heer  should  be  provided,  but  it  is  important  to  teach  the  men  moderation. 
The  allowance  per  man  per  diem  should  never  be  more  than  a  quart,  and  men 
•would  find  themselves  liealtbier  with  a  single  pint  per  day.  But  it  would 
^eem  pml^able  that,  especially  in  the  hot  stations  and  seasons,  entire 
ncc  should  be  the  rule,  and  that  infusions  of  tea  and  coffee  are  the  best 
fcwwages-t 

The  other  point  is,  that  in  the  tropics  there  is  perhaps  even  a  greater 
letideiicy  to  scurvy  than  at  home  ;  the  use  of  fruits,  then,  is  of  great  import- 
mice,  and  whenever  practicable,  the  growth  of  fruit  trees  should  be  encouraged 
in  the  neighbourhood  of  stations.  In  some  stations  (Mooltan)  lime  juice  has 
been  issued  with  the  greatest  benefit  when  vegetabled  were  scarce. 


li- -^ 

^  Alnftdj  noticed  u  reg&nis  Indift  and  Uus  ftUiuitiiw, 
f     +  Op.  eiL  and  Army  Medical  Report,  vol.  ▼.  p.  380, 
I     i  7oe  drinlu  which  the  privnte  »7ldj«r  often  buyf  in  tb«  buaAfi  in  Indift  &re  of  the  wont 
(daiRriPtioD ;  funhck  mixed  with  cayenne  «Dd  other  poag«iit  enbetaticee,  or  fennented  todd/ 
anijcoa  with  per^m  Aod  niLrcotica,  or  drugged  beer,  are  coixudob  drinki*    It  would  be  etui^  V» 
F^ilI  e  Atop  to  tou  by  legialative  eDActmtDt. 
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India  presentB  in  many  respects  the  same  histoiy  as  our  otber  tnipicd 
poBBessiona  In  former  years  there  was  a  large  mortality  among  Enpi^essiK 
attributed  ueually  to  the  climate,  inetead  of  being  put  down  to  its  propc 
cnusea,  viz.,  a  reckless  mode  of  living  amidst  the  most  insanitary  coxidltHiui 
As  years  have  passed,  the  same  gradual  improvement  has  oceumHl  in  bdii 
as  in  the  West  Indies.  Ilabite  have  improved,  and  the  con^litiona  of  life 
have  been  slowly  altered  for  the  better.  This  change  baa  been  gotog  oa 
for  years,  and  there  has  been  an  astonishing  progress  aince  the  iimtiii|. 
Much,  no  doubt,  remains  to  be  done,  but  the  fall  in  mortality  and  m  ncknai 
has  been  so  marked  in  all  the  Presidencies,  as  to  lead  ua  to  hope  i}m%  in  i  few 
more  years  the  Itnliau  service  will,  like  the  Wt«t  Indian,  b«  :- '  h^^iltij 

as  the  home  senice.    It  may  seem  rash  to  anticipate  such  a  i  :  in  ij& 

pTovement  as  great  has  already  taken  place,  for  the  mortality  evtoi  now  \m 
fiillcn  one-half,  compared  with  that  of  thirty  years  ago. 

The  following  table  shows  this  : — 

Earlier  Years. — Mortality  of  Europeans  per  1000  o/  Strm^L 


T«««  fttid  AutUority.* 

Bombay 

.4S£r. 

1846-64  (Chisrers).  .     .    ,     .    , 
1838-^6  (Qaeen*8  trooM  $lme —  } 

Bolfour) 

ia06-56  (Conipany'A  troopA  done 
—Indian    Sanitary    Commii.  i 
sionera) 

79-20 
74  "10 

60-20 
6110 

66  00 

08-SO 
6t^ 

63S0 

In  1812^16,  in  the  Bengal  Presidency,  the  deaths  averaged  96*5  per  Hi 
in  the  Bombay  Presidency  iu  1819-20  the  deaths  were  80  per  1000. 

The  above  mean  mortality  includes  every  loss  ;   in  some  yems  tl  w« 
course,  greater,  in  some  less  ;  but  on  the  whole  large  every  year,  witli  a  I 
exceptions,  till  the  year  1856.     After  the  mutiny,  about  the  year  18S0^] 
sanitary  improvements  and  the  greater  care  of  the  troops  which  had  " 
graduaUy  taking  place  received  an  immense  impulse.     The  results  i%  i 
below. 

*  The  cluef  statbtics  of  iho  towm  in  Iii^a  &re  contaiiicd  in  - 

1.  Numerooi  »c&ttare*i  pAper§  in  the  various  Indian  luedic*!  {wiiodieftla  for  tlhi  lart  lIM 
yeftin,  KferriBg  chiefly  to  the  herdtb  of  one  presiclvney  or  of  regJme&U  Of)ToR«»oc«iwy1^i9 
districtn. 

2.  Summ&rtes  of  the  whole,  bv  Colonel  Sjkra  (for  twenty  yeftit  mdi^  1617.  tetMWi 
Joumni,  vol.  x.),  Sir  Ranald  Martin  (Influence  of  Tropical  Climate^  %i  MllkaK'  Mt 
Ewart  (Vital  Statistica  of  EtLropean  and  Native  Armiea,  1859;  Dre  Wa»xng  isad  K^on 
Che  vers  (Indian  Annats,  185S-1B62) ;  and  fts  far  an  officera  and  civilUoa  mm  4 
Colonel  Hemleraon  (Asiaiie  Reaearchos,  vol  xxX  and  Mr  Hogb  Macpbervou. 

S.  Oflidal  documents,  the  moat  impoTtant  of  whicb  are  oontaioed  in  th«  Indian  ! 


Eepirt :  in  the  yearly  Anny  Metlical  Department  Reports  stnee  1860  ;  in  thi<  rmiioQi  fcwrti 
of  the  Sanitary  Com  niiaai  oncers  in  tl^  three  Pn^idenciea.  in  the  inv^uable  lUtis^  mJk 
Br>'di*ii,  and  in  tho  Mimiei|ml  and  other  OHlcial  Reports  sent  in  fmra  town*,  nr  dwtikla.  A> 
pre«<]nt  the  most  vahmbTe  information  is  heine  i^oUected  and  pn>>^'-^>^^  ••!  \adim  of  tJ^kaltt 
not  only  of  the  European  and  native  arnitesi,  Wt  of  the  civil  p^r  ^ad  ftem^  ^f9^ 

lationand  of  hirthfl  and  deattui  are  now  iiyAtematicalJy  made,  imtfam*  tl»  £fc 

Government  ia  gradually  obtAinLng  a  view'  of  the  atate  of  boAlth  of  ihti  noimrow  mi^m  I 
controls. 

The  Rcpnrta  from  Bengsl  (Annual  Reports  of  the  Sanitary  Commiasjnnttitfilk  flhi  Of«0' 
ment  of  India)  and  those  froin  Madras  and  Bombay  are  models  of  tlieir  kind,  aiMl  ttMl  Wvi 
peat  efltict  on  the  henltb  of  the  inhabiuuts  of  aU  India.  Tbe  InfomiaUan  KlfVtt  li  ttea 
lent  Hei>ort«  u  ao  oopiona^  that  it  is  lmp<M»tblo  to  give  any  A4leqitat«  acooonl  ofll  is  11* 
cha|iter.    I  hav«  bean  able  only  to  note  tbe  most  atrikijig  pointa. 
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Later  Tears. — Mortality  of  Europeans  per  1000  of  Strength. 


Tears  and  Anthorities. 


1860-9  (10  years,  Balfonr),      .    . 

:««»-74<6      „      ) 

.675  (inclading  deaths  of  invalids) 


Bengal 
Presidency. 


Total 
MortaUty. 


81-27 
24-45 
18-38 


Madras 
Presideocy. 


Total 
Mortality. 


22-68 
20-62 
16-83 


Bombay 
Presidency. 


Total 
Mortality. 


22-68 
16-61 
21-95 


Causes  of  Sickness  and  Death. 

e  causes  of  diseases  and  deaths  of  Europeans  are  given  in  the  following 
extracted  from  the  "  Army  Medical  Reports,"  voL  xvi.  The  period  of 
ears  includes  the  cholera  year  1872,  and  1875  was  again  a  year  of  cholera 

ty. 

Admissions  and  Deaths  per  1000  of  Strength. 


Bengal. 

Madras. 

Bombay. 

let. 

1869-74. 

1876. 

1869-74. 

1875. 

1869-74. 

187«. 

Adm. 

Died. 

Adm. 

Died. 

Adm. 

Died. 

Adm. 

Died. 

Adm. 

Died. 

Adm. 

Died. 

ifld  fevers 
d  fevers, 
fevers ) 
gl>en.[ 

7-0 
454-1 
178-3 

2-0 

4-66 
1-72 
1-99 

0-28 

5-6 
861-7 
131-8 

2-2 

3-68 
0-71 
1-96 

0-08 

8-3 
115-6 
118-0 

1-3 

1-77 
0-47 
1-64 

0-11 

0-6 

74-7 

119-1 

1.4 

0-36 
018 
0-80 

2-1 
492-6 
166-0 

1-6 

1-46 
1-20 
1-76 

0-05 

8-0 
4100 
103-6 

0-6 

6-22 
0-87 
218 

0-10 

52-0 
88-7 

0-02 
012 

68-2 
91-4 

0-68 

421 
98-7 

002 
0-17 

30-4 
108-2 

0-63 

41-4 
87-1 

0-06 
0-12 

43-6 
70-9 

0-10 
0-10 

Scro- 
c,      .  ( 
>ry.  .    . 
ry,  .    . 

•    • 

10-8 

1-87 

8-3 

1-87 

13-0 

1-62 

10-8   1-69 

100 

1-67 

7-2 

1-93 

67-3 
19-6 
20-1 
24-0 
260-6 
103-2 

1-24 
1-66 
2-36 

6-82 
0-36 

60-6 
22-7 
21-1 
20-3 
222-6 
104-3 

1-09 
0-98 
2-46 

8-15 
0-32 

44-7 
18-7 
20-8 
20-7 
348-3 
78-9 

0-66 
1-99 
2-09 

7-47 
0-18 

36-7 
20-9 
13-3 
14-0 
294-8 
89-7 

0-63 
2-06 
1-07 

6-34 
0-09 

42-3 
12-6 
16-8 
26-2 
217-6 
84-1 

0-67 
1-19 
2-28 

8-79 
0-23 

46-6 
17-1 
17-8 
26-9 
242-9 
84-3 

0-97 
0-96 
8-19 

3-87 
0-19 

and 
•  causes, 

90-7 

1-83 

94-2 

1-69 

116-6 

2-17 

95-8 

2-76 

96-3 

1-84 

112-7 

1-66 

166-6 

0-60 

149-0 

0-46 

211-8 

0-47 

163-8 

2-44 

164-4 

0-31 

180-8 

0-67 

I.     .     . 

1513-9 

24-46 

1858-4 

18-381261-4 

20-63 

1074-2 

16-83 

1449-9 

16-61 

1871-8 

21-95 

Analysis  of  the  Statistics, 
5  following  table  shows  the  distribution  of  mortality  according  to  age  : — 
Deaths  per  1000  of  Strength  at  the  ages  named. 


VDXA  (Balfour's  numbers). 


-9  (10  years),    . 


Bll865-7a(Brydes), 
as  1868-70  (Cornish), 


Under  30 
years. 


9-26 
809 
8-42 


7-61 
7-40 


30  and 
under  35. 


17  69 
1716 
14-40 


13-67 
13-70 


35  and 
under  80. 


24-63 
19-64 
14-80 


17-41 
21-60 


80  and 
under  85. 


84-17 
80-58 
16-90 


29-94 
26-90 


85  and 
under  40. 


4413 
44-71 
28-74 


29-94 
41-10 


40  and 
upwards. 


60-88 
68-96 
63-01 


29-94 
46-00 


676 


FOREIGN  smncE. 


II  theoe  numbers  are  compared  with  thorn  of  men  serving  d  bonu!  (|)igi 
608),  it  win  be  seen  that  the  mortality  at  every  period  is  gnsftter  i&  Ittlk 
If  the  average  for  the  cotresponding  years  in  England  be  multiplied  bj  thinv 
we  have  the  following  table^  which  comes  doee  to  tha  mwwn^  Indki 
nnmbera : — 

Deaths  per  1000  of  Strength  on  Rome  SerrnM  mttliipii&i  by  thrm  (185W9V 


Coder  »D. 

SO-41 

15-». 

30-M. 

IS-^.        1  40  HBd  nw.  1 

ais 

1718 

22-83 

W99 

46  62             ^11 

This  table  shows  also  that  the  proportion  (as  between  England  and  Iii&) 
is  preserved  throughout,  i.e»,  that  the  mortality  is  nearly  thn^efold  greater  •& 
every  age  in  India. 

This  regularity  of  increaae  ia  an  argoment  againat  the  view  that  age^  p9  n^ 
increaaea  the  total  mortality  faster  than  it  doea  at  home  ;  and  the  atatiflliGi  <A 
officers  contirm  the  inference  drawn  from  the  argument.  The  mcvtality  of  tkf 
membeis  of  the  Military  and  Medical  Funds  in  ^ladras  and  BeDgal  hm  bctt 
carefully  determiiK^  by  actuariee^  and  the  following  table  pro?«a  tlil 
mortality  among  officers  doea  not  increaae  with  age  in  anything  like  the  yji> 
portion  it  does  among  non-commissioned  officers  and  privates.  Tliekip 
mortality  in  the  earlier  ages  b  owing  to  the  atatiatica  mtining  hack  ta 
periods,  when  the  deatha  were  more  numerooa 


Mortalttt/  in  Officers  {in  Serpiee  Ftmd)  according  ta  age*"  per  lOOQ  of 
re»p$eHm  ages. 


Under  20.  i 

JO^t«. 

8^40. 

lo-u. 

s»-4a. 

4Ma  1 

MadtuB  Military  Fund,  \ 
1808-1857,          .         ,  \ 

BenMl  MilitAfv  Fund,    . 

Macfma  Medical  Fund,* 
1807-1866,           .         .  { 

29 
12 

a2is 

22-3 
14-2 

31-6 
24 '5 
361 

32 
27  5 
34  1 

29 
331 

981 

311 

1 


The  mortality  among  officers  of  30  to  35  years  of  age  ia^  thenefotei  naailf 
the  aame  as  among  privutea,  but  at  35  to  45  it  ia  very  much  Icaa  litfii 
climatic  conditionB.  acting  more  and  more  as  age  advances^  can  theniim  ail 
account  for  the  greater  mortality  of  the  private  aoldier^  fur  lht«y  vooU  ad 
equally  on  the  officer.  Ko  doubt  the  officer  has  a  more  frvquent  foiluiftgk  la 
England  ;  but  would  this  be  capable  of  giving  him  such  an  advanta^  f  I 
think  we  must  cooeludt^  that  other  conditions  apart  from,  or  at  any  uli 
BUperadded  to^  climate,  muat  give  riae  to  the  large  martalitj  af  tha  ponlt 
eoldiers. 

Morttdiiy  ctecording  to  Setvie$* 

The  question  can  be  further  considered  by  taking  into  acoonnl  111*  AOlif 
service.  The  following  table  from  Dr  Bryden  shows  the  effect  of  flVfiea  iir 
three  years  at  the  diilerent  agea  : — 

•  CTop'ed  from  the  RepoH  for  1871  of  the  Sanitwy  Commiaiiottor  (I>r  Onmbli^  tor  ¥^tvk 
lo7%  p.  7. 
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^hrateper  1000  in  t?ie  European  Army  of  Bengal^  excluding  Cholera, 


lole  army  of  1865-70, 
It  year  of  seryice, 
ond  year  of  service,    . 
Ird  year  of  seryice. 


Under  20  ytv% 
of  age. 


7-61 

12-98 

8*95 

2-87 


SO-34. 


18-67 

24-87 

16-84 

9-92 


i5-S9. 


17-41 
89  32 
23-08 
17-64 


80  and  over. 


29-94 
47-08 
85-61 
27-77 


sea  of  Death  per  1000  of  Strength  ai  different  Ages  and  Service  in  the 
Bengal  European  Army,* 


C«a*e«. 

Teart. 

Ages. 

Under  90. 

20.24. 

26-29. 

Mandorer. 

( 

Army  of  1866-70, 

4-95 

6-63 

5-58 

6-92 

^    .     . 

Ist  year  of  8erFioe,t 

9-68 

15-89 

16-78 

2047 

2d  year           „ 

•66 

216 

4-44 

4-90 

( 

Sdyear           „ 

••• 

•17 

2-62 

4^91 

1866-70, 

4-48 

4-78 

2-66 

2-98 

1 

Ist  year  of  service. 

6-70 

10-86 

8-52 

8-75 

r,  .        .        .    < 

2d  year 

1-97 

5-76 

6-77 

4-76 

( 

Sdyear 

•96 

808 

848 

8-75 

( 

1865-70, 

•94 

1-28 

2-88 

4^41 

apoplexy,    .    J 

1st  year  of  service, 
2d  year           „ 

2-40 

8-80 
108 

10-02 
2-66 

17^40 
860 

( 

Sdyear          „ 

•17 

•87 

1-46 

1866-70, 

... 

... 

•24 

1-08 

imn  treinens,    < 

Ist  year  of  service, 
2d  year 

... 

•75 
•67 

1-71 
•98 

( 

Sdyear           „ 

•22 

•87 

1865-70, 

•67 

1-82 

2-81 

8-20 

ntery  and 

1st  year  of  service. 

1-44 

8-28 

561 

646 

arrhoea,         .    ) 

2d  year 

1-82 

1-26 

266 

4-57 

8d  year           „ 

... 

-61 

1-58 

4^34 

i 

1865-70, 

•09 

1-73 

3-04 

5-45 

^Mm.    .        .    j 

Ist  year  of  service, 

1-90 

4-75 

6-82 

2d  year 

1-44 

422 

6^86 

( 

3d  year 

1-37 

848 

549 

( 

1865-70, 

'•29 

1-18 

1-47 

214 

«.,  .    . 

Ist  year  of  service, 

2-59 

3-76 

239 

2d  year 

... 

2-52 

2-22 

2^29 

( 

Sdyear           „ 

... 

2-22 

2-18 

208 

1865-70. 

•19 

•18 

-92 

2-88 

tdisease,      .    | 

1st  year  of  service, 
2d  year           „ 

•48 

•86 

1-76 
•44 

102 
4-57 

f 

3d  year 

... 

•87 

2-90 

} 

1865-70, 

l'-66 

2-75 

4-44 

7-80 

HiereaiiBea,  .    < 

Ist  year  of  service. 

1-91 

2-94 

4-26 

8-53 

2d  year           „ 

•66 

8-42 

4-44 

8-17 

^ 

8d  year           „ 

1^91 

2-57 

5-01 

6^94 

»  fiist  table  in  this  page  brings  out  very  forcibly  the  great  mortality  of 
at  year  of  serrice  at  all  ages  ;  the  older  men  suffer  as  much  as  the 
;er  ;  the  mortality  falls  during  the  second  year  of  service,  and  in  the 
is  below  the  mean  mortality  of  the  army  at  large.  To  determine  how 
18  is  owing  to  climate,  we  must  analyse  the  causes  of  this  mortality. 

ipendix  C  in  Bepgm]  Sanitary  Report  for  1870,  p.  265.  ei  aeq.,  aad  tor  \^\,  ^.  ^^. 
omucb  wmgbtnnut  Dot  belaid  on  these  large  numbers,  aa  tbal '^peLX^Xc^o^^ !«« tdsosN* 
ea  one  of  gnat  epidemic  prevalence  of  cholera. 


$78  lOBEIGK  SERVICE. 

The  careful  statistics  ol  Dr  Bzyden  ennble  os  to  answer  ibis  pdni  viiK  «tts 
accuracy. 


# 


Certain  broad  facts  are  at  once  shown  by  the  second  table  on  page  677. 
LeaTing  cholexa  out  of  the  qaestion,t  the  mortality  from  fevera  fe  ac«Q  It  It 
excessiTe  in  the  tot  year  of  aerrice,  and  to  be  far  greater  amoog  tba  jtmf 
men  ;  in  fact,  in  man  orer  thirty  it  is  trtfiing.  These  fatal  f erfeia  are  iuge^ 
made  up  of  typhoid  feTer4  which  is  known  to  affect  jaung  pefaoua  k  a  I* 
higher  ratio  than  older  [persons.  Heat  apoplexy,  by  which  is  meant  all  Skt 
forms  of  ^'  thermic  f eyer,"  is  also  extiemely  ^tal  in  the  first  yeai^  but  u 
incidence  is  not  on  the  young  but  on  the  old  men  ;  on  first  arxiTiiig  in  Indi^ 
men  over  thirty  die  seven  times  more  horn  heai  diiwaiww  than  the  m«s  mds 
twenty.  Two  causes  may  be  heiB  actings — the  oigiuis  of  tho  older  mtB  nf 
not  be  able  to  aocommodale  themaelTee  so  easily  to  the  unaociistoiiied  luat  m 
those  of  young  men  {oee  page  441)^  or  the  organs  (lungs^  heart,  and  brain)  i( 
the  older  men  may  have  been  injur»i  by  the  drinking  so  common  in  the  tmj* 
Probably  both  causes  are  i^  action.  Delirium  tremens  kills  no  man  ffiilv 
twenty,  and  very  few  under  twenty-five  ;  its  effect  is  moat  marked  ift« 
thirty^  and  the  table  seems  to  show  that  the  older  drankarda  die  twice  ii  M 
during  the  first  year  in  India  as  insuooeeding  yeaiSf  a^  if  tha  hoi  dimili  M 
an  unfavourable  intluence,  or  they  may  drink  more  on  finl  anMa^ 
Dysentery  is  fatal  during  the  first  year,  and  especially  in  mem  OYV  tmol^ 
five  ;  it  is  less  so  in  the  second  and  third  yean,  but  is  still  h^bar  An  m 
average  of  the  whole  army.  Its  incidence  appeus  to  be»  theOy  in  the  «if 
years  of  ^rviee,  and  it  jb  more  prevalent  or  more  fatal  in  the  older  xda 
Hepatitis  kills  scarcely  any  under  twenty  years  of  agia ;  its  fatidity  mtrmm 
as  age  advances,  until  at  thirty  and  over  it  is  fifty  times  00  &tal  as  mdtf 
twenty ;  the  effect  of  service  upon  it  is  less  marked  than  in  the  case  of  ika 
other  diseases.  Its  fatahty  is  no  doubt  connected  with  advanctng  iegimm 
Uon  of  the  hepatic  tbsue,  produced  either  by  climate,  or  what  k  mon  liMft 
perhaps,  by  bad  dietetic  habits. 

When  a  regiment  goes  to  India  the  diseaaes  (excluding  dioleia)  lo  ht 
guarded  against  during  the  first  two  or  three  yeazs  are,  for  the  young  m% 
fevers  (in  part  enteric),  and  dysentery ;  for  the  old  men,  djawitstyt  k^ 
diseases,  and  hepatitis.  As  a  regiment  continues  to  serve  in  India  hetA 
improves,  until  in  the  third  year  the  mortality  is  (except  m  fev«r  ani 
dysentery)  lower  than  the  average  of  the  army  on  a  term  of  yeai&  W9  ^ 
not  yet  know  how  long  this  lessened  death  rate  continues,  but  eventndly  lis 
mortality  &om  heat  apoplexy  and  hepatitis  again  increaae%  while  dyaesmj 
and  fever  both  decline. 


No  doubt  the  inquiry  will  eventually  lead  to  still  mora  importaiil  1 
but  even  now  sanitary  measures  of  value  are  pointed  out.  Enteric  lefw  aid 
dysentery  have  to  be  prevented  among  the  young  men,  and  tliete  is  i» 
reason  to  doubt  that  the  suooesB  which  attends  preventive  UMMtiea  al  hvi 
will  equally  reward  similar  efforts  in  India.  These  two  diaeaaoe  are  fpMlIf 
under  the  control  of  sanitary  regulations,  and  their  continuance  is  a  s2«r  Wfm 

*  Dr  Brydeii^s  utetirtics;,  »  mvtn  in  the  Report*  of  the  SADtUrj  -^ . 

Goirenmient  of  India,  and  in  tb«  tepAimta  Blne-Book  (Yital  Slatictles  nt  tte 
^t^y,l^7Q)  are  to  mQch  mart  oomplete  than  anj  other,  that  l]l«r  hmv  nuAmtM. 
the  older  reoorda.    Dr  Comiah'a  Statlatica  as  contauied  in  tb«  Madru  SimiurY 
alao  moat  Talnahle. 

f  The  akatiatica  of  cholera  are  giTen  fartlier  on. 

t  For  ertdenoe  of  ihk  aee  Bryika'a  Report,  and  aeveial  parpen  m  tue  ind^a  i 
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)  application  of  our  sanitary  knowledge.     We  may  confidently  anticipate  a 

ill  their  prevalence  and  mortality. 

bermic  disetk^ea  and  hepatitis  among  the  older  men  first  going  to  India 

be  lesseueil     The  diseases  arising   Irom   heat  (either  on   organs 

©ptible  of  accommodation  or  commencing  to  degenerate)  must  be  met 

[  not  subjecting  men  to  the  influence  of  heat.     The  inestimable  boon  of 

aog  on  the  hills  all  regimenta  which  arrive  from  Eogland  will  surely  not 

liuch  Icpoger  delayed.     These  stalisitics  of  Bryden  prove  ita  necessity,  and 

happily  a  measure  which  accomplishes  many  other  objects.     Malaria  is 

Jed,  the  chances  of  cholent  are  lessened,  and  the  risk  of  typhoid  fever 

ably  diminished.     Xo  other  plan  cati  be  devised  which  can  accomplish 

BQch  in  the  way  of  prevention,  or  cqd  aid  so  greatly  in  preserving  the 

and  |>ower  of  the  aoMier.     And  then»  by  descent  into  the  ] Jains  at 

in  times,  the  body  will  become  accommodated  to  the  chiinged  conditionSi 

,  18  now  an  order  that  no  soldier  shall  go  to  India  until  he  is  twenty 

t  of  age.     This  was  not  done  because  a  man  imder  twenty  siiflers  more 

climate  and  dies  faster;  in  fnc-t  he  sutfers  less  and  die^  more  slowly,  but 

unht  for  the  complete  work  of  a  soldier  until  his  frame  has  consolidated* 

on  as  this  has  taken  place,  however,  it  would  appear  that  he  should  go 

""  I  as  early  as  he  can,  and,  if  protected  from  cholem,  enteric  fever,  and 

atery,  he  will  for  some  years  liave  as  good  hetilth  as  at  home.     Up  to 

inclusive  of  the  third  year  his  health  will  improve  with  residence ;   at 

Be  subsequent  period  it  deteriorates,  but  the  statistics  do  not  yet  show  the 

1  year  of  serviee  when  this  occurs.     When  it  is  made  out,  and  when  it 

that  doLided  deteriomtion  of  health  lias  commenced,  the  period  of 

rice  should  end,  atid  the  soldier  should  return  home. 

The  means  of  prevention  of  enk^ric  fever,  dysentery,  hepatitis,  and  cholera 

been  already  noticed  (page  488  ei  seg.) ;  but  it  will  be  desimblt'  in  this 

to  notice  some  places  connected  with  the  mortality  of  cholera  in  Bengal, 

"  L  appear  to  point  to  certain  preventive  measures, 

Cliolera  in  the  Bengal  Presidency* 

ring  fifty  years  (from  1818  to  1867)  the  mean  annual  mortality  from 
Bfa  per  1000  of  European  strength  in  Bengal  was  no  less  than  9*4.  It 
\  the  great  catise  of  variation  in  the  percentage  of  mortality  from  year  to 
year.  The  cholera  mortality  was  not  owing,  a?  might  have  been  supposed, 
to  service  in  the  stations  in  Bengal  proper  {the  so-called  endemic  home  of 
cholera),  for  the  mean  mortality  in  Bengal  proper  was  below  that  of  the 
Panjab,  where  cholera  is  oecaaional,  i>.,  prevails  only  at  certain  seasons  and 
in  certain  years.  If  we  compare  Bengal  proper  with  two  other  military  dis- 
tricts, Agra  with  Central  India,  and  the  Punjab  (as  representing  Central  India 
and  the  extreme  north-west),  two  facts  come  out  very  clearly — 1st.  That  in 
Bengal  proper  the  mortality  is  more  steady,  but  on  an  avenige  of  years  is 
lower  than  in  the  other  two  districts,  where  the  mean  mortality  is  heightened 
by  occasional  tremendous  outbreaks  unknown  in  cholem's  endemie  home ;  2d, 
That  in  Bengal  proper  the  Sepoy  mortality  is  higher  than  in  Europeans,  while 
tP  the  other  stations  it  is  much  lower  f 

*  The  statijftica  referred  lo  in  this  sectba  are  ihow  givea  Ly  Bryden  in  his  valuable  Re- 
port—VtUl  SUtistics  of  the  B«uj?al  Preuidencj-,  1070— Mid  Appc*ndjc€«  from  Dr  Cunlng- 
hniV  Annual  Kepoit^  but  Dr  Bryden  \b  not  &nawienible  for  my  way  of  putting  the  figaros,  or 
lor  my  infer^cef . 

f  It  has  l^eeii  wrongly  stated  that  the  excessive  mortality  from  choteim  of  EuiopeanA  in  the 
BmI^  Prandency  i*  an  effect  of  r&ce ;  the  «tatistica  of  Bengal  proper  <ai  ihown  in  the  next 
•■bit)  and  of  the  Tktaiiras  Presidency  entirely  disprove  this.  In  tue  Madras  Presidency  in 
1WMI6,  tlie  annuid  European  cholera  mortaltty  was  81  per  1000  of  streugthj  and  the  Sepoj 
Morulity  mtt  3  07,  or  viftuaUy  the  j 
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Table  to  9how  the  Mortaliif  firam  Cholera  per  1000  of  atrwffi^uL  fovpeoi 

and  8epoye. 


Benftl  Proper. 

Asra  aad  C€xitnl  Iii4i*. 

^■*^ 

Tear. 

EnropecBi. 

8epay«- 

EoropeuL 

Sepojt. 

Enropeitl   Sq^t  , 

1861,     

6-51 

6-38 

41-21 

•25 

8610 

«ii; 

1862 

611 

6-44 

26*90 

1-8 

12-74 

sn 

1868,     

817 

4-25 

3-82 

•4 

•18 

n . 

1864 

2-60 

6-40 

0-62 

•0 

•06 

«i 

1865, 

6-40 

9-20 

7-20 

3^1 

•14 

• 

1866,     

1-90 

7  08 

0-28 

0 

0 

% 

1867,     

2-60 

8-60 

8-30 

•9 

20-7 

SI 

1868, 

6-84 

2-61 

3-36 

•16 

0 

0 

1869, 

•68 

443 

3018 

7-25 

16-86 

7« 

1870, 

100 

808 

•47 

0 

0 

0 

1871 

•61 

1-25 

•24 

0 

0 

•i: 

Although  the  numbers  will  not  be  quite  correct^  still  as  the  strength  of  tbf 
Europeans  and  Sepoys  did  not  vary  much  from  year  to  year,  the  mean  of  tk 
%hole  eleven  years  may  without  sensible  error  be  taken  from  the  ab^ 
averages — 


Europeans 

Sepoyr 

Sepoja. 

Enrapttu.     Sepofi 

Mean  of  11  years,  . 

8-82 

4-32 

10^68 

1*22 

7*78      s^j; 

1 

The  above  table  is  most  instructive,  and  proves  beyond  doubt  thit  wtw 
cholera  is  never  absent  from  Europeans  in  Bengal  proper*  (the  endemic  home  I, 
it  never  attains  the  destructive  prevalence  which  occurs  in  Cenkal  India  oi 

the  Punjab,  where  it  is  sometimes  entirely  absent  for  years,  and  yft  the 
severity  of  the  outbreak,  when  it  does  occur,  makes  the  mean  Punjab  iLt 
Centml  India  cholera  mortality  of  eleven  years  far  greater  than  the  cbokr. 
mortality  hi  Bengali  proper. 

Among  Sopoys  the  mortality  in  Bengal  proper  is  actually  greater  than  2 
Europeans,  while  it  is  far  less  in  the  Upper  Provinces,  and  in  8<jme  outbRal! 
(as  in  Centml  India  in  1861)  the  Europeans  have  suffered  frightfully,  ▼bile 
the  Sepoys  have  been  scarcely  touched. 

\Vliat,  then,  is  the  cause  that  while  in  Bengal  proper,  where  the  conditio? 
of  cholera  always  exist,  the  mortality  should  be  comparatively  low,  thcR 
should  be  such  ten-iblo  outbreaks  in  up-country  stations  where  cholera  i«»  only 
a  visitor,  and  why  should  these  outbreaks  aft'oct  the  Europeans  so  particolMly^ 
To  answer  this  question  we  may  select  a  few  of  the  worst  stations  in  UpM 
India,  and  see  what  the  mortality  was  in  the  great  epidemics  of  1861-2-7-^- 
Mortality  j)^  1000  of  FAiropean  Strength  in  differf'Tit  Epnle^nir*. 


1861. 

lSti2. 

1            1?67. 

1 

!?«?. 

Meenit,      ..... 

34-32 

15-70 

'        70-.S0       1 

l-'A 

Mean  Meer,        .... 

245-63 

49-93 

50-49       , 

0 

Peshawur,          .... 

0 

49-24 

92  93       I 

l-2i>14 

-Agra, 

56 -^e 

42-5 

0            1 

<• 

Morar, 

137-43 

37-25 

11-52 

S-i-5$ 

^    *  Sinco  1871  the  ratio  of  deatljs  from  cholera  among  Euroj^eau  troops  has  l>een  very  c:^^ 
m  the  Presidency  division  (including  Benjral  proper) : — 

1872,      .        .        ...        ,        .        0-69  per  1000. 

1S73, 0-3*i 

1S74, 0-35 

l^lo, ull. 
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Thifl  table  sliowa  that  the  outbreaks  are  very  variablG  in  mtensity ;  a  station 
be  quite  free  from  cliolera  in  one  epidemic  and  suffer  frightfully  in 
ther.     In  Agra  in  1861  there  was  a  tremendous  outbreak  ;  in  1S67  there 
no  case,  though  the  disease  was  all  round. 

'  we  now  analyse  the  station  statistics  thomsely^  the  remarkable  fact 
\  out  that  some  of  the  severest  outbreaks  involved  only  a  portion  of  the 


430  strong,*  and  lost  1  man  from  chola«L 


lost 


lost 


.J 

105 

4 

47 

2 
18 

men. 

1 
3 

man. 

None. 

4 
11 

4a 

3 

men, 
ti 
It 
II 

tma,  at  Meemt,  in  1867 — 
The  19th  Ilussara  were 

battened  of  artillery  were  610 
The  fii«t  bat.  3pd  Buffs  were  679  „ 

The  Sepoys  had  no  death  from  cholera. 
At  Meaii  Meer,  in  1867— 

The  lioyal  Artillery  470  strong. 

The  1 06 th  Regiment  77 2      „ 
^At  Umlmlla,  in  1867— 

The  21st  Hussars,      418  strong, 

The  94th  Regiment,  638      „ 

A  battery  of  R.H.A.,  144      ,, 

A  battery  of  RIL  A.,  133      „ 

The  Sepoys,  937      „ 

^  iJki  Lucknow,  in  1869 — 

Battery  R.H.A.,        131      „ 

The  5th  Lancers,       479      „ 

102nd  Regiment,       685      „ 

62nd  Regiment,         834      „ 

The  Sepoys,  1767      „ 

These  facte  show  that  the  hj^jwthe^is  of  an  epidemic  influence  produced  by 

ething  floating  in  the  air  is  incredible,  and  for  such  a  partial  distribution 

is  shown  above  would  be  impossible.     If  these  figui'es  prove  anything,  it 

I  that  the  causes  of  the  tremendous  loss  in  these  stations  is  not  a  generally 

,  cause,  but  a  well-marked  local  de%^elopmentj  having  narrow  limits,  and 

BBciimes  involving  only  a  single  barrack. 

At  Meenit,  in  1867,  wliile  the  Srti  Bull's  were  literally  more  than  decimated, 
|lk0  Huasare  and  Sepoys  were  as  healthy  as  if  they  had  been  in  Engbmd. 
~"   ;  figures  alao  show  that  the  supposition  that  the  dtflerence  in  morUility 
en  the  Europeans  and  Sepoys  is  owing  to  difference  of  flo<!ittl  habits 
lly  as  regards  latrine  arrangements)  is  nnlikely,  for  different  bodies 
opeana  in   the  same  station   suffer  as  diversely  as  Europeans   and 
epoys, 

Tlie  localising  conditions,  which  give  the  intense  spread  to  what  is,  no 
Bobt,  an  impc:)rted  agent,  must  be  r€'femble  to  either  soil,  water,  air,  or  food, 
Paulty  latrine  arrangements,  if  they  exist,  must  act  through  one  or  other  of 
media,  poisoning  the  ground,  or  air,  or  water.     The  inquiry  into  the 
i  spread  of  cholera,  if  concentrated  on  the  locality,  and  carried  to  the  ex- 
bion  c»f  every  possible  factor,  must  surely  solve  this  probleuL     It  is  as  in 
phoid  fever  at  home,  where  everything  often  seems  a  mystery  until  a 
inute  search  is  made,  and  then  what  seemed  inexplicable  is  found  to  be 
simple. 

But,  without  waiting  for  the  solution  of  the  cause  of  these  localisations  of 


*  The  ttrength  Is  the  average  strength  of  the  year,  and  lb  merelf  given  to  ahow  ih»  gaafliml 
fvlfttiofi  betwien  the  numben  and  the  deaiha. 


682 


FOREIGK  SHETICB. 


cholera,  the  fact  o{  the  localisation  points  out  prereiitiTe  zneiMifCi  iAbA,  m 
a  matter  of  n^Asoaable  precaution,  ought  to  be  taken  m  cfwy  Imci  n 
Upper  India  where  these  groat  outbrealLS  have  occurreiL  Thtm  mmm 
shuuld  lib  adopted  on  the  ground  of  femoTing  every  pOflriUt  loal  aa^ 
even  though  the  particular  precaution  maj  not  ba%"e  been  prmd  to  If 
necessaiy. 

L  The  influence  of  the  ground  sbould  be  excluded  hy  the  mod 
paving  and  cemt^ntlug  ever^'wherc,  and  hj  careful  examination  and 
under  every  floor. 

2.  A  fresh  water  supply  should  be  obtained  sit  any  cost,  be  bam  m  m 
doubted  source,  and  be  kept  sokdy  for  the  use  of  the  liarmcL* 

3.  The  cooking  arrangements  ahouldbe  entirely  remodelled,  and  t2»i^ 
of  every  article  of  food  carefully  considervd- 

4.  The  latrine  arrangements*  should  be  remodelled^  the  places  cIliQ^  ml 
the  system  at  eveiy  point  scrutinised  to  see  if  soil,  air,  or  water  can  ia  a? 
way  be  contaminate<l  by  percolation  or  emanatiou. 

If,  after  adopting  these  mejisures,  and  carrying  tbezn  out  fairly  in  ^tfB- 
tegrity,  an  outhrimk  still  occurs,  this  cannot  throw  doubt  on  tlijr  odCftiMi 
of  the  view  which  attwchea  so  much  weight  to  localisation  ;  it  will  asA}  ^ 
that  we  have  not  solved  the  problem  of  the  loc-alisiog  agency,  and  if  Mite 
local  sanitary  measures  can  be  adopted  it  seems  to  nte  that  the  banack  iMI 
altogether  be  abandoned,  But  I  believe  this  will  not  be  found  la  ^ 
necessary.f 

With  regard  to  Mean  ifeer,  which  has  suffered  so  Beve«ly  and  iOilte 
from  cholera,  it  is  a  very  important  fact  that  enteric  fever  lias  fnn&tdSili 
time  prevailed  at  that  stution,  as  in  1860-69-70.  In  the  two  btlitf  jfUii 
careful  examination  of  the  water  supply  was  made  by  Surgeon-Migoir  Slii^ 
of  the  85  th  regiment,  who  has  kindly  given  mo  the  evidence  on  UjajWii 
Although  his  view  has  been  disputect  the  facta  he  mentions  in  hia  idOaV^ 
me  have  convinced  me  that  in  both  these  years  the  water  was  the  medhoKi 
introductiim.  The  fact,  m  I  believe  it,  of  t)7>hoid  fever  being  thus 
by  well  Witter  (temporarily  used  in  the  absence  of  canal  water),  the  tin 
analysis  showing  faecal  iiii]*regnation  of  this  well  water,  and  the 
sources  of  ficcal  contamination  of  water,  all  seem  to  me  strongly  to 
that  cholera  evacuations  would  ako,  in  all  probability,  pass  into  ibt 
and  might  account  for  the  fe^irful  outbreaks  at  Mean  Meer.  At  any  rata 
can  be  no  doubt  that  mcNins  should  be  taken  to  entirely  close  the  welk^ 
are  occasionally  used,  and  if  the  canal  water  which  is  ordinarily  n«d 
not  give  a  suthcient  supply  at  all  times  of  the  year,  that  a  fresh  aoum 
be  brought  d:>wn  at  any  cost  The  strong  facts  given  by  Dr  P« 
respecting  Peshawur  prove  that  the  same  course  should  be  adopted  I 
station.  Theati  measures  are  imperatively  demanded  as  a  matter  of  ^ 
and  no  theoretical  arguments  that  the  water  is  not  to  blame  onglu  to  1* 
allowed  to  override  them. 

Fhthm^  in  India, 

The  amount  of  Phtbiais  in  India  is  a  highly  interesting  qni^tion,  aiui  ii 
the  followiug  table  I  have  calculated  the  adniiBsions,  deaths,  and  tnvmlMi^f 
from  this  cause  for  two  eucce^ive  periods  of  four  years  each ;  the  adrnf**^^** 
and  deaths  are  also  added  for  the  six  yeara  ending  1876. 

_   *  yhould  there  be  insuperable  diflicalty  attending  thiu^  much  gs>od  might  be  doM  hf  wp^ 
ing  the  barracki  with  distilled  water.     £ve&  boiling  the  w&ler  before  Usue  wovU  pfom?" 
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Phthim»j  including  HceinoptyM  per  1000  o/Sifeni/th, 


DeiDm 

tnvftUded 

TatAl  Dfiftthi 
ft  lGTtlld«4. 

'                  Bektgau 

i3W»ni-n  863-66).  . 

i  yew— (1867-70),  . 

7-500 

1707 

2729 

4-436 

10-080 

1752 

S-636 

5-388 

iyw»- (186^74),  . 

10-080 

1-870 

Bombay. 

ij«»-(1863-66),  . 

7-756 

1*526 

3-280 

4*806 

4  7tm^im7-70),  . 

&'186 

1.238 

3-576 

4-8U 

iyi«-(186»-74),  ,        . 

10*000 

1-670 

Madras. 

4yewiH-(1863-fl6)»  . 

11-526 

1-458 

3-656 

6114 

4  years— (1867-70),  . 

ir95(J 

1-336 

4*737 

6 '073 

e  y«w»— (186^74).  . 

13*000 

1*620 

regularly  the  causes  of  plitliisis  miist  be  acting,  is  seen  in  the  fact 
i  four  years,  1863-66,  74  men  died  from  phthisb  in  the  Bombay 
Bide&cy,  and  73  io  the  Madras  Presidency,  the  mean  number  of  troops 
agin  each  case  abnofit  precisely  the  same  (12,119  and  12,512).     In  the 
four  years,  with  a  smaller  number  of  troops,  53  and  55  died  in  the  two 
sidencies;.     In  the  Bengal  Presidency  the  deaths  are  higher,  hut  the  in- 
Vmliding  is  less,  so  thtit  the  slight  difference  ia  coni|>ensated.     More  men  died, 
'       *  fewer  were  sent  away, 

iThe  table  seems  to  me  to  show  clearly  that  the  immense  range  and  varia- 

of  climates  in  which  the  troops  serve  in  India,  produce  no  eflect  whatever 

,  the  produetion  of  phthisis ;  and  this  inference  ie  again  strengthened  by 

1  fact  that  the  mortality  in  Bengal  from  phthisis  is  almost  precisely  tho 

^  as  in  Canada  (1*707  and  1*71  per  1000), 

[If  the  Intlian  mortality  and  invaliding  ai'e  compared  with  the  table  already 

of  phtlnsis  in  the  home  army  (p.  609),  it  will  be  seen  that  there  is 

iedly  leas  plitliisis  in  India*     The  mortality  is  less,  and  the  invaliding  is 

"dw.     Therts  mn  bw  no  doubt,  then,  that  the  causes  of  phthisis  are  less 

[in  India  than  at  home;   and  if  these  causes  are  mit  climatie,  must  the 

Bttce  not  be  found  in  the  larger  breathing  space  and  greater  lateral 

tttion  men  have  in  India  ] 

It  would  be  interesting  to  have  some  certain  statistics  of  the  amount  of 

phthisLB  in  former  years,  when  men  were  moi'o  crowded ;   Ewart*  gives  tho 

deaths  in  the  Bengal  Presidency,  from  1812  to  1831,  as  2*6  per  1000  of 

Strength,  and  from  1832  to  1851-52,  as  1-8  per  1000.     In  the   Bombay 

Pwaidency,  from  1803  to  1827,  they  were  1-6,  and  feom  1828  to  1852,  1*4 

Jtt  1000.     Ewart  thinks  this  indicates  a  large  decrease,  but  doubts  whether 

His  may  not  b©  owing  to  more  accurate  diagnosis.     The  table  just  given 

^BerwB,  however,  that  in  Bombay  at  any  rate  the  deaths  in  the  years  1863-66 

^ke  OS  great  as  in  1828-52.     In  the  early  i>eriod,  however,  there  may  have 

nhea  less  invaliding.     In  the  absence  of  reliable  statistics,  the  question  of  tlio 

XsJative  amount  of  phthisis  now  and  formerly  seems  to  me  impossible  to  be 

^Pl¥lth  respect  to  the  cure  and  prevention  of  phthisis,  it  seems  a  great  pity 
to  send  phthisical  invalids  to  England,  where  th«y  die  at  Netley,  or  are  cast 
cMit  to  die  miserably  among  the  civil  population,  when  in  the  Himalayas  there 
aiedevated  localities  which  must  be  particularly  adapted  for  the  8uc:essfid 


*  VitAl  Statutics  of  the  Armiea  in  IndiA,  1853,  p.  164« 
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treatment  of  consumption-  When  means  of  commU 
is  posaible  that  wtj  may  s^e  phthisical  invalids  going! 
peake  of  tho  Himalayas,  and  why  should  not  the  | 
actually  in  India,  benefit  by  the  mountain  ranges  1  , 
at  an  altitude  of  10,000  feet,  would  bo  likely  to  ^ 
cases,  if  it  were  dia^osed  early,  and  then  if  the  ni 
on  the  hjwer  hill  stations,  they  would  probably  beco 
send  these  men  home  to  England,  is  condemning 
death*  Formerly  the  distance  in  India  would  hare) 
but  now,  by  proper  arrangements,  even  weakly  mel 
fill  parts  of  India,  Dr  Heraiann  Weber,  who  has  pj 
etfect  of  altitude  on  phthisis,  holds  very  decided  n 
oi'ect  of  such  an  arrangement^  and  has  already  vugai 
tion  of  the  authorities,  ! 

The  other  diseases  of  the  lungs  are  not  unknowi 
gives  a  mortality  in  Bengal  of  about  '5  per  1000  oi 
than  at  home  (  —  '571) ;  while  in  the  other  two  pi< 
this  araotint.  Acute  l}ronGhitiB  also  causes  in  all  th« 
almost  precisely  the  same  as  at  home  (-27  and  '285  | 

Loas  of  Service— European  Tr^ 

The  admissions  and  mean  daily  sick  have  been  dj 

As  compared  with  home  service,  a  larger  numbel 
doily  number  of  sick,  and  a  shorter  duration  of  case 
indicate  not  only  move  sickness,  but  the  presence  of  in 
which  shorten  the  mean  duration  of  all  cosea 

The  chief  causes  of  admissions  are  "  paroxysmal 
venereal  disease,  dysentery,  rheumatism,  integtimentfl 
afTections  {not  hepatitis).  Hepatitis  and  cholera  ca^ 
lar^e  mortahty.  [ 

With  regard  to  the  prevention  of  those  several  i 
said  on  the  chapter  on  the  Prevention  of  Disblase, 
much  m-dy  ho  done,  and  probably  the  sickness  and  I 
if  hill  stations  are  used  to  the  same  ratio  as  in  the  T( 

It  is  most  satisfactory  to  ^nd  that  the  sicknesi 
rapidly  falling,  owing  to  the  enei^etic  means  noil 
Government,  and  to  the  increased  sanitary  powei| 
means  of  tho  medical  officers. 

The  prevalence  of  venereal  disease  demands  aa  m^ 
in  Engiaml,  but  the  preventive  measures  will  be  mt 
lationa  and  proper  surveillance  are  now  being  enfol 
ore  estahliahed  in  many  places.  At  present  tweli 
allowed  to  marry,  and  it  has  been  supposed  by  mil 
cent,  could  he  m  allowed  This  is  much  to  be  desire 
Government  must  face  certain  results ;  proper  quarts 
places  for  di^^posal  of  the  women  in  times  of  service, 
for  married  men  not  to  move  regiments  too  freque^ 
giving  a  regiment  two  years'  service  in  the  hilk  aj 
adopted,  it  will  put  the  married  people  to  great  exp^j 
found  that  a  longer  hill  service  can  he  given  withod 


The  new  nhort  mstvIc*  «Y«tem  ^Ul  probably  chjuige  tbij 
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Invaliding  of  European  Troops. 

During  the  last  few  years  the  invaliding  statistics  of  Bengal  have  been 
ATen  with  great  care  by  Dr  Bryden.*  The  invaliding  ratio,  from  all  causes, 
m  the  Ben^  European  army,  has  varied  in  ten  years  (1861-70)  from  28*09 
to  63-98  per  1000  of  strengtL 

In  the  Bengal  army  the  ratios  were  per  1000  stren^h — 


Tears. 

Under  24.+ 

2Sto30. 

80  and  upwards. 

1865-70, 

26-55 

39-74 

78-34 

1871,     . 

25-95 

40-42 

68.14 

1%e  invaliding  is  high  during  the  early  years  of  service  ;  in  1871,  out  of 
S357  invalids  whose  residence  in  India  was  known,  1202,  or  51  per  cent., 
bad  been  only  from  one  to  three  years  in  India. 

The  chief  causes  of  invab'ding  are  phthisis,  heart  affections,  hepatitis,  and 
general  debility,  and  the  following  ^table,  from  Bryden,  shows  the  ratio  of 
these  classes  : — 


Chief  C*iuet  for  Invaliding. 

1  to  8  Years. 

<  to  10  Years. 

Above  10  Years. 

Phthisis,      .... 
Heart  Aifectious, 
Hepatitis,    .... 
General  Debility, 

10 
15 
17 
15 

7 

6 

15 

19 

4 

8 

16 

28 

Per  cent  of  Total  Invaliding, 

57 

47 

56 

The  total  invaliding  is  made  up  of  those  sent  home  for  discharge  and  for 
change  of  air.  From  one-third  to  nearly  one-half  of  all  invalids  are  in  the 
latter  category. 

Mortality  of  Native  Troops. 

Colonel  Sykes  gives  the  mortality  for  1825-44  as  18  per  1000  of  strength 
for  all  India  ;  and  for  Bengal,  17*9  ;  Bombay,  12-9  ;  Madras,  2095. 

In  Madras,  j&om  1842  to  1858,  the  average  was  18  per  1000  (Macpherson), 
ci  which  6  per  1000  each  year  were  deaths  from  cholera. 

Ewart  gives  the  following  numbers  (p.  36),  per  1000  of  strength — Bengal 
(1826-1852),  13-9;  Bombay  (1803-1854),  15-8;  Madras  (1827-1852), 
17-5. 

Taking  successive  quinquennial  periods,  there  has  been  a  slight  progressive 
decrease  in  mortality,  but  this  is  less  marked  than  in  Europeans. 

The  excess  of  mortality  is  chiefly  due  to  cholera,  dysentery,  and  fever. 

In  Bengal,  in  the  years  1861-67,  the  annual  mortality  per  1000  of  men 
preaent  with  the  regiments  was  14*57.  In  Madras  the  average  mortality  in 
aax  years,  1860-66,  was  12  6. 

The  following  table  gives  the  mortality  of  native  troops  per  1000  of  strength 
in  the  presidencies  of  Madras  and  Bombay  in  1870-71 ;  and  for  Bengal  in 
1870-71  and  1875. 


*  Vital  Statiatics  of  the  Bengal  Presidency,  1870  ;  and  7ih  and  8th  Reports  of  the  Sanitary 
CommiMioner  (Dr  Oaningham)  with  ..the  Gtovemment  of  India.  I  must  refer  to  these  elabo- 
rate reports  for  the  Ihll  details. 

•f  in  tlie  Anny  Medical  Reports  the  ratios  are  now  giren  for  each  biennial  period  up  to  SO 
I  of  i««.    (See  Report  for  1876,  vol.  zvii. ) 
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Bmgal. 

Bombaj. 

UnL 

1870. 

1871. 

187«. 

1870. 

1«X 

IK^.  , 

ITL 

Cholera, 

•76 

'84 

1-69 

... 

•8 

•55 

•a 

Small-Pox,   . 

•18 

0-20 

... 

... 

... 

~. 

Intermittent,  Remittent,  \ 
and  Continued  Ferer,  j 

4«6 

2-64 

2-66 

2  1 

2-4 

1-97 

n 

Apoplexy  and  Sunstroke, 

•28 

•18 

0S8 

•1 

•2 

•19 

1 

Dysentery,   . 
DiarrhoBa,     . 

1-94 

1-09 

0-92 

•4 

•4 

•27 

M^ 

106 

1-80 

0-82 

•4 

•1 

•86 

« 

Hepatitis,     . 
Spleen  Disease,     . 

•18 

•2 

0-10 

•2 

•2 

•19 

H 

•26 

•48 

0-56 

... 

•OS 

^ 

Respiratory  Diseases,    . 
Phthisis, 

8-22 

419 

817 

i'S 

81 

1-28 

•« 

•88 

1-04 

016 

•4 

•8 

•67 

-u 

Heart  Disease,      . 

•20 

•20 

0-77 

... 

•4 

•47 

•4 

Dropsy, 

•17 

•05 

0  08 

... 

... 

•75 

1     ^ 

Scurvy, 

Atrophy  and  An»mia,  . 

•17 

•08 

©•10 

-2 

•4 

-. 

•48 

•48 

0-36 

•1 

•1 

•47 

•w 

Wounds  and  Accidents, 

•20 

•20 

0-28 

... 

•1 

•11 

12 

All  other  Causes,  . 

•98 

1-80 

0-95 

2-8 

2-4 

2-98 

2-« 

Died  out  of  Hospital,    . 

•45 

•81 

0-66 

... 

... 

- 

Total, 

16-89 

15  04 

18 -55 

8-5 

10-6 

948 

8-$4 

SECTION  IX. 


CHINA. 
Hong-Kong. 

Although  the  English  have  occupied  Canton,  Tientsin  in  the  north,  a 
several  other  i)lace8,  yet,  as  their  occupation  has  been  only  temporary, 
seems  unmjcossary  to  describe  any  other  station  than  Hong-Kong. 

Garrison  of  Hong-Kong  about  1000  to  1500,  but  diilering  consideial 
acconliug  to  the  state  of  affairs  in  China. 

The  island  is  27  miles  in  circumference,  10  long,  and  8  broad  at  its  wid 
part. 

Gcoli)[]ij. — Tlie  liills  are  for  the  most  part  of  granite  and  syenite,  more 
less  weathered.  In  some  parts  it  is  disintegrated  to  a  great  ext-ent,  and  ch] 
beds  (lati^rite)  are  formed,  in  which  granite  boulders  may  be  embedd 
A''i(;toria,  the  chief  town,  stands  on  this  disintegrated  granite.*^  As  in  all  ot 
cases,  this  weathered  and  clayey  granite  is  said  to  be  very  al>sorbent  of  vrai 
and,  es])ecially  in  the  wet  season,  is  considered  very  unhealthy. 

Climate. — Mean  annual  temperature,  73"*  Fahr.  ;  hott^  month  (Js 
86°*25  ;  coldest  month  (January),  52"* '75  ;  amplitude  of  the  yearly  fluct 
tions,  33"-5. 

The  humidity  is  considerable,  about  10  grains  in  a  cubic  foot  of  air  in  Jd 
and  four  in  January. 

The  N.E.  monsoon  blows  from  November  to  April  ;  it  is  cold,  dry,  am: 

usually  considered  healthy  and  bracing;   but  if  persons  who  have  salfe: 

from  malaria  are  mucli  exposed  to  it,  it  reinduces  the  paroxysm.     The  S. 

monsoon  blows  from  May  to  October  ;  it  is  hot  and  damp,  and  is  considei 

enervating  and  relaxing.    The  difference  in  the  thermometer  between  the  r 

monsoons  has  been  said  to  be  as  much  as  46**,  but  this  seems  excessive. 

The  rainfall  is  about  90  inches  with  the  S.W.  monsoon. 

In  addition  to  Victoria,  there  are  two  or  three  other  stations  which  ha 

been  oce\i\AeCL  as  ftam\.^vs.,  VvL.,'^\ax^'K^^^fc'\\fcd  on  a  peninsula  on  the  sea 
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end  of  tlie  Inland,  and  about  100  feet  above  the  sea ;  and  Siiriran,  5  miles 
muA  of  Victoria.  Neither  station  si»«ms  to  have  answered  ;  tho  barracks  are 
▼Biy  bad  at  Stanley,  and  ore  exposcnl  too  mut^b  Ui  the  KE.  monsoon,  which, 
mi  certain  times,  is  cold  and  wintr}^ ;  during  tho  SAV,  monsoon  it  is  healthy. 
Sarivan  ha«  always  been  unbemlthy,  prohably  from  the  neighbourhood  of  rice 
fields.  Since  the  close  of  the  last  war  a  portion  of  the  mainland,  Cowloon, 
oppoeite  Victoria,  has  been  i:eded,  and  has  been  occupied  hy  trooi«8.  It  is 
said  not  to  be,  however,  even  so  healthy  as  Hon^Kong/  but  there  are 
differences  of  opinion  on  this  point 

Hong-Kong  has  never,  it  is  said,  been  considered  healthy  by  the  Chinese. 
The  chief  causes  of  unheal thiness  appear  to  be  the  moUt  laterite  and  weathered 
granite^  and  the  numerous  rice  fields.  Indeed,  to  the  latter  cause  is  ascribed 
by  «»ome  (Smart) t  the  grejit  unbeaHliiness,  especially  when  the  rice  fields  are 
diying  in  October,  November,  and  December. 

Lo^  causes  of  unheolthine^  existed  till  very  lately  in  Victoria.  In  build- 
ing the  barracks  the  felspar  clay  was  too  much  cut  into,  and,  in  addition,  the 
fteoess  of  air  was  impeded  by  the  proximity  of  the  hills.  The  S.W.  monsoon 
was  entirely  shut  out     Till  lately  sewerage  was  very  defective. 

Owing  probably  to  these  climatic  and  local  causes,  for  many  years  after  its 
occjopation  in  1 842,  IIong-Kong  was  excessively  unheallby.  Malarious  fevers 
irere  extremely  common,  and  not  only  so,  but  it  is  now  known  that  typhoid 
fever  has  always  prevailed  there  {Becher  and  Smart).  Dysentery  has  been 
extremely  severe,  and  has  assumed  the  peculiar  form  of  lientery.  This  was 
noticed  in  the  first  China  war,  and  appears,  more  or  less,  to  have  continued 
since.     In  addition  to  these  diseases,  phthisis  appears  to  have  been  frequent 

There  have  been  of  late  years  such  frequent  w^ars  in  (?hina,  that  the  exact 
amount  of  sicktiess  and  mortality,  due  to  the  climnte  of  Hong-Kong,  cannot 
be  well  determined.  Btat  it  is  bectmiing  much  he^ilthier  than  in  former  years, 
owing  to  the  gradual  improvement  in  sanitary  matters  which  goes  on  from 
jeftr  to  year.  In  1865  there  was,  however,  much  sickness,  owing  apparently 
to  orarcrowding,  and  to  bad  accommodatiom 

In  the  Statistical  Eeporta,  the  troops  8er\'ing  in  Hong-Kon^  Cowloon, 
Canton,  and  Shanghai,  are  cliLBsed  together,  so  that  the  inlluence  of  Hong- 
Kong  per  He  cannot  be  known. 

In  the  years  18.59-66,  which  include  years  of  war,  the  admissions  in  South 
''^-*ti  averaged  2131,  and  the  deaths  56"25,  or,  exclusive  of  violent  deaths, 
J  per  1000  of  strength,  and  there  was  in  addition  a  large  invaliding, 
t  .irnxysmal  fevers  gave  G09  admissions  and  7^77  deaths  ;  continued  fevers, 
25*25  admissions  and  4  17  deaths  ;  and  dysentery  and  diftrrh<x*a,  249  admifi- 
miOB  and  16*3  deaths  per  1000.  In  later  years  the  mortahty  was  less  ;  in 
18$9-70,  it  was  16-02,  and  in  1871  only  5-82  per  1000  of  strength,  and  of 
these  only  3*88  was  from  disease.  In  1875  it  waa  9 "44,  It  is  evident  that 
the  cauaes  of  sickness  and  mortality  are  now  being  brought  under  control  J 


^  Sw  Report  of  Stirgeoa  Bnell,  Aimj  Medlcnl  Report,  vol.  v.  p.  360,  for  th^  cauaes  of 
Hie  imbeAltEiD««M  of  Cowloon, 

t  Tf«os4ction«  of  the  Epid.  8oc..  vol.  L  p.  191.  Thin  paiier  thould  be  coiviilted  for  sn 
iftodJani  Acooant  of  Uotif^  Kong*  and  of  the  diseases  among  dailon  especiallf . 

Z  AuBtralia  andJfem  Zealund, — The  withdrawal  of  the  troopfl  ^tn  theae  oolomii]  renders 
U  iiTinfirrinnTy  to  giir«  any  Btativtical  details. 


CHAPTER  V. 
SERVICE   ON  BOARD   SHIP,* 

Seryigb  oh  board  ship  mtuat  be  dlWded  into  tbxee  Bectaonfl^ 
three  difftsrent  kinds  of  service 

1.  Transport  ships,  for  the  conveyance  of  healthy  soldiers^  their  wim  lal 
children,  from  place  to  pkce,  or  for  conveying  anmU  parties  of  tiuope  in  dmgt 
*)f  convicts 

2.  Transports  for  conveyance  of  sick  from  an  army  in  the  field  to  an  hoi|Htil 
in  rear,  or  from  a  foreign  Btation  to  a  aanitaiium,  or  home.  Although  the  tBtm 
is  a  little  odd,  it  is  convenient  to  call  these  ships  Sick  Transports 

3.  Hospital  ships,  intended  for  the  reception  and  treatment  of  the  aick 

*  Altliougli  th(3  condJtionR  of  life  on  board  ship  art  most  ImportaDt,  it  is  not  poMiUn  far  »% 
with  due*  npgard  to  apace,  to  enter  into  the  subj^i.  Bat  tbe  nficewity  of  llicpttivg^  ^adlrl* 
been  well  Rhowa  by  a  very  valuable  easaj  of  0r  Hattniy's^  read  before  tbe  Medio»-C&ira|ria( 
Society  in  1872,  and  from  this  I  extract  a  few  nointa  of  sreat  intensst^  In  H.M.  ft^^ 
BrTHlol,   VLS&I  for  training  of  cadets  (wooden  iiuip,  Tvotiuttcd  cliiefly   with  viadMlfli^^ 


results  of  151)  analyses  of  the  air  b«twebQ  decka,  during  voya^to  tfae  Ciipc  and  ^ 

aleepiug  cubic  apace  105  to  222  cubic  feet  for  th«  crew,  and  from  242  to  503  for  oMietiH'^ 
that  the  impurity  woa  immense ;  the  average  COj  waa  no  leaa  than  10 '4  ToIiuiMt  per  ML 
with  a  range  of  from  4*2  up  to  3371  volumes  in  th«  most  crowded  parts.   The  naaoB^  m  4^ 


of  this  most  unUBual  amount,  it  not  ^nJy  grvat  crowdingi  Stat  a  c^natwit  iwidviB  ^ 
impurity,  arising  from  continued  oconpatioii  and  very  alow  renewal  of  air.  In  paiti  •!■>  tit 
prodnctK  of  comDustton  accumulate.  Rattray  nieution^  that  lime-wash  aoon  gvta  JJitiiiliMiid. 
and  efferve«cea  with  acid.  In  the  tronioi,  although  the  ship  wis  more  open,  the  air  ma 
imnure  as  in  colder  regions,  owing,  no  doubt,  toita  greater  at^muunr.  Siil^mlled  MmS 
aoa  sulphide  of  animonium,  derived  from  decomposition  of  the  su^bAies  m  hflj^^if^fc^ 
from  rotten  timber^  and  from  decomposing  ejtcreta,  existed  in  conaidermbl«  tlTft,  ii* 
i)00578  to  '04^4&  Tolumes  per  lOOO  (the  latter  wae  in  the  bil^re) ;  ft  wm  nustft  whoitJI 
crowding  was  greatest.  Ammonia  waa  al'ao  in  large  amount ;  ozone  was  deficient,  mi  «W 
almojit  wanting  in  the  lowest  parts  of  the  ship  ;  the  quantity  of  anbrtaaeaa  decoaiMMM 

r}ta.^ic  ]^)«rmang»nnt«  was  great^  1  millimmnic  of  permanganate  being  iliMtl ujid  M  Am 
cubic  feet  (iii  tlie  cells}  to  12  cubic  feet  Uower  deck^.  Aj  regaida  tempevmtare.  t&t  tfriM 
cooler  by  night  than  day,  but  was  wanner  by  3"  or  4^  than  the  external  air.  Tie  ioip  '  ' 
matters  in  the  air  of  th«  .^Iiip  were  lar^e  in  amount,  and  ooosisted  of  debria  of  wdo4.  i 
soil^  rope,  clothing,  epithelium,  and  gritty  matter ;  3  grains  of  fine  greyish  dost  fnm  bi^^.^ 
the  beamfi  of  the  lower  dock  gave  7«J'3i  per  cent,  of  de8tnictiblc  matter*  and  ^"^f  BiriMt 
of  niin«'ral  giilistanoe.  In  the  air  of  the  low^r  and  main  deck,  there  were  mistile  KfaMTtoal 
legii  of  injects,  and  small  round  and  ovnl  ittar  to  those  described  by  loinmiTniP 

Trautman.     Dr  Rattray  points  out  the  torious  effect  of  Kn^fi^^ng  ^^  ^  m*^^ 

sphere  03  this  on  the  great  function  of  res|  ....l.  ..  ,.;. J  aeration. 

The  following  examination  of  bilge-water,  collected  seren  dars  lifter  the  MW  htti  Wm 
sluiced,  i.H  of  Interest.  The  speciflc  gravity  {at  74"  Fahr.)  was  I(j^1,  theee«-««l5  belM  Nff 
(temp.  Tl""^ ;  there  was  a  tolerably  clear  ^upemntant  strongly  alkaline  flaid^  irith  »  firiU 
smell,  and  evolving  sulphuretted  hydrogen  in  suflident  amount  to  darken,  in  llt^  mmtb^ 
paper  soaked  in  acetate  of  lead  solution,  and  held  over  it.  There  was  a  copioaa  dar^  |uHt 
offensive  sediment,  showing  uudtr  the  mioroacope  small  particles  of  wood,  •^irj,  oodC  wH 
wash,  kc  It  is  clear  that  the  sea-water,  after  passing  into  the  ship,  became  "«fM*flii' 
was  acted  on  by  various  organic  matters. 

Seven  specimens  of  bilge-water  examined  at  Netley  by  Drs  Ifa^onald  and  de 
from  iron,  wooden,  and  cminjosite  ships  (eca-water  with  solids  varying  trom  SS^l  lo  1__ 
per  gallon),  at  first  containetf  sulphuretted  hydrogen,  but  after  four  mTmtbi'niiiii— id  |a  1 
corked  bottles,  the  sulphuretteii  hydrogen  entirely  disappeared;    there  weie 


sulphides.  This  showN  tliat  the  (trocfuction  of  BH,  occurs  from  changes  produced  is  Iht  U^ 
water  by  the  materials  of  the  ship,  and  does  not  go  on  when  the  bilge  ia  lexnorvd  Ikaaftt 
influence  of  the  ship.  It  was  as  great  in  iron  as  in  wooden  ahipe.  l%ere  waa  naiittiiteal 
and  only  a  trace  of  nitrous  acid  in  the  bilge  ;  the  free  ammonia  waa  very  email  in  Mio«n^  al 
the  albuminoid  ammonia  varied  from  -8  to  I  milligramme  ptf  litre.  Ae  alMtiaee  e^  life  «W 
remarkable ;  there  w  er*  only  a  few  dead  orgauisms,  and  these  seemed  aa  If  aUeiiiaated  i 
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sectio:n  l 

TRANSPORTS  FOR  HEALTHY  TROOPS. 

^       \ie  nse  of  Govemraent  transports  baa  very  much  altered  the  duty  of  medi- 

^il;  i  officers  on  board.     The  transports  are  reaUy  men-of-war,  ?>.,  officered  by 

te  Hoyal  Navy,  and  under  naval  regulations     The  medical  officer  of  troops 

•18  therefore  nothing  to  do  with  the  vessel  and  it«  armngemonta     It  secnia 

^'  iprobalilc  that  hired  transfMirts  will  be  much  if  at  all  used  in  future,  and 

fore  it  is  not  neceasary  to  go  into  the  details  given  in  the  former  editions 

work. 
.  caae  there  should  "b©  any  service  of  the  kind^  the  Queen's  Regidations 
BOQ  xxii,  Duties  on  Board  Ship)  and  the  Medical  Regulations  (part  iv. 
Son  V.)  have  to  be  carried  out, 

SECTION  IL 


TRANSPORTS  FOR  SICK  TROOPS. 

Ko  specific  regidations  are  laid  down  with  respect  to  these  hired  ships,  but 
I  would  b©  very  de.simble  to  have  some  set  rules  with  respect  to  space,  diet, 
fittings.  Invalids  are  iiuw  eiirried  from  India  and  the  Colonies  in  Govern- 
lient  tmnsports  ;  occasionally  hired  transports  are  nsed.  At  piesent  the  diet 
|if  invalids  on  board  the  hired  transports  is  not  good.  In  respect  of  fittings, 
Ffce  use  of  swinging  cots  for  feeble  men,  and  well  arranged  closets  for  dysenteric 
IBBB,  are  verj^  iniport-imfc.  Ho  iUbo  with  the  cooking ;  the  coarse  ship  cooking 
I  a  greiit  trial  to  many  patients.  If  there  is  need  of  Government  tTansporta 
I* or  healthy  nien^  the  necessity  is  stiU  greater  for  sick  men* 
"  As  far  as  possible,  the  sick  should  be  treated  on  deck  in  fine  weather,  a 
~  awning  and  a  comfortable  part  of  the  deck  being  aj>propriated  to  them, 
lif've  that  it  would  be  a  good  plan  not  to  send  home  officers  and  sick  men 
the  Hamu  slap,  but  to  have  officers'  ships,  so  as  tc^  give  up  the  pofjp  to  the 
&n  in  the  ships  which  carried  them.  This  division  will  be  a  gain  to  both. 
In  tirae  of  war,  sick  tmnsports  arc  largely  used  to  carry  troops  to  hospitals 
rear  For  this  puri)ose  good  roomy  steamers  must  ba  chosan-  For  economy's 
Ice,  they  -svill  genendly  he  large,  and  probably  with  two  decks  ;  they  should 
sr  have  more,  and  indeed  a  single  deck  is  better.  But  if  with  two  decks^ 
sjwice  should  bo  separately  ventilated  l>y  tulR'^%  so  as,  as  far  as  posdhle, 
to  prevent  passage  of  foul  air  fn:*m  the  lower  t<3  the  upi^r  deck.  All  the  worst 
«3S  should  he  on  the  upper  deck,  e^jjecially  surgicid  cases. 
The  decks  of  these  vessels  should  he  as  clear  as  possible,  bo  that  men  can  be 
ated  on  deck.  An  apf^aratus  shoidd  be  aimnged  for  hoisting  men  on  deck 
[>m  below. 

It  has  been  proposed  to  fit  these  ships  with  iron  bedsteads,  and  no  doubt 
lis  gives  the  men  more  space  ;   but  a  l>etter  plan  still  would  probably  be  to 
BVe  short  iron  rods,  t^  which  every  cot  could  be  suspended.     The  sick  men 
^ht  be  c^irried  in  their  cota  on  htjard,  and  again  removed.     If  the  rods  are 
le  about  14  inches  high,  and  bent  in  at  the  top  so  as  to  form  a  hook,  a  cot 
hung  easily,  and  will  swing.     There  is  space  enough  below  to  put  a  close- 
'  stool  or  pan  under  the  man  without  stuTing  him,  if  a  flap  is  left  open  in  tho 
canvas,  and  a  hole  left  in  tlie.  thin  mattress, 

Fixed  berths  are  not  so  good,  but  some  must  be  provided.  Some  cots  cun 
awing  from  the  top,  and  some  men  can  be  in  hammocks.  Probably  every  sick 
trannport  should  have  all  these,  viz.,  iron  bedsteads  at  some  points  fastened  to 
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tlio  deck,  iron  standarda  for  swingitig  cotfi,  eota  Budngiag  fsom  ^ 
hiiTihSj  and  Immmocka. 

Ill  these  8ick  transports  the  kitd  and  clothes  must  be  itov^  tvij 
they  are  often  very  dirty  and  offensive,  and  sometliiKeft  curj  (he 
tjphiLi)  and  other  dis«4ises,  the  place  vrhere  they  are  put  flhooU  bi  i 
fumigated  with  nitrous  and  sulplnirous  acid  altenuileljr.  Bobal 
mentions  that  dirty  clothes  and  bedding  may  he  soon  'WiahMi  iiw 
irLg  oatmeal  with  salt  water. 

Directly  a  sick  transport  haa  landeii  the  mck^  the  isrhofe  pboe 
tliorouglily  washed  and  scmpedi  then  the*  walls  and  ceiling 
washed,  and  the  between-decks  constantly  fumigated  till 
when  freah  sick  embark. 

SECTIOX   DX 

HOSPITAL  SHIPS. 

Tliese  are  ships  intended  for  the  reception  and  treatnieDt  of  fli0  a 
ing  hf>spitals,  in  short  Whenever  operations  ar^  undertaken  aloDg  i 
and  especially  when  a  force  is  moving,  and  places  for  fixed  hospit 
he  assigned^  they  are  indispensable.  They  at  once  i^eve  1 " 
very  heavy  encumbmnce,  and,  by  the  prompt  attendance 
to  the  sick,  save  many  lives^  They  should  always  be  or^^ 
meneement  of  a  campnign.  In  the  late  Abyssinian  war  three  hm 
were  ii«e(i  Their  fittiDg  out  was  carefully  superintended  by  DeDutr- 
Genend  I>r  Mjis^y,  and  appears  to  have  answered  admirably,  A  full 
one  of  the^  ships  ("  Queen  of  the  South  ")  was  given  by  the  late  Stt 
Charteris,  to  which  reference  may  be  mada  The  ventilatioD^^j 
the  amount  of  earbomc  acid  (708  per  1000  volumes)  vrwBi 
Huperficial  spaoe  between  decks  per  man  was  on  the  night  ' 
154  feet,  and  the  cubic  spaee  no  less  than  1076,  l>uriiig  the  Ail 
(1875-4)  the  line  of  battle  ship  "  Victor  Emanuel  *'  waa  used  as  a 
ship,  and  was  most  Bucce^ssfuL  A  very  full  and  detaOed  aoootmt  of  i 
by  Surgeon-Major  T.  >L  Bleckley,  CLE,  in  medical  chajge  (aee  Aim 
Eeports,  YoL  xv.  p,  260.)  The  floor  space  per  head  was  genenlly 
square  feet,  and  the  cubic  space  about  480,  although  it  was  origiiudly 
to  be  less. 

However  convenient^  and  indeed  necessary,  they  ai«,  it  most  1 
undeistood  that  they  are  not  eciual  to  an  hospital  on  shore.  It  if  i 
to  ventilate  and  cle^n  them  thoroughly.  The  space  is  small  betWB 
The  wood  gets  impifguated  with  effluvia,  and  even  sometimes  tin 
contaminated*  I  have  been  informed  by  Dr  Becher^  late  pathf 
China,  that  even  in  the  very  best  of  the  hospitals  usod  thera^  it  ' 
clear  that  in  every  wound  there  was  evidence  of  a  slight  gangi^noiis  1 
In  fact,  it  is  perhaps  impossible  to  prevent  this,  except  by  the  most 
au^iseptio  tnmtment. 

The  principle  of  separation  should  be  carried  out  in  theee  shipt— 
for  wounded  men,  aunther  for  fevers,  a  third  for  mixed  ca&tt  •  i 
cannot  be  done,  separate  docks  should  be  assigned  for  wounds  nxmi 
casea  In  fine  weather  the  sick  should  be  treated  on  deck  undv 
The  betweon-de<.^k8  must  be  thoroughly  ventilated^  and  all  mei 
fumigation,  fre^juent  lime  washing,  i&a,  must  be  constantly  « 
Cliarcoal,  also,  in  substance  shotdd  be  lai^ly  used,  and   k,  in  i 

•  I  Jmve  to  thttTik  Dr  Woorlvrsird  for  blowing  me  to  road  hia  «aEceUeDt  BMMit  tm  tl 

iliip  "  Mjiiiritiua;'*  whicli  wtw  jUiio  ejiiployod  in  AbyaainJju 
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illdispetisabla  Warming  by  stovea  must  be  used  in  damp  and  cold  weather^ 
and,  if  so,  adyantage  should  be  taken  of  this  sotiicms  of  heat,  and  of  all  lights, 
to  improve  ventHatioa 

8hi|)s  of  one  dock  are  better  than  two  ;  but  as  they  will  hold  a  Tery  small 

l»cr  of  sickp  two  decks  are  commonly  used     But  not  more  than  two 

.s  should  be  used ;   and  if  there  be  a  third  or  orlop  deck,  it  should  be 

L     ki^t  for  storesL     Somotinica,  if  there  are  two  docks^  the  iipf»er  deck  is  used 

I     for  offioezH  and  the  lower  for  troops  but  the  reYcrse  arraugement  should  be 

I     adopted. 

I  The  ventilation  of  the  between-decks,  in  addition  to  Edmond's  plan,  should 

I  lie  carried  on  by  tubea,  which,  if  the  central  shaft  is  acting,  will  be  all  inlets, 
I  mad  can  be  so  arranged  as  to  cause  good  distribution  of  the  air. 
I  The  fittings  of  an  hospital  ship  should  be  as  few  and  simple  as  po^ible, 
fc  lid  invariably  of  iron.  Tables  should  be  small,  and  on  thin  iron  legs. 
^^S^'^^^^'S^  <^^  (^  noticed  in  the  former  section)  are  indispensable  for  wounded 
iBon,  and  the  appliances  for  the  receiving  and  removing  the  ejDcreta  of 
dysenteric  and  febrile  patients  must  be  carefuOy  attended  to.  Berths  should 
not  be  of  wood^  but  of  iron  bars,  which  are  much  more  easily  laid  bare  and 
deaned 

The  supply  of  distilled  drirddng  water  should  be  as  large  as  possible,  and 
«  good  distilling  apparatus  should  be  on  board,  whether  the  vessel  be  a 
flKsamer  or  not 

The  laundry  arrangements  are  most  important,  and  I  believe  it  would  be  a 
good  plan,  on  a  large  expedition,  to  have  a  small  ship  converted  entirely  into 
m  laundry.  It  would  not  only  wash  for  the  sick,  but  for  the  healthy  men 
mlasK  80  also  a  separate  ship  for  a  bakery  is  an  im|jortant  point,  so  as  to 
luve  no  baking  on  board  the  hospital  ship. 

On  board  the  hospital  ship  there  should  be  constant  fumigation;  lime- 
wwhing,  whenever  any  part  of  the  hospital  can  be  cleaned  for  a  day  or  two, 
and,  in  fact,  every  other  precaution  taken  which  can  be  thought  of  to  make 
iho  floating  hospital  equally  clean,  dry,  well  aerated  and  pure,  aa  an  hospital 
an  ahore. 

On  board  hospital  ships  it  is  often  easy  to  arrange  for  sea-bathing  and 
doaching  ;  it  should  never  be  foi^otten  what  important  curative  means  these 
ara 

In  case  pyaemia  and  erysipelas,  or  hospital  gangrene  occur,  the  cases  must 
be  treated  on  de^rk,  no  matter  how  bad  the  weather  may  ba  Good  awninga 
to  protect  from  irind  and  rain  can  be  put  up. 

If  cow^  or  goat*  ore  kept  on  board  to  supply  milk,  their  stalls  must  be  kept 
thoroughly  cleaned     But  generally  it  is  better  to  obtain  milk  from  the  shore 
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trade  of  the  soldier  is  war.     For  war  he  is 
As  a  force  at  the  command  of  a  govema 
agent  for  maintaining  public  order;  hut  this  is  I 
oocaaionally  called  for,  when  the  civil  power  is  incol 

Id  theory,  an  army  should  be  so  trained  for  war  ( 
field  at  literally  a  moment's  notice.  The  various  p 
be  so  organised  that,  almost  as  quickly  as  tlie  id 
brought  together  at  any  point,  proEipt  to  commeno< 
by  which  a  body  of  men  are  moved,  fed,  clothed,  ] 
tions  of  war,  maintained  in  health,  or  cured  if  sicl 
all  the  engineering,  mechamcal,  and  strategical  and  I 
constitute  the  art  of  war. 

That  an  organisation  so  perfect  shall  be  carried  oi 
its  parts  shall  be  equally  efficient ;  if  one  fails,  t| 
dowTL  The  strength  of  a  chain  is  the  strength  of  j 
may  be  said  with  equal  truth  of  an  army.  Commifl 
and  engineenng  appliances  are  as  essential  as  the  sj 
It  is  a  ixarrow  and  a  dangerous  view  which  sees  in  '^ 
of  the  soldier,  without  recognising  the  less  seen  a| 
the  soldier  shall  be  armed,  fed,  clothed,  healthy,  an< 

During  peace  the  soldier  is  trained  for  war.  W 
for  war  1  Not  merely  that  the  soldier  shall  he  t| 
with  effect,  and  to  act  his  part  in  that  machine,  wheij 
accuracy  is  imprinted  on  human  beings,  but  that  h 
meet  jiUil  individually  cope  with  the  various  condll 
so  much  from  those  of  peace. 

It  is  in  the  nature  of  war  to  reinduce  a  sort  of  1 
appliances  of  peace,  wMch  tend,  almost  without  i 
clothe,  and  feed  us,  disappear.  The  man  reverts  il 
dition,  and  often  must  minister  as  he  best  may  to  hi 
the  State  will  aid  Iiim  in  tliis ;  hut  it  is  impossible 
in  peace.  Oft-en,  imlocd,  an  army  in  war  has  mail 
independence  of  its  base  of  eupplies,  and  in  almost 
more  or  less  of  this  independence  of  aetiom 

In  peace,  the  soldier,  as  far  as  clo tiling,  feeding,  ai 
concerned,  is  almost  reduced  to  the  condition  of  a  pt 
is  done  for  him,  and  oil  the  ai:>plian€es  of  science  are 
labour  and  to  lessen  cost  Is  tliis  the  projier  plan 
tions  of  war,  ought  not  a  soldier  to  be  considered  in 
who  may  suddeiily  he  called  upon  to  quit  the  applil 
who  must  depend  on  birTiaelf  and  his  own  powers  li 
and  even  subsistence  1  ' 

There  is  a  general  impression  that  the  English 
unaccustomed  aircnmstances^  can  do  nothing  fay  ' 
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«>,  it  IB  not  the  fault  of  the  man,  but  of  the  system,  wliicli  reduces  him  to 
such  a  state.  That  it  ia  not  the  fault  of  the  man  is  shown  by  the  fact  that, 
however  helpless  the  English  soldier  may  appear  to  bo  in  the  first  campaign, 
hs  subsequently  becomea  as  clever  in  pro\^ding  for  him843lf  as  any  niaiL  The 
Crimean  war  did  not  perhajjs  last  long  enough  to  show  this,  but  the  Peninsular 
war  proved  it.  The  soldier  there  learned  to  cook,  to  house  himself,  to  ehelter 
himself  from  the  weather  when  he  had  no  house,  to  keep  himself  clean,  and 
to  mend  and  make  his  clothes.  Was  it  not  the  power  of  doing  these  things, 
as  well  as  the  mere  knowledge  of  movements  and  annf*,  which  made  the 
Duke  of  WeEington  say  that  his  army  coulil  go  anywhere  and  do  anything  f 
And  the  wars  at  the  Cape  and  in  New  Zealand  have  shown  that  the  present 

§of  soldiers,  when  removed  from  the  appliances  of  civilised  life,  have  not 
this  power  of  adaptation. 
iie  English  soldier  is  not  holpli3S8 ;  he  is  simply  untrained  in  these  things, 
80  long  as  he  is  untmined,  however  perfect  he  may  be  in  drill  and 
VUitKBUvre,  he  is  not  fit  for  war.  The  campiign  itself  should  not  be  his 
tutor;  it  must  be  in  the  mimic  campaigns  of  peace,  in  which  the  stern 
lities  of  war  are  imitated,  that  the  soldier  must  bo  trained  Our  present 
l-days  represent  the  very  acme  and  culminating  point  of  war,— the  few 
Inight  momenta  when  the  long  niarclies  and  the  wearisome  guards  are  rewart*ed 
by  the  wild  excitement  of  battle ;  but  the  more  common  conditions  of  the 
campaign  ought  also  to  find  their  pamllel  Since  the  Crimean  war,  much 
has  been  done  to  instruct  the  soldier  in  the  minor  arts  of  war.  The  estabhsh- 
ment  of  camps  has  to  some  extent  familiarised  him  with  tent  life  j  the  fiyiiig 
columns  which  go  out  from  Aldewhot  show  him  something  of  the  life  of  the 
biroUAC^  and  the  training  in  cooking  \vhich  Lor<i  Herbert  onlered  is  te^iching 
him  how  to  prepare  his  foo^l  The  Autumn  Manceuvres  have  extended  this 
^stem,  and  are  now  making  him  famihar  with  the  chief  conditions  of  the  life 
in  eampaigns. 

A  campaign  can  never  be  successful  unless  the  men  are  heiilthy.  How  are 
men  to  be  trained  so  as  to  start  in  a  camimign  in  a  heathy  condition,  and  to 
be  able  to  bear  the  manifold  trials  of  war  1  The  answer  may  he  given  under 
three  heads — 

PI,  Preparation  for  war  during  peaca 
2.  Entry  on  war. 
3.  Actual  service  in  war. 


SECnOK  L 

PREPARATION  FOR  WAR  BrTRING  PEACE. 


The  various  conditions  of  war,  which  are  different  from  those  of  peace, 
•re — 

1.  Estposure  to  the  Weather, — It  is  a  constant  observation  that  men  who 
bftTe  led  out-door  hves  are  for  more  healthy  in  war  than  men  whose  occupa- 
tioiia  have  kept  them  in  houses.  The  soldier's  life  should  Im?,  therefore,  an 
cut-door  one.  This  can  only  be  done  profwrly  by  keeping  liim  in  tents  during 
the  smnmer.  It  would  be  well,  in  fact,  to  tent  the  whole  army  from  the 
middle  of  May  to  the  end  of  September  every  year.  The  expense  should  be 
looked  on  as  a  neceeaaiy  part  of  the  military  establishments.  Woo4len  huta 
are  too  like  ordinaiy  banracka  As  the  soldier  has  often  to  sleep  out  in  war, 
he  ahoukl  be  accustomed  to  this  also  in  peace—warm  summer  nights  being 
first  selected  to  train  him.  It  will  soon  he  found  that  he  will  very  soon 
acquire  the  power  of  resistance  to  cold*     This  pkn  will  ciso  Itiil  V\\^  mVI^Vj  ^V 
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his  clothea*  It  has  been  found  by  ei 
even  delicote  persona  can  bear  sleeping  out  at  nj^ 
weather,  without  injury,  provided  there  be  no  muL  I 
Bumiaer,  it  would  be  well  to  expose  the  men  even  to  I 
being  adapted  for  this,  by  the  supply  of  waterproof^ 
Autunin  Manreuvree  this  plan  might  be  tried  with  i 

At  the  Banie  time,  it  ib  important  to  have  the  m 
both  when  in  tent  and  lying  in  the  open  air,  in  all  o4 
may  be  moiiit,  or  cools  rapidly  during  the  nigli 
hammock  has  been  invented  by  Captain  M^Quiroi 
woollen  material,  which  is  suspended  on  two  stickal 
It  makes  a  comfortable  bed,  and  keeps  the  body  V€i 

It  may  be  thought  that  training  of  this  kind  IJT  j 
be  left  to  the  campaign  to  accustom  the  men  to  exi 
case ;  a  number  of  men  are  rendered  ineflicient  a| 
campaign  simply  by  the  unaccustomed  expoeure,      J 

%  Tent  ami  Camp  Li/e^i — The  pitching,  atrikiQ 
(see  page  558) ;  the  digging  trenchee  round  the 
general  surface  drainage  y  the  arrangement  of  the  , 
should  all  be  carefully  taught  So  also  the  camp  lil 
be  closely  imitated,  and  the  rules  of  conservancy  mi 
a  means  simply  of  teaching  what  will  be  of  such  int 

3.  Coo  fang  of  Fofid, — No  doiibt,  in  future  wl 
endear  our  to  supply  pn^pared  and  cooked  food  (seel 
the  cost  of  transport  and  the  labour  of  the  soldier,  i 
be  dejjended  upon,  the  soldier  must  be  tmined  to  ^ 
This  ehould  not  be  done  for  him  ;  ho  ought  to  do  I 
appUances  he  would  have  in  war,  viz.,  his  camp 
pUte  " 

At  the  commencement  of  a  campaign  many  men } 
suffer  from  diarrhoea,  from  the  food  being  badly  co4 

In  the  Peninsidar  war  the  men  beomie  admiml 
large  camp-kettles,  intended  for  half  a  company,  vri 
on  horses.  They  did  not  answer,  and  the  m^n  II 
wartls  snialk'T  canip-kettlea  were  supplied,  on©  for  { 
Luscorobe  mentions  that  the  supply  of  salt  waa  foul 
point ;  he  says,  he  had  no  idea  of  the  value  of  this  ^ 
way  in  which  the  men  saved  every  httle  particle ;  % 
and  even  vegetable  food  is  unsavouiy. 

In  the  French  army  on  service  8  or  10  men  form  4 
"eseouade/*  They  have  between  them  one  ketl 
weight  1-7  kilog.)j  one  large  bowl  (grande  pamelte, 
IsLTge  driidciiig  vessel  (tjrmtd  bidanj  weight  1-5  kilpg 
peraonal  use  a  small  bowl  (petite  <jamsll«),  and  a  sq 
iuiony  They  are  all  of  tinned  iron.  All  thew  i 
men,  the  laig€ir  vessels  being  taken  in  turn  by  the  n 

♦  In  rtfere&oe  to  what  wa^  said  (p.  677)  of  the  great  iniporii 
for  men  who  il«ep  out  at  night,  an  old  ohsemttion  of  Doniud  M 
tbftt  in  17dO  the  greater  beiLltli  enjoytnl  bj  the  AostriAii  Hujuini 
to  the  hal/'bootfi,  and  the  kt^e  cloalc^i  with  hood«  Gorried  by  th« 
Mrvinff  the  Health  of  the  Army  (2d  t-dit.  lim,  p.  7). 

+  I  Buiy  ref«r  here  for  fullpr  details  to  «omc  excellent  tri| 
Gwmjuif  «tid  Bmaift,  eapfcially  by  Dr  Roth  (Diia  Ztltlignr  I 
Hol^m.  186«h  and  by  Dr  Heyfelder  (Dua  Lag«r  auf  der  Kntu 

t  Reference  has  jilnsivly  been  mmle  to  the  Tery  luefxU  p--*-**'^ 
Wolseley,  which  givea  fviil  dulaSi*  cwi  fc\!L  \:ti«»a  -^SiiW 
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^"  It  may  be  concluded  with  re|Tanl  to  this  very  important  matter  of  cooking 
I  utensils,  that  a  man  should  have  a  small  but  very  strong  canteen,  mado  of 
kMBsoldered  tin,  and  witli  a  good  deep  lid,  with  a  handle  which  may  serve  as 
^K  frying-pan  or  second  veeeol^  as  vreU  as  a  cover.  Tlae  ^hape  of  the  cantcon 
Aaulil  be  long  and  flat,  and  not  deeper  than  is  neceeaaiy  for  cooking,  so 
tiiAt  it  may  be  easily  carried.  Then  all  the  other  Teesek,  the  camp-kottlea 
for  each  raeas,  and  the  large  water  vessels,  should  bo  carried  for  the  mL*n. 
They  should  Im/  niitde  of  thin  steel,  which  is  very  light  for  its  strength^  very 
durable,  and  is  not  acted  on  by  the  food 

The  ditfert^nt  kimls  of  camp  cooking  to  be  taught  are  stewing,  boiling,  and 
making  soup,  making  lea  and  coifee,  cooking  preserved  vegetables,  making 
oikes  of  ilour,  and  oatmeal  porridge. 

Keference  has  airejidy  been  made  to  the  great  imp^irtance  of  not  keeping 
men  too  long  without  fuod,  Bj  a  little  arrangement  men  can  always  cany 
foocl,  and  the  pn>pcr  organisation  of  supplies  and  regimental  transport  would 
always  enable  a  command ingK)frice.r  to  have  some  food  f«:>r  his  men.  In 
almij^t  all  marches,  with  large  bodies  of  men,  and  in  many  actions,  there  ar& 
long  periods  of  inaction  during  which  men  could  eat  food  wliiuh  had  been 
alr^j  oooked.  The  eifect  of  this  upon  their  strength,  endurance,  and  even 
eourage,  is  remarkable.  Some  instances  have  been  related  to  me  by  officers 
in  wludh  failures  resulted  entirely  from  the  exhauBtion  of  the  men  produced 
by  want  of  food  Surt^ly  it  is  useless  to  supply  ammunition  for  guna  if  the 
men  who  are  to  work  have  no  supply  of  force  issued  also  to  them. 

i-  Water  Sfipjiif/, — As  impure  wat-er  is  a  great  cause  of  sickness  in  war,  the 
aoldier  should  l»e  taught  how  to  recognise  impurity,  and  how  to  use  the  simple 
meUiods  of  purification  ^dth  charcoal^  alum,  tea,  boiling,  &c  (See  chapter 
on  WATKa) 

5.  Mctulutij  Clothes, — ^Every  soldier  carries  a  lic>ld-iill,  but  many  cannot 
use  it  proj>erly.  It  may  be  suggested  whether,  in  the  workshops  which  are 
now  being  established,  it  would  not  be  well  to  let  every  rtM-niit  have  a 
month »  iimclice  in  repairing  clothes,  and  especially  boots ;  simple  plans  of 
repair  being  selected  if  it  be  possibla 

6.  Cleanliness, — In  war  a  source  of  disease  is  the  want  of  cleanliness, 
Yery  soon  the  person  and  clothes  get  covered  with  lice ;  all  the  garments, 
outer  as  well  as  under,  get  impregnated  with  sweat,  and  become  very  filthy. 
The  best  generals  have  always  been  very  careful  on  this  point,  and  luive  had 
frequent  washing  paraties.  As  washing  clothes  is  really  an  art,  the  soldier 
should  be  taught  to  do  it,  not  by  raachineiy,  but  in  the  rude  fashion  he  must 
practise  during  war.     Clothes  can  be  partially  cleaned  by  drying  and  beating. 

The  hair  should  be  cut  short  In  the  absence  of  water  for  washing,  the 
Jjcst  plan  is  the  small-tooth  comb,  to  keep  the  hair  free  from  vermin,  and  it 
kMiay  be  a  question  whether  one  should  not  be  supplied  to  every  soldier. 
^H|  Washing  the  whule  body  in  cold  water,  whenever  it  can  be  done,  is  not 
^Hply  bracing  and  invigorating,  but  strengthens  it  against  vicissitudes  of 
^Bieathef,  and  against  dysentery,^ 


SECTION  IL 


ENTRY    ON    WAR 

When  actual  war  commences  some  further  steps  become  necessary. 

All  experience  shows  that  men  under  twenty  or  tweny-one  yeaiB  of  age 

*  Both  DonAld  Moaro  and  Lind  aotios  tMs* 
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cannot  bear  the  fatigues  of  war,*     If  po»ible,  then,  all  men  betov 
one,  or  at  any  ratohelow  twenty,  should  be  held  back  from  the  caunpaign^i 
formed  into  tlepdts,  whence  they  njay  be  diaughted  for  active  sisirioe  cm  « 
aion.     Of  coiime  every  means  ahoidd  be  taken  during  their  aeirico  tt  Ifci  I 
dep6ts  to  ^rengthen  and  harden  them. 

All  weakly  men  should  also  be  held  bock,  and  every  num  thus  rcttaiDid  j 
should  come  under  the  surgeon's  superinteudence,  not  in  hoepital^  but  wink] 
doing  his  duty. 

The  men  who  are  about  to  enter  on  the  campaign  shotild  at  onoo  i 
a  more  severe  training.     If  there  be  time  to  do  it^  tliia  ahuuld  be 
an  extent  even  greater  than  will  be  demanded  in  war,  in  this 
Bomans,  who  trained  their  soldiers  so  severely  in  peace  that  war 
Footsoreness  is  very  common  at  the  commencement  of  a  campuign,  and  i 
gives  great  trouble  (see  page  601), 

Certain  ehaqges  in  the  food  of  the  men  should  be  madet. 

The  exertions  of  war,  bodily  and  mental,  are  often  very  great,  and  d« 
an  increased  quantity  of  food,  especmlly  in  the  nitrogenous  and  fat^ehnMaiid 
an  iiicTeased  amount  of  meat  and  bread,  with  the  addition  of  fat  bacon,  < ' 
and  peas  or  beiina,  should  be  given,  so  as  to  bring  the  daQy  amount  of  nitl 
to  375  to  400  grains,  and  of  carbon  to  5000  giaina  daily  (see  page 
During  the  war  every  effort  should  be  made  to  get  bread  and  flour  t 
lieu  of  biscuit,  and  to  supply  red  wine  (page  307).    Aa  one  of  tt 
war  is  the  occurrence  of  scurvy,  the  supply  of  fresh  vegetables  ahq 
creased  ;   if  these  at  aU  fail  daring  the  campaigiv  tlie  prnstsrved 
must  be  issued,  and  the  other  precautions  ttdcen  (see  page  496).     C 
the  benefit  appat^ntly  derived  in  Captain  (Jook's  voyages  from  worl 
from  malt^  it  might  lie  worth  while  to  try  the  eflect  of  introducing  i 
beverage  ;  it  can  be  readily  made. 

Donald  Monro  mentions  that  at  Bremen,  in  1762,  when  no 
could  bi?  got,  and  fresh  meat  was  dear,  and  ecurvj*^  broke  out,  infiMioB 
horse-radish  was  found  to  bo  useful.     Spruce  beer  was  also  uaed. 

SECTION  III 

ACTUAL   WAB,t 

Experience  has  showed  in  hundreds  of  campaigns  that  them 
amount  of  sickness.     The  almost  universality  of  this  piovea  tliat^ 
care,  the  conditions  of  war  are  unfavourable  to  health.     The  sitn^nfl 
tions,  the  broken  rest,  the  exposure  to  cold  and  wet,  the  scanty^  Uhi        ^ 
unwholesome  food,  the  bad  water,  and  the  foul  and  overcrowded  GaiD[«l 
tenia,  account  for  the  amount  of  dise^ase. 


*  Th«  ezftmplei  are  numenms,  but  the  foUotriug  u«  oflon  qnotad.  In  180G  ilia  _  ,, 
broke  up  at  Bcmlofc&e,  and  marcbed  400  loagnea  (Ftencb)  to  agbl  at  Anstoitlta ;  tk» 
noktlar  was  IwAuty-two  yenra  old  ;  tbey  left  scarcely  any  sick  or  wonnded  wn  nwiit 
the  Pnmch  marched  from  the  German  provineei  to  VienDa  ;  not  half  the  army  irew  r~ 
yean ;  the  hoepitaU  were  ftlled  with  sick.  In  1813  and  ISH  tha  dmmti^tm  ot  Hi 
Hlled  with  ccmiplatntA  of  the  *'  boya"  who  were  sent  him,  and  who  died  ia  a«]r " 
road  aide  and  in  the  hoepttals. 

f  Saniiary  Hides  of  ths  Rotnans  dttrmg  War, 

V^ius  (De  Us  MilUari,  lib.  lii.  cap.  2)  iajrt  the  Romane  took  creat  cse  ll»t  tW  M 
should  be  weU  supplied  with  good  wat<^^  good  piorisioDa,  firewood,  mlBctcnt  «ivuitli^  oC  vlM 
vinegar,  and  salt.    Tfae^  endeavoured  to  keep  tiieir  armiea  in  good  health  by  dtta  iflotjii    J 

1.  To  Situation  ;  aroidin^  marihea  and  dry  noooTered  groand  in  aunyner ;  in  IwTii^  iMia 
Lrequeotly  changing  camm  in  aammer  and  autumn.  ' 

2.  To  the  Water ;  for  bad  water  waa  couNidered  to  be  Tery  prodwctiirc  of  dU^aavt. 

3.  To  the  Se4J4oD8  ;  not  ezpotdng  men  to  beat    In  winter,  Uking  particiilar  tmm  thai 
men  never  were  in  waaix  ot  Himooa  oe  oC  dothiog. 
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m  The  amount  of  illness  varies  with  the  nature  of  the  campaign  and  the  geniiis 
mi  the  commaniler. 

B  If  the  records  can  be  tmsted,  it  would  seem  that  the  English  have  been 
Bbore  unhealthy  than  the  French  in  theii'  wars,  but  there  is  no  great  trust  to 
^e  placed  in  war  statist ica  In  the  Peninsuk  the  mean  daily  number  of  sick 
Hn  never  below  12  per  cent,  except  for  a  short  time,  in  the  Hnes  of  Torres 
^^KRS,  when  it  fell  to  9  or  10,  Sometimes  it  amounted  to  15,  20,  or  25  per 
HHl  In  the  Cnmea  the  immense  sickness  of  the  first  winter  is  but  too  well 
Bemembered. 

■  Armi/  Mcdicnl  Rffpdatifms, 

m   Before  an  army  takes  the  field,  tlie  Director^General  may  appoint  a  medical 

Kffioer  to  act  as  Field-Inspector  under  tht*  principal  medical  otbeer,  but  not  to 

ftct  AS  sanitary  ofhcen     The  Directur-Cieneral  prcjiares  lists  of  all  medicines, 

HU>f6Sf  &G.     Tlie  amount  of  transport  and  of  stores  is  laid  down. 

P    Before  an  army  takes  the  fiokl  the  Director-*  Jen eral,  on  requirement  by  the 

pTar  Office,  gives  an  account  of  everj^thing  in  the  proposed  scene  of  operations 

irhich  may  aifcct  the  health  of  the  mca     Ho  appoiuts  a  sanitary  oliieer  to  be 

attached  to  the  Quartermaster-*  I cneral's  department     He  issur^s  instructions 

^^■le  i^rincipal  jne*licid  officer  and  sanitary  officer  on  all  matters  connected 

^^Bl  rations,  clothing,  shelter,  precautions  for  prtiventing  disease,  Jcc 

W  The  sanitary  officer  inspects  aD  proposed  encamping  ground,  quarters,  &a, 

plOid  supervises  the  sanitary  arrangements  of  all  campsv,  towns,  hospitals,  &c. 

The  principal  medical  officer  advises  the  Commander  of  the  Forces  on  all 

matters  affecting  health,  such  as  rations,  shelter,  clothing,  ifea,  and  may,  with 

the  sanction  of  the  Commander  of  the  Forces,  issue  instructions  on  such 

matters  to  the  medical  officers 

The  sanitary  officer  inspects  the  camp  daily ;  accompanies  the  Qaartennaster- 
^^  :i*ral  on  the  march,  and  gives  his  advice  on  all  sanitary  points.  He  is  sup- 
^  1  with  information  to  aid  him  in  his  work  from  all  jirincipal  medical 
oHiceiB  of  general  hospitals,  divisions,  and  brigades  in  the  field.  Ho  transmits 
m  weekly  sanitary  report  to  the  principal  medical  officer. 

Causes  of  Sichiesa  and  Mortalitf/  in  War> 

The  cliief  causes  of  sickneaa  and  mortality  in  the  Engliah  anny  have  been 
in  order  of  fatality— 

1.  I>isease8  arising  from  improjier  and  insufficient  food,  vit,  general 
feebleness  and  increased  liability  to  malarious  fevers,  dysentery,  diarrhoea^ 
dra,  and  production  of  scurvy  and  scorbutic  dysentery. 

2.  AUlanons  disease  from  unheiUthy  sites. 

3.  Catarrhs,  bronchitis,  pleurisy,  pneumonia,  rhenmatiffln,  dysentery  (f)| 
'prodtieed  by  inclemencies  of  weather. 

4.  To  Food  And  Medicine  [  the  ofSeeni  savr  ihAt  thd  maa  bad  their  regular  tne&ls,  aad  were 
well  Ufoked  uller  by  the  commisHariat. 

&  To  Exercise ;  by  keeping  the  troops  during^  the  day-time  in  constant  exercise ;  in  dry 
iPMiher  in  the  open  air  ;  in  time  of  rain  or  «iiow  under  cover ;  for  exeix:iae  waa  believed  to  do 
a  JRraat  deal  more  for  the  preaerv'atioa  of  health  th&n  the  art  of  physic. 

Tbe  Pnefectus-Castrorum  (Quartennaater-Qe&end),  an  officer  of  high  rank  tn  the  Roman 
army,  looked  after  the  sick,  and  proTided  everythinff  required  by  the  mirgeotiB,  Both  Livy  and 
Tacitui  mantioQ  that  the  commauding  offioetv  luea  to  Ti«it  the  »ick  and  wounded  aoldierift  to 
int^tiire  if  they  were  w*41  taken  care  o^  The  sreat  health  of  the  Rornati  uoldieni  was  evidently 
owing  to  their  jfreat  temperance  ;  their  excellent  wami  tents  made  of  hides  ;  their  carefully 
kept  carapN  ;  the  worm  war  dresa  or  Bagam,  and  their  coastjmt  ejreroijio. 

liults  of  lAe  J^ac«<fo7ikjft«.— The  only  noticse,  1  twlieve,  of  the  meftaa  by  wliich  AJeiander  the 
Great  preserred  no  wonderfuUy  the  health  of  hi§  small  array,  in  a  atatimient  that  lie  frequently 
ciwaMd  hia  encamping  grounds  (Quintus  Ciirtiua,  lib.  v,  32).  Thin  great  soldier  must  oertatnly 
hAvn  DMB  AoquAinted  with  the  art  of  Hygiene, 
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4.  Spotted  t jphu%  kept  up  and  apread  (if  not  pioduoed)  hy  o' 
and  uncleanlinesfik. 

5.  Coiitagicms  d jsenteiy,  arking  ^m  foul  campe  and  latriaa^' 

6.  Typhoid  and  perhaps  other  fevera,  produced  hj  foul  camp& 

7.  Exhaustion  nnd  debihtr,  produced  by  axoeMve  fniigud — A 
predisposing  cause  of  almost  all  other  dJacftsea 

8.  Cholera,  in  India  especially,  and  in  Tuikey. 

9.  Yellow  fever  in  the  West  Indian  campaigns. 

10.  Plague  in  ^ypt 

1 1.  The  exanthemata  occasionally. 

12,  Ophthalmia 

13,  Venereal  diseases.  

Of  these  diseases  the  most  fatal  have  been  scorbutic  djaenlflvy  101 

It  is  indeed  cunous  to  see  how  invariablj  in  all  wars  the 
occurs,  and  frequently  in  how  early  a  period  of  the  campaign  it 
detected.     There  almost  seems  to  be  something  in  the  fatigues  asd 
of  war  which  assists  its  development     It  frequently  complicates  o^ 
disease,  impresses  on  them  a  j>6culiar  charact<sr,  and    renders 
intractable  to  treatment     This  is  the  case  with  dysentery,   typhoi 
malarious  fever,  and  spotted  typhtia     With  the  last  diieasa, 
intimate  relations,  and  contributes  apparently  to  its  propagation 
the  frame  more  easily  attacked  by  the  specific  poisoiL 

One  o!  the  most  important  preventive  measures  to  ba  adoptod  in 
prophylactic]  treatment  of  scurvy.  But  with  a  full  knowledge  of  IJyt,  I 
disease  cannot  always  be  avoided  The  Federal  Americans  were  talOf 
of  the  necessity  of  combating  it,  and  made  immense  efforts  to  do  ea  H 
did  not  succeed,  and  so  marked  and  so  general  was  the  ac^rbatie  Uilil  fai  til 
army,  that  its  combinations  with  typhoid  fever  and  malaria  have  beoo  look 
upon  as  new  diseases. 

If  scurvy  could  be  prevented,  every  other  war  disease  would  be 
tively. trifling.     Inflammations  from  exposure,  exhaustion  from  latigiie^i 
gastro-intestinal  atTectiona  from  improper  food  and  atmosphtiric 
woulti   still  oc^^tiT ;   but  the  ravages  of  typhus,  typhoid  fever, 
dysentery,  would  bo  trifling  and  easily  prevented. 

To  prevent  scurvy,  then,  is  one  of  the  most  important  meaam 

If  scurvy  be  absent,  typhus  fever  \s  readily  treated  ;   iaolaHoil  and  i 
freest; ventilation  are  certain  to  stop  it     The  only  great  danger  nofild  bo 
a  besieged  and  crowded  fortresa     In  such  a  place  it  may  be  bejrond 
but  early  recognition  and  prompt  isolation,  as  far  as  it  can  be  donO|  ini 
free  ventilation  as  possible,  may  perhaps  stop  it     It  is  in  snoh  ttmm  tlial 
should  freely  use  the  nifcroua  acid  fumes  and  other  disinfectant  vapovoa 

Enteric  (typhoid)  fever  and  contagious  dysentery,  in  the  same  way»  fi^ 
with  certainty  to  be  prevented  in  a  camp.  The  fiist  case,  even^  should  m 
us  take  urgent  measures  fur  the  cleansing  of  latrines,  or,  better  sttO,  I 
dosing  of  all  the  old  and  the  o]>ening  of  fresh  onea  But  the  best  piaa  of 
is  to  shift  the  encamping  ground,  and  wo  should  remember  the  cJd  ~ 
maxim,  baaed  doubtless  on  observation  of  typhoid  fe\'i3r8>  that  this 
done  more  often  in  the  autuma 

The  exanthemata,   measles^  and  scarlet  fever,  somettmes  mniiiil 
through  an  army  ;   the  only  plan  is  to  separate  all  easeSy  and  sead 
day's  march  on  the  flank  of  the  armyj  if  it  can  be  done^  not  in  ^*~ 
of  the  liDe  of  supplies. 

Plag^ie  probably  demands  the  same  measures  as  typhua 

The  measures  for  chokra  have  been  already  sufficiently  noted. 
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■cases  of  exposure  can  bo  liardly  a%'okled,  but  may  be  lessened  by 
llhea  and  waterproof  outer  coi'eringa  Flannel  shotild  be  ui^ed  next 
all  over  the  trunk  imd  extremities,  and  m  indispeuBable.  One  of  the 
important  means  to  enable  troopa  to  stand  inciem*?nei*?j^  of  weather,  and 
d  all  fatigues,  m  hot  food  Colfee  and  tea  are  the  best,  and  hot  sjdrits 
^ter,  though  useful  as  an  occasional  measure,  are  much  infenor,  if  indeed 
do  any  gtHini  at  all  apart  from  tha  warmth.  But  the  supply  of  hot  food 
sr  should  be  carefully  attended  to,  especially  ie  tlie  caae  of  breakfast, 
nrhich  men  will  undergo  ii'ithoufc  harm  great  exposure  and  fatigua 
fe  unnecessary  to  enter  at  greater  length  into  the  measures  to  prevent  the 
of  war,  for  the  proper  plans  have  been  all  etiiimerated  previously. 
Bay  conclude  only  that  much  can  be  done  to  pn^vent  diseiiae,  but  we 
-alBO  remember  that  the  coarse  of  campaigns  sometimes  is  too  violent  and 
iwering  for  our  etlbrts^  and  that  ware,  like  revolutions,  ^\ill  never  be 
^■with  rose  water, 

Mecaplhdation  of  the  Didim  of  a  Sanitary  Officer  duri^ig  War. 

go  forward  with  the  officers  of  the  quartermaster's  department,  to  cliooae 
ping  gi-ound  ;   arrange   for  surface  drainage  ;   if  necessarily   in   a 
ious  place,  make  use  of  flll  obstttcles,  as  hills^  trees,  <fec  >  to  tlu-ow  off  the 
LTia  from  the  tents  ;  ]>Lice  the  tents  with  the  openings  from  the  maLiriuiis 
If  possible,  never  take  low  bills  (100  to  250  fci»t)  above  marshy 
Arrange  for  the  water  supply,  and  for  the  sen  ice  of  the  men,  animals, 
As  soon  OS  possible  fix  the  sites  for  the  latrines  ;   have  them 

,d  make  dry  patbs  to  them     As  soon  as  the  tents  art*  pitchetl, 

liho  whole  campj  and  see  that  the  external  ventilation  is  not  blocked  in 
ay,  and  that  the  tents  are  as  far  off  each  other  as  can  be  jjermitted. 
gn  theii-  work  to  the  Rcavengers,  and  mEirk  out  the  places  of  deposit  for 
It  The  daily  inspection  should  include  all  these  points,  as  well  as  the 
ption  of  the  food  and  cooking  and  of  the  slaughter-houses*  If  the  camp 
laige  one,  a  cert4iin  portion  should  be  selected  every  day  for  the  carefid 
Btion  of  the  Individ utd  tents,  hut  it  should  be  made  in  no  certain  order, 
She  men  may  not  prepuce  specially  for  the  inspection* 
Bet  of  rukss  should  be  drawn  Tip  for  the  meUj  pointing  out  the  necessity 
mtilation,  cleanliness  of  their  persons,  tents,  and  groimd  around  them, 
ordering  the  measures  which  are  to  be  adopted.  This  will  have  to  be  pro- 
ited  by  the  general  in  conmiand. 

the  daily  work,  a  certain  order  and  routine  should  be  followed,  so  that 
Dg  shall  be  overlooked. 

e  sanitary  officer  of  a  large  camp  can  never  perform  his  duties  without 
most  unremitting  support  from  the  regimental  medic-al  officers,  who  are 
sanitary  officers  of  their  regiments,  Kot  only  must  they  inspect  their  own 
mentid  camjjs,  but  by  an  immediate  report  to  the  sanitary  officer  of  any 
a^  which  can  possibly  be  traced  to  some  camp  impurity,  they  should 
ier  it  possible  for  the  commencing  e\il,  of  whatever  kind,  to  he  deti3cted 
"    eked. 

I  early  as  possible  every  morning  the  number  of  men  reported  sick  from 
ent  should  be  made  known,  and  a  calculation  made  of  sick  to 
and  then,  if  any  regiment  showed  any  excess  of  sick,  the  sanitary 
lof  its  camp  should  be  specialty  and  thoroughly  investigated. 

HtjfpitaU  in  War.* 
nth  an  army  in  the  field,  hos|iitals  are  of  several  kinds. 
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1.  The  principal  General  Hospital  at  the 

2.  The  IntermediatG  Hospitak,  divided  inta^ 
CL  The  Field  llospitais  stationed  at  the  baae  c 

coition. 
5.  The  Field  Hospitala  proper,  which  move  v 
the  dressinff  stntions  and  regimental  static 

The  old  Reginieiital  Hmpital  ia  now  dehnitivelj  i 
surgical  assktance  is  provide<l  by  a  mediefil  officer  W 
aocompanied  by  beart?T8,  "writh  stretchers  when  reqiiin 
The  sick  are  treated  in  the  field  hospitals  first,  and 
termed iate  hospitals  in  rear,  which  are  again  evacui 
by  transfer  of  patients  to  the  principal  general  hospl 
\^"ill  bo  in  a  convenient  station  on  the  frontier,  or,  il 
like  oiirsulves,  on  some  sea-coast  easily  accessibia  \ 
ultimat<?ly  be  invalided  home  if  untit  for  further  se^ 

For  each  army  coqjs  (of  noiuintdly  36,000  ml 
appointed, — ^12  to  move  with  the  corps,  and  13  to  b 
along  the  lines  of  communication,* — each  is  equip j 
be  divided  into  half  hospitals  for  100  each,  if  neceH 
be  treated  in  the  tiuld  hospitaU,  hut  all  caaea  likely 
be  sent  to  the  rear  of  uperationa  as  soon  as  poesibla^ 
and  typhoid)  ou;^!it  to  be  removed  ajs  soon  as  poed^ 
It  is  of  great  iniportanc^^  that  they  should  not  bepui 
ought  to  be  kept  separate,  or  mixed  only  with  M 
This  (the  separation  of  fever  from  surgical  cases)  wj 
James  M*Grigor,  and  should  never  be  forgotten.  Oj 
to  be  isolateil  ,, 

The  hospitals  in  rear  may  be  at  some  distance^  bj 
railway  or  by  water  carriaga  It  is  of  great  impol 
sending  patients  from  the  division  and  general  hosp 
hoiipitak  in  rear.  It  is  not  only  to  keep  the  hod 
emergencies,  and  to  facilitate  aE  movements  of  th< 
etlect  on  the  army  itseK.  A  great  hospital  full  i 
spectacle,  and  often  djimps  the  spirits  of  the  brave* 
is  higher  in  hope  and  spirits  when  the  sick  are  rof 
markably  hj  the  Atijstrian  experience  of  1859. 
greatly  benefit^jd  by  the  reinovid  ;  the  change  of  { 
itself  a  marveHoua  effect^  and  this  is  another  gr^ 
evacuating  the  sick  from  the  hospitals  in  front 

The  men  who  are  reported  for  hospital  in  war  mil 
classes  — 

b  Slightly  wounded  should  be  treated  in  tl 
hospitals,  and  then  return  to  duty. 

2.  Severely  wounded  at  first  in  the  field  ho« 
intonncdiate  hospital,  and  then  to  the  rear,  aa' 
long. 


n 


valaaeont  hospiUls  in  tbe  rear,  wbera  the  men  were  received  m 
he  does  not  describe  his  system  fully  in  his  paper  in  the  Medici 
vi),  it  i«  evi'lerit  from  hjij  Aiitobiogniphy  that  nis  constant  pii( 
m>on  as  possible.  This  m  aUown  hw  hia  narrative  of  the  retre< 
Lnrd  Weill iigton  from  the  mortificfttion  of  abandoning  his  sick  i 
colleague.  Professor LoQgm ore,  in  his  most  instructive  work  onl 
the  meajis  of  transport  of  the  sick  *im1  wtuinderl,  and  other  impj 
•  For  full  dtaaila  of  the  new  Hoapitiil  orgnniSAtion  in  the  1 
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Slight  colda,  diarrhcBO,  &a,  treated  in  the  field  Loepitala. 
Severer  colda,  broncliitis,  pleumy,  pneumoniii,  dysenteiy,  &a,  ehould 
it  At  once  to  the  intermediate  hospital,  and  then  to  the  rear  as  soou  as 
ey  can  move  with  safety. 

Typhus  fever  at  once  to  the  hospitola  in  near,  if  possible  without  entexing 
i  field  hospitals. 

Tjrjjhoid  cases,  also^  should  be  sent  to  the  rear,  and,  in  fact,  all  severe 
Tlie  field  hospitals  should  be  alwaja  almost  empty,  and  ready  for 
cies; 

hoepitals  in  rear  may  be  even  two  or  three  days'  journey  off,  if  con- 
I  be  by  water,  oi*  one  or  two  days  if  by  rail     Sick  and  wounded  men 
r  movement  wonderfully  well,  with  proper  appliances,  and  are  oft*^n  indeed 
5tetl* 

proper  position  for  these  hospitals,  at  the  base  of  operations,  must  be 
by  the  commander  of  the  forces  at  the  commencement  of  the  campaign, 
as  be  ^one  wiU  know  what  point  will  be  the  base  of  supplies,  and  it  is  of 
importance  to  have  these  great  hospitals  near  the  large  stores  which  are 
OoUected  fur  the  camfwiign. 

It  seems  now  quite  clear  that  these  hospitals  should  not  be  the  ordinary 
buildings  of  the  country  adapted  as  hospitak  Snch  a  measure  seldom  Buc- 
^eeda,  and  the  mere  adaptation  is  expensive,  though  probably  always  imper- 
ieetf  Churches  should  never  be  token,  as  they  are  not  only  cold,  but  often 
damp,  and  there  are  often  exlialations  from  vaults. 

The  French,  Austrian,  and  American  experience  is  in  favour  of  having  the 
bcspitab  in  rear  made  of  tents  or  wooden  huts.  The  huts  are  perhajis  the 
besti  especially  if  the  winter  be  cold.  They  were  very  largely  used  by  the 
fMeial  Americans,  who  have  entirely  given  up  converting  old  buildings  into 
lK)epital&  Tlie  best  huts  which  were  used  in  the  Russian  war  of  1854—66 
were  those  erected  at  Kenkioi  from  Mr  Bninela  design ;  each  held  fifty  men 
in  four  rowa  This  plan,  however,  Is  not  so  good  a  one  as  having  only  two 
rows  of  beda  Hammond  {  states  that  in  the  American  war  the  best  size  has 
been  fonnd  to  be  award  for  fifty  men  with  two  rows  of  beds ;  length  of  ward, 
175  feet ;  width,  25  ;  height,  14  feet  ;  siipei-ficial  area  per  man,  87  feet  ; 
cubic  space  per  man,  1200  feet  Ventilation  was  by  the  ridge,  an  opening  10 
inches  wide,  running  the  whole  length,  and  by  openings  below,  which  could 
be  more  or  less  closed  by  sliding  doors.  Some  of  the  American  hospitals  held 
ftom  2000  tc«  2800  beil8.§  It  is  probable^  however,  that  smaller  wards  (for 
35  men)  would  be.  better. 

i  hospital  constmcted  of  such  huts  can  be  of  any  size,  but  there  must  be 
'  kitchens  and  laundries  if  it  be  very  lai^     If  space  permit,  however, 
desirable  to  have  rather  a  collection  of  smaller  hoepitals  of  500  beds 
,  Bepamted  by  half  a  mile  of  distance,  than  one  large  hospital 
The  arrangement  of  the  huts  must  be  made  accortling  to  the  principles 
already  laid  down,     Dr  Hammond  writes  thus  of  these  hospitals  ; — 

'•  It  will,  perhaps,  not  be  out  of  place  again  to  insist  on  the  great 


35  men) 
KAnhoi 
Bendk 
^beemB 
Wh,  Bep 


*  On  thU  and  otber  points  of  the  like  kind,  tee  Report  an  Hygiene,  in  tlra  Armj-  Medical 
BepoTt  for  1892,  pp.  849,  350. 

T  Donald  M Dim)  Mys  tlmt,  in  1769,  the  liou§e«  in  Germany  taken  for  the  fliok  were  Improrvd 
bj  taking  away  tbe  stoves  &utl  putting  in  open  tird-plAoes.  In  the  Peninsolar  the  Dnke  of 
wallingtoa  appeared  to  have  a  dread  of  fever  attackhig  tbe  army.  LnMombe  leUa  ns  that  the 
Dnke  aiked  toe  principal  medical  officer  ev^ry  day  a«  to  the  appeamnoe  of  fever.  He  also  im- 
piOTod  the  hoepitals  b^  ordering  open  flre-plociee.    (Lonooinbe,  p.  0,) 

X  On  Hygiane,  p.  32US. 

I  Sea  Report  on  Hygiene,  in  the  Army  Medical  Report  for  1862,  p.  345,  et  jeg.,  for  a  faller 
descHptioci. 
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advantages  of  these  temporary  field  hospitals  « 
buildings  in  towns.  Nothing  ia  better  for  the  eick 
summer,  than  a  tent  or  a  ridgo-ventilated  hut  Th^ 
tho  present  war  establishes  this  point  beyond  thi 
Cases  of  erysipelas  or  of  hospital  gangrene  occni^ 
■which  were  at  one  time  iinaToidably  used  as  hxm^ 
almost  displaced  for  the  ridge-ventilated  pavilions,  ia 
get  well  as  soon  as  removed  to  the  tenta  But  in  4 
to  my  knowledge  has  hospital  gangrene  ori^pnat^ 
hospital,  and  in  no  instance,  as  far  as  I  am  aiMi 
gangrene  has  been  exceedingly  rare  in  all  our  h^ 
hundied  cases  occiuTiDg  among  the  many  wounded,^ 
of  the  loyal  and  rebel  troops  which  have  been 
wounds  heal  more  rapidly  in  them,  for  the  reason  i 
fixish  air  and  the  light  are  obtained.  Even  in  frsMS 
ore  to  bo  remarked."      {**  On  Hygiene,"  p,  397* ) 

Baron  I^irrey,  in  his  useful  wor^*  describes  the  pi 
in  the  Italian  war  of  1859.  At  Constantinople,  dn 
French  were  apparently  very  well  installed ;  the  hi 
nople  were  assigned  to  them,  and  they  were  arrangi 
organisation  which  distinguishes  the  French,  The^ 
favourable,  especiaEy  in  the  spring  of  1856,  wlw 
many  of  the  hcjspitals,  and  caused  great  mortality,  j 
ence,  in  the  ItaHan  war  of  1859  the  French  distril 
hospitals  whenever  they  could  find  a  budding,  and 
of  the  sj^cific  diseases  was  entirely  stopped. 

In  the  great  Franco  I^rueaian  war  of  1870-71,  th 
of  temporary  hospitals,  and  distributed  their  sick  | 
the  whole  of  Geimany.  The  plana  were  very  sim 
Crimean  and  American  wars.  In  some  of  the  Z 
immense  hospitals^  with  railways  and  every  applia 
experience  as  regards  hospital  gangrene  and  er}^! 
there  were  many  cases  of  pyaemia  in  some  of  those  1 

To  sum  up,  the  hygiene  of  field  hospitals  in  war  \ 
our  own  Crimean  experience,  and  that  of  the  war< 
since)  ia  as  follows  : — The  field,  including  the  j 
be  made  of  tents  ;  tjie  tents  being  well  constructed 
ventilated,  the  flaps  ln^iiig  able  to  be  raised  so  aa  a! 
the  tent  into  an  awning.  The  most  convenient  i 
.marquees  of  the  new  pattern,  except  for  their  <M 
new  double  circular  tents  will  now  be  used  in  all 
great  improvement  on  the  old  hell-tent>  and  lii 
Each  weighs  IQi)  fb  dry,  and  four  patients  are  put! 

:  ♦  NotiM  aur  rHygi^no  den  HopitAtuc  Mflitaireij  1863. 

f  Larre  J  mentions  aonoe  striking  miitaiioeii  of  tbe  eB«cta  of  ci¥« 
the  bnspitol  was  fixed  for  @O0  by  tlie  mrgeon  in  cbArge,  who 
hf^althy.  Hi  J  aucceasor  IncreaMid  the  beat  to  1200  and  th«a< 
atavtire,  and  spared  no  one  {ni  inflnniers,  nl  scsnm,  ni  m^decinal; 
wu  the  iuini«  mlatakOf  and  tha  aame  reatilta.  Tjpliua  canaed  flj 
the  hospital  of  the  Ecole  Militajre  no  crowdings  waa  pennittad,  i 
cent  of  the  deaths.  In  the  French  ambu^anoea  in  tiHe  Oimal 
Donble  and  tr&ble  nambera  were  crowded  Into  lonie,  and  thay  iN 
Vfere  not  allowed  to  be  crowded,  and  had  little  tvphna.  ^ 

t  NiuneTOUs  worica  have  been  published,  whith  apace  doea  qj 
but  tho  medical  oMocr  will  find  nnich  information  in  the  Arm} 
•specially  in  the  casaya  from  the  officera  who  were  aent  to  Fraw 
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tral  pole  can  be  removed  and  a  tripod  support  aubedtuted, 

eenttw  free. 

Dund  the  tente  to  be  thorcnighly  drained,  kept  very  clean, 
m  time  to  time.  The  tent  floor  to  he  covered  with  clean, 
dried  earth,  or  charcoal,  and  to  be  then  covered  with  a 
,  or  boarded,  if  the  camp  be  one  of  position.  In  either 
isare  must  be  taken  that  the  ground  does  not  get  soaked 
ry  now  and  then  (if  possible  every  ten  days  or  bo)  the  tente 
i  a  little. 

one^  the  eick  Bhould  be  raieed  off  the  ground  Iron  bed* 
fous,  but  small  iron  pegs  stuck  in  the  ground  might  carry 
hammock  The  advantage  of  a  I'Lin  of  this  kind  is,  that 
^  in  the  sacking,  wounded  men  can  have  the  doee^tool 
ovement  For  fever  cases  it  permita  a  free  movement  of  air 
L 

f  general  hospitals  in  rear  should  be  of  tente  or  wooden 
)f  converted  buildings,  or  of  hospitals  used  by  other  nations, 
iron  bedsteads,  and  all  the  appurtenances  of  a  regular 
ight  inttj  play. 

Eictieable^  the  rear  hospital  should  have  water-cloaeta  and 
dcioi,  in  Turkey,  Mr  Brunei  supplied  s^^uare  wooden  sewers 
chfifi  to  the  aide ;  they  were  tarred  inside,  and  acted  most 
cmt  leakage,  for  fifteen  monthB,  till  the  end  of  the  war. 
I  (Jenning^s  simple  syphon),  arranged  with  a  small  water-box 
L  to  economise  water,  never  got  out  of  order,  and,  in  fact,  the 
botpital  was  hterally  |iei-f(^ct  I  have  little  doubt  such  well- 
NrezB  would  last  two  or  three  yearn. 

ianger  about  wooden  hospitals,  viz.,  that  of  fira  The  huta 
\f  on  this  ground  alone,  be  widely  sepamte<:l ;  each  hut  should 
feet  from  it,  an  iron  box  for  refusa  Wooden  boiea  do  not 
ft  winter  Uve  cinders  gut  thrt^wn  in,  and  there  is  danger  of 
im  should  be  emptied  every  morning  by  the  scavengers 
aid  on  into  every  wajd. 

i>nt  of  the  buildings  is  a  simple  matter,  but  must  partly  be 
be  ground-  Long  open  ]mm  are  the  best  An  hospital  of 
itely  prepared  m  Englanfl,  can  be  put  up  at  a  very  rapid  rate,* 
be  no  great  amount  of  eartli-work,  and  that  the  supply  of 
utlet  for  sewage  be  convenient  So  that,  if  commenced  at 
iginning  of    a  campaign,   iMxsommodation  would    soon  be 

I  may  of  course  render  it  necesaaTy  to  take  existing  buildings 
rposes,  but  it  ought  always  to  be  remembered  that  it  ia 
great  risk,  and  nothing  but  rigid  necessity  ought  to  sane- 

Laimdnj  Eidabltshmefit 
m  hospital  must  be  organised  as  early,  and  as  perfectly,  as 

t  Rcnkoi,  in  Turkey,  lu  tlie  Crimean  war,  was  made  of  mdk  lurgo  htitt 
it  its  rapidity  of  erection  la  no  piide  to  othera  ;  ret  It  wta  mftrveUciualy 
Urst  beam  was  laid  on  thu  24tli  May  1855,  on  the  12tli  July  it  wu  rtpoft«d 
every  ward  having?  wat^r  laid  on,  tilths  and  clowts,  and  an  iron  kitchen  Mid 
nsady  ;  on  the  lltb  AuE^ust  it  wm  ready  for  500^  and  on  tlie  Itb  December 
atiuAry  IS&O  it  wu  readv  for  1500  ilck,  and  in  a  short  tim»  more  2200  could 
The  number  of  £ngliali  artf tans  were  only  forty,  but  we  had  native  work* 
had  eighty  Bo^liAh  artiannii  It  would  have  been  ready  for  10<)0  aiek  in  three 
lata  oouJd  be  pni  up  tn  nineh  1cm  time  if  the  g^\itvl  t^ic^^u^t*  x^a  ViPc^sSm!^, 
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possible.  The  difTerent  paits  must  be  aeiit  oat  from  £n^Jto4  ^  Vd«, 
diying-closet,  washmg-mnchines,  and  wiinging'^xiAciiuiefl.  The  vital  h  ?:: 
can  never  be  properly  done  by  the  people  among  whom  the  wu  is  cmtc  z 
Every  appliance  to  save  labour  must  be  uaed,  and  after  nfcVnlnfai  n^ 
amount  of  laundry  work  has  to  be  done  for  a  presumed  nuxnlwr  dm^r^ 
twice  the  amount  of  apparatus  should  be  sont  out,  partly  to  tiMBi  tfcx 
bxeakage,  partly  to  meet  moments  of  great  pressuiT&  The  drp^  mL 
especially,  is  a  moat  Important  part  of  the  laundry,  as  its  heat  cui  hi  »^  i 
disinfect 

Amouni  of  Hospital  Aceomfnodaitofu 

This  must  not  be  less  than  for  25  per  cent,  cxf  the  force,  with  mem  » 
in  roar  in  case  of  need. 

Cemeteri€«  in  war  must  be  as  far  removed  as  pcssiblie  ;  the  gia7stb|(iqk . 
and  peat  charcoal  thrown  in  if  it  can  be   procni©d-     Lime  is  geaoil^  w 
instead,  but  is  not  quite  so  good.     If  cliarcoal  cannot  be  go^  fiais  mtfS  ^ 
used.     If  the  army  is  warring  on  the  aea-coast^  bmial  in  the  sea  k  lb  a^ 
plan. 

Flifing  Hoftpiiais^ 

For   moving    columns  and  excursions,    flying    hcepitala  ne 
Medical  comforts,  C43ncentrat6d  foods,  wine,  brand j,  dieaai^g  " 
bedding,  <S^a,  and  perhaps  tents,  are  carried  in  light  carte,  or  coB 
camek     If   it  can   be   done,  an   old   recommendation   of  Donald 
seems  u»efiil,  viz.,  that  a  baker  ^vith  flour  should  accompany,  and  fta 
butcher  with  live  stock  ;   but  since  the  use  oi  conoentmted  foodii  die  ki  i 
perhaps  less  needed. 

Sanitary  Duties  connected  mth  a  War  Honpital 

In  addition  to  the  usual  sanitary  duties  of  an  hospital,  there  are  onav 
points  which  rei^uire  particulM  attention  in  the  fleld. 

The  first  of  these  ia  the  possible  conveyance  of  diseaae  by  the 
dirty  clothes,  which  may  pcrliaps  have  been  worn  for  weeks  even  nitL.^ 
removal,  in  the  hiird  times  of  war.     Typhus^  especially,  <*a«  be  earned  ia 
way* 

To  provitle  for  tliis,  every  hospital  shoidd  have  a  tent  or  bailiiing  t» 
reception  of  the  clotlit3a  ;  here  they  shuuld  be  sorted,  freely  expoeed  to  ijr, 
the  dirty  flannels  or  other  filtlij  clothi^  picked  out  Some  of  thesi  aw 
lyad  that  they  should  at  once  Ix^  burnt,  and  the  principal  medical  offieet;  it  tb 
beginning  of  a  campaign^  should  have  authorit j  given  bim  to  do  tlu%  ant  li 
replace  the  articlea  from  the  public  store, 

llie  (u^icle^  which  are  not  so  b^ul  should  be  cl^uised.     The  rWiMW^ 

be^t  done  in  the  follo\nng  way  : — -If  the  hospital  have  a  laundry  and  ilp€ 

closet,  they  shotdd  bo  put  first  in  the  di'}ang-elo6et  for  an  hour,  and  thr  k* 

carried  t<i  220*  Falir,     Then  they  should  be  transferreil  into  tlie  lumigitafla 

box  ;   this  is  simply  a  tin-lined  box  or  laige  chest      The  clothea  aie  put  s 

this,  and  sulphur  ji laced  abo^e  them  is  set  on  fire,  caro  being  taken  nd  ^ 

bum  the  clothes  ;  or  idtrous  acid  fumes  should  be  used.     Alter  an  konfB  d^ 

tention  in  the  fumigating  box,  they  should  be  remo%*ed  to  the  soaking  tdba 

These  are  lai^  tubs  with  pure  water,  put  in  a  shed  or  tent  outside  the  koniiiy* 

A  httle  chloride  of  lin^Q  am  Im  aiUled  to  the  water.      They  shoidd  soak  hm 

for  twimtj-four  houi^,  find  then  go  into  the  laundry  and  be  washed  aa  laeuL 

Tliis  jilan,  and  especially  the  heating  and  fumigation,  will  also  kiU  bott  wiiA 

often  Hwanu  in  such  numbers. 
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ImXbB  of  a  war  hospital  at  the  base  of  operations  should  be  on  a  large  scale, 
and  the  means  for  getting  hot  water  equally  larga  The  men's  heads,  if  lousy, 
•hoald  be  washed  with  a  little  weak  carbolic  acid,  which  kills  the  lice  at  once. 
The  smell  is  not  agreeable,  but  that  is  not  of  real  consequence. 

In  a  war  hospital,  also,  the  use  of  charcoal  in  the  wards,  charcoal  dressings, 
tbe  employment  of  disinfectants  of  aU  kinds,  is  more  necessary  than  in  a  com- 
mon hospital 

As  a  matter  of  diet,  there  should  be  a  large  use  in  the  diet  of  antiscorbutic 
food,  vegetables,  &c.,  and  antiscorbutic  drinks  should  be  in  every  ward,  to  be 
taken  ad  libitum — citric  acid  and  sugar,  cream  of  tartar,  <kc  The  bread  must 
be  veiy  good,  and  of  the  finest  flour,  for  the  dysenteric  case& 

Sieges, 

The  sanitary  duties  during  sieges^  are  often  difficult  Water  is  often 
flceice,  disposal  of  sewage  not  easy,  and  the  usual  modes  of  disposal  of  the 
dead  cannot,  perhaps,  be  made  use  of.  If  sewage  is  not  washed  away,  and  if 
theie  is  no  convenient  plan  of  removing  it  by  hand,  it  must  be  burnt  Mix- 
ing it  with  gunpowder  may  be  adopted  if  there  is  no  straw  or  other  com- 
Inietible  material  to  put  with  it 

If  food  threaten  to  run  short,  the  medical  officer  should  remember  how 
easily  Dr  Morgan's  process  of  salting  meat  can  be  applied  (see  page  206),  and 
in  this  way  cattle  or  horses  which  are  killed  for  want  of  forage,  or  arc  shot  in 
action,  can  be  preserved  For  sieges,  as  vegetables  are  sure  to  fall  short,  a 
▼Biy  ample  supply  of  lemon-juice,  and  of  citric  acid,  citrates,  and  cream  of 
tartar,  should  be  laid  in,  and  distributed  largely. 

One  other  point  should  be  brought  to  the  notice  of  the  general  in  command. 
In  times  of  pressure,  every  man  who  can  be  discharged  from  the  hospital  is 
aent  to  the  ^nt  This  cannot  always  be  avoided.  But  when  there  is  less 
pceasure,  the  men  should  go  from  the  rear  hospitals  to  a  depot,  and  while  there 
abonld  still  be  considered  under  medical  treatment,  so  that  they  may  not  too 
aoon  be  subjected  to  the  hardships  of  war.  They  should,  in  fact,  be  subjected 
agun  to  a  sort  of  training,  as  if  they  were  just  entering  on  the  war.  If  this 
ia  not  done,  a  number  of  sickly  or  half-cured  men  get  into  the  ranks,  who  may 
liteak  down  in  a  moment  of  emergency,  and  cause  great  difficulty  to  the 
general  in  command.  Some  officers  think  that  a  man  should  either  be  in 
liospital  or  at  his  full  duty  ;  this  seems  to  me  a  misapprehension  both  of  the 
facte  and  of  the  best  way  of  meeting  them.  To  transfer  a  man  just  cured, 
from  the  comforts  of  an  hospital  at  once  to  the  front,  is  to  nm  great  dan.i^er. 
A  dep6t,  which  should  be  a  sort  of  convalescent  hospital,  though  not  under 
that  term,  is  the  proper  place  to  thoroughly  strengthen  the  man  just  recovered 
for  the  arduous  work  before  him. 
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APPENDED  A. 


MEIBIGAL  WEIGHTS  AXD   MEASUBES. 


1  Otttimetn  =    0»       «  „      =s  <At^  ineh  neuiif  .) 

1  MilliBMtie  =    (HM     ,,  „      =  (Ath  inch  neulj.} 

N  JL— The  L«l»  pRfix  indkatca  divincn. 

TlieC^wft     do.       da      auiltiplictttioii. 

1  ESkumOn  ^  1000  bcIm  ^  lOMyuds  =  fth  mile  (imrij.) 

BiiftriiL 

1  Sqiure  Mete  =  WW     m^ttek      ^  154S  so.  inchn. 

1  Sqnue  OmtiiDetie  =    0-154  wq.  Inebes  =  A  a^-  uidi  (bcoIt.) 

1  Square  MiUimetie  =    00015        ^  =z  .^      ^        (ii«rij.) 

100  Square  Meties         =  1  are         =      119-7  square  jards. 
100Are«  =  1  hectare  =  11967*         „  „    =  247  acres. 

100  Hectares  =  1  square  kilometre  =  247  acres   =  0*3S6  sq.  xcilr. 

1  Decimetie  cubed  =  1  litre  =  1000  cubic  centimetres  =  61  cubic  inches  -  2 
ounces  =  0*22  gallon. 

1  Cubic  centimetre =0t)61  cubic  inch. 

1  Cubic  inch         =  16'4     cubic  centimetres^ 
2S*35  Cubic  centimetres  =  1*733  cubic  inches  =  1  ounce. 
l,000,00l>  cubic  centimetres  =  1000  litres  =  1  cubic  metre  =  1  steie  =  35  3  cubic  ia 

d,  WeigkL 

I  Cubic  centimetre  of  distilled  water  at  4°  C  (39* -2  F.)  weighs  1  gramme. 

1  Gramme         =  15*432  gniinsw 

1  Deoi^amme  =   1*543     „      (  =  lj  grains  nearly.) 

1  C«-niij:rainme=  0*154     „      (=  A  grains  nearly.) 

1  Millignmime  =  0tH5      „      (  =  ^  grains  nearly.) 

1  Kiliv^aniiue  =  1(XK>  grammes  =  15,432  grains  =  2*2  ftks^  <in>ir.  =  35*3  otuict 
French  /iV/v  and  German  p/und=5(M)  grammes  =1*1  lb&  - 17*6  ounces 
The  German  loth  =  16}     „        =  |  ounce  nearly. 
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APPENDIX  B. 


THERMOMETER  SCALES. 

Centigrade  E^nmur  Fahrenheit — 38 

6                "               4               "  9 

Centlgradei  R^rnnor.      Fahrmbetk 

Mercury  freezes  at -&-0  -32*0  40*0 

Zero  of  Fahrenheit -17-7  -14-2  00 

Water  freezes  at OO  0*0  32-0 

Water  at  its  maximum  deaaily  at      .        .          4*0  3*2  39*2 

Mean  temperature  of  London     .        .                 10-2  8*2  60*4 

Mean  temperature  for  specific  gravities,  &c.        15*5  124  60*0 

Mean  temperature  of  Calcutta            .        .        25*8  20*6  82*0 

Mean  temperature  of  the  human  body       .        38*5  30*0  98*4 

Alcohol  hoils  at         .                                 .        78-3  62*7  173-0 

Water  boils  at 100*0  800  212*0 

Mercury  boils  at 3600  288*0  6800 
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BAROMETER  SCALES. 


Standard  pressure  =  760  millimetres  =  29*922  inches. 

30     inches  «  762 

29*5      „  =  749 

29*       „  =  737 

28*5      „  =  724 

28*        ,.  -  711 

1  «    25*4 
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STANDARD   SOLUTIONS 

L  For  dilorine.    Silver  nittate  solatiou. 

17  ijmmmea  of  Kilvor  nitrate  in  1  liti«  of 

1  CC.  of  solution  =  0'fM>:355  gmB.^3-56  n 

„  ,,         =0-00585     „    =5-85 

„  „         =0-00745     „    =7-45 

„  „        ^000535    „    =5-35 

Skofi  factor  for  chlorine  in  gnuna  jmr  ^ 

experiment)  =0-2485»  or  the  CC/s  of 

litre,  represent  groiiiB  per  gallon  of  chl( 

2.  Hardnesa,     Soap  dolutLon.  ^| 

Dissolve  Bome  soft  Boap  (pharmacopaeu 
nxeans  of  this  baiytic  solution. 

Nitrate  of  barium,  ,  ^M 

Distilled  water,      .        .  ^ 

S'2  CC.s  (or  22  meoiurtg)  of  standard  aott 
with  50  CC.8  of  the  above  solution. 

1  measure  (  =  ^  CC.)  of  soap  BolEtion  = 
carbonate. 

(For  other  co-effioei 

Correction  for  lather  -  —  2  measures  of  m 
Short  factorB  (when  50  CCa  of  water  are 

For  degrees  of  Clark's  sea 
„      Metrical    , 

3*  Pirmanganat€  SotuHcnfor  OxiduahU  Mt 

0*395  of  potaasiuni  parmangannte  in  1  111 
100  CC\9  are  exactly  decolorised  by  100 

No.  7.) 
1  CC.  of  pejinanganate  solution  used  i 

oxygen. 
1  CC.  of  permanganate  solution  used  w 

oxygen. 
1  CC.  of  permamzanate  solution  exaell 

(NO,.)         ^ 
1   CC.  of  permanganate    solution    exac 

eulpliide  (H|S.) 
1  CU.  of  pannanganate  solution  exactly 


IFisO,^ 


^^■^ 
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Jtrnmonium  Chloride  Solution  for  Nesslerising, 

4>*315  gramme  of  ammonium  chloride  in  1  litre  of  water. 

This  is  the  strong  solution. 
TFake  100  CC.s  of  this  solution  and  dilute  to  1  litre. 
This  is  the  standard  solution. 

•1  CC.  =  0-01  milligramme  of  ammonia  (NHj)  or  0*0082  mgm.  of  nitrogen. 
In  analysing  for  nitric  acid  1  part  of  NH3  =  3-71  HNO3. 

.   Sidphwic  Acid  Solution  for  Carbonates  in  Water. 

TFake  4-9  grammes  by  weight  of  pure  HjS04  and  dilute  to  1  litre. 
1  CC.  saturates  5  milligrammes  of  calcium  carbonate. 
yy  „       6*2        „  of  sodium        ,, 

.   Alkaline  solution  for  acidities. 

^Take  liquor  sods  or  liquor  potassse  of  pharmacopoeial  strength,  and  dilute  with 

8  or  9  parts  of  distilled  water. 
Oxadoate  with  oxalic  acid  solution  (a.)    (See  No.  7.) 
1.  OC.  of  standard  alkaline  solution  =  6*3  milligrammes  of  oxalic  acid. 

(For  other  coefficients  see  page  279.) 

»   Ovoiic  Add  Solutions, 

SohUion  (a.)    Take  6*3  grammes  of  crystallised  oxalic  acid,  and  dissolve  in  one 
litre  of  water. 

10  CC.s  exactly  neutralise  10  CC.s  of  standard  alkaline  solution. 

SohUion  (h,)    Take  100  CC.s  of  solution  (a),  and  add  180  CC.s  of  distilled  water. 

Tins  makes  the  solution  for  testing  the  alkalinity  of  lime  or  baryta  water. 

1  CC.  exactly  neutralises  1     mill^ramme  of  lime  (CaO.) 

„  „  „  2*73         „  of  baryta  (BaO.) 

JSMuUon  (c.)    Take  100  CC.s  of  solution  (a),  and  add  700  CC.s  of  distilled  water. 

This  is  the  solution  for  graduating  the  permanganate. 

100  CC.s  exactly  decolorise  100  CC.s  of  permanganate  in  presence  of  sulphuric 
acid. 

I.   Copper  Solution  (FMing's)  for  Sugars. 

Take  of  pure  copper  sulphate,  34*64  grammes.  )  nv-.«i..- 

„    DiStiUedwiter,         .        .        .        .        200*  CC.  [Dissolve. 

Take  also  of  tartrate  of  sodium  and  poUuMiuiu,  173*  grammes. )  />,•  ^r,^ 
Solution  of  caustic  soda  (or  caustic  potash),    .    480*   CC.  ^-utssoi/ve. 

Mix  the  two  solutions  slowly,  and  dilute  with  distilled  water  to  one  litre. 
1  CC.  is  reduced  by  6  milligrammes  of  either  glucose  or  inverted  sugar. 
1  CC.  „  8*67        „  of  lactin  (or  milk  sugar). 

0u  Iodine  Solution  for  Hydrogen  Sulphide. 

Dissolve  6*35  Jprammes  of  iodine  in  1  litre  of  distilled  water  by  the  aid  of  a  little 
potassium  iodide. 

1  CC.  =  0*85  milligrammes  of  HjS. 

If  a  litre  of  water  be  taken  for  examination,  the  short  factor  for  cubic  inches 
per  gallon  is  0*164 

Starch  is  used  as  the  in^cator. 
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10.  SoltUion  of  Iron  for  Colorimetrie  Test. 

Dissolve  one  gramme  of  pure  iron  wire  in  nitro-hTdrochloric  acid ;  pn 
the  ferric  oxide  with  ammonia ;  wash  the  precipitate ;  diasoke  m 
hydrochloric  acid,  and  dilute  to  1  litre. 

1  CC.  =  1  milligramme  of  iron. 
This  is  the  strong  solution. 
For  use  it  is  diluted  1  to  100,  so  that 

1  CC.  =  O'Ol      milligramme  of  metallic  iron. 
1  CC.  =  0-02696  „  of  iron  phosphate. 


INDEX. 


Ablution  roomB, 
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Abyssinian  Expedition,  water  supplied 

on  board  ship, 
Aearui  domesltciu, 
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Aeanu/ariruB,                        .  222,  228,  229 

Access  pipes  to  sewers,  869 

Accessory  foods,  191 

AocUmatisation,  is  it  possible  ?  429,  441 
Aocommodation  proposed  instead  of 

acclimatisation,  442 

Aeooutrements,  weights  of,     .  578 

Acetic  acid  in  beer,  278 

Add,  hydrochloric,  effects  of,  121 

AekU,  factors  for.  179 

in  beer  and  wine,         .  .        277 

Aeland,  Dr,  on  cholera  in  St  Clement,  53 

Act,  Kivers  Pollutions,           .  866 

Admissions  into  hospital,  number  of,  618 

Adams  on  lead  poisoning,  16 
Adults,  supply  of  water  for, 
Acroecope  of  Pouchet, 
African  stations, 
Aff^ve  americanOy 
Ague  at  Tilbury  Fort, 
-  brassfounders'. 


Agues,  decline  of,  in  England, 

A&,       .  .  .  . 

albuminoid     ammonia     from 

oiganic  matter — Angus  Smith, 
Moss,  de  Chaumont, 

amount  required  for  lights, 

amount  required  for  ventilation, 

carbonic  acid  in, 

chemical  examination  of, 

composition  of, 

currents  of,  effects, 

diseases  from  living  substances 

in,       . 

diseases  produced  by  Impurities 

in,      . 

distribution  of,  in  ventilation. 

divided  currents  of,  for  purify- 
ing water, 

• estimation  of   free  and  albu- 


minoid ammonia  in, 

—  examination  of. 

—  examination  of,  by  the  senses, 

—  f^h,  good  effects  of,  in  disease, 

—  foul,  effects  of. 
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AJr,  gaseous  substances  in,     .  .  102 

— how  is  purity  of,  to  be  secured  ?  356 

impure,  from  combnstion,  effects 

of,       .  .  .124 

impurities  in,    .  .  .96 

increased  pressure  of,  .  .  440 

■ — in  holds  of  ships,         .  .  112 

in  soils,  calculation  of  quantity,  328 

in  the  Arctic  regions,  .  95 

lessened  pressure  of.     .  .  438 

limit  of  permissible  impurity  in,  1 43 

mean  movement  of,      .  .  153 

means  by  which  it  is  set  in 

motion,  .  .151 

meter,  Casella*s,  .  .  177 

microscopical  examination  of,  179 

-— — mode  of  supplying,  .  147 

movement  of,  .  .  488 

movement  of,  in  room.  .  176 

movement  of.  perceptible  rates,  149 

movements   produced   by  un- 
equal weights  of, 
-  nitric  and  nitrous  acids  in. 


—  of  cesspools, 

—  of  churchyards  and  vaults, 
-—  of  enclosed  space.*). 

—  of  marshes, 

—  of  mines, 

—  of  railway  cars, 
-  of  sewers. 


of  ships,  CO,  in, 

of  sick  rooms,   . 

of  stables,  CO,  in, 

of  towns, 

of  workshops, 

organic  matter  in, 

oxidisable  matter  in 

purification  of, 

purifiers,  action  of, 

purifiers,  ^^aseous, 

purifiers,  houid, 

purifiers,  solid, 

— - —  quantity  of,  required, 
rate  of  movement  of. 
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Bed-River  Expedition,  alcohol  not  uMd 

in,     .  . 
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'.  materials  of, 

■  for  water, 

BMistance,  coefficient  of,  in  air  shafts, 
Beapiiation,  air  of, 

air  of,  effects  of, 
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Schiibler  on  retention  of  heat  in  soils, 
Schumacher's  formula, 
ScUrostoma  duoderude, 
Scolecidse  in  water, 
Scott  on  mean  temperature,    . 
Scott's  instructions. 
Scurvy,  danger  of,  in  India,     . 


-^rass, 

-  m  war,  its  great  danger, 

■  prevention  of. 
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flushing  of, 
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Smith,  Edward,  on  diet,  K 
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Snow  on  cholera  from  drinking  wif'r.  jo 
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Soap  solution,  graduation  of,  .          .  " 
preparation  of,  .           .         .      ^ 


Soap  test,  rationale  of, 

for  hartineaa  of  water. 


Sodium  carbonate,  for  purifyinjr'^ster. 

chloride,  Wankiyu  on  addi;i.« 

of,  to  water,    . 
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chemical  examination  of, 

conformation  and  elevati«X!  ei, 

examination  of, 
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-  cultivate.!, 
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malarious, 
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Souchon  filters. 
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-volatile,  in  water. 
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Sphere,  cubic  contents  of, 
/Spirillum  in  water, 
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[  in  different  countries, 
Splenic  apoplexy  in  sheep. 
Sponge  as  a  filtering  medium, 
Spongy  iron  as  a  filter, 
iron  does  not  favour  growth  of 

fungi,  . 
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Gutted  typhus, 
Sprengel  pump,  use  of, 
Spring  water,  composition  of. 
Springs,  calculation  of  yield, 
SUbles, 

air  of,    .  . 

Tentilation  of,    . 

Standard  barium  nitrate  solution  for 

soap  test, 

nitrate  of  silver  solution, 
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solution  of  ammonium  chloride, 
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potassium, 
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carbonates. 
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St  Lucia,  .  .  .644 
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Stomach,  affections  of,  from  impure  water,    39 
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PAGE 

42 
57 


Sulphuric  acid  in  water,  determination 
of.  by  soap  ten, 
acia  by  weight. 


-  acid  solution  for  carbonates. 


Sulphurous  acid  as  air  purifier, 

acid  for  preserving  meat, 

acid  gas,  effects  of, 

acid  in  water,  effects  of. 

Sun's  rays,  effects  of  direct,     . 
Sunstroke,  rarity  of,  in  mid-ocean, 
prevention  of. 


517 
119 
183 
327 

41 

70 

80 

81 

81 

137 

221 

120 

56 

432 

433 

494 

12,  13 
25 
97 
100 
Sutherland  on  hard  water, 
Sutton's  method  of  ventilation,  .        168 

Stivem  deodorant,        .  .  394,  402 

Swansea,  sulphurous  acid  from  copper 

works,            ....  56 
Sweet  potato,    ....        288 
Sylvester  on  filtration  through  char- 
coal,     34 

Sylvester's  plan  of  ventilation,  .        153 

Syntonin,  .  .  .  .186 

Syphilis,  effects  of,  in  producing  aneu- 
rism, .....        617 
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Tlierniometer,  common, 

scales, 

relations  of, 

stand,  War  Office, 

stand,  Stevenson's, 
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India, 
Towns,  supply  of  water  to,     . 
Trades,  dust  produced  in,  and  efiecto, 

vitiation  of  air  by. 

Training, 

Transports,  amount  of  water  aDowddiB, 

for  hcsalthy  troops, 

for  sick  troops. 
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-  efficiency  of. 


Trap  rock,  water  from, 
Trautman  on  minnte  cells  in  air, 

on  putrefaction  oella,    . 

*•  Trembles,"     . 
Trees,  effect  of.  on  soil, 
evaporation  from. 


ao, 


212,' 


Triangle,  area  of, 

Trichtna  spiralis, 

Tri/olium  arvense, 

Trinidad, 

Tropical  climates,  causes  of  unheahlu^ 

ness. 
Tropics,  water  supply  in, 
Troubridge,  Sir  T.,  his  yoke  ralise. 
Trousers, 

Tubercular  diseases. 
Tubes,  vertical,  Tobin's  and  others. 
Tunic,    .... 
Turbidity  of  water, 
Turkish  or  Roman  hath. 
Turmeric,  as  reagent,   . 
I  Turner  on  butter  analysis. 
Turnips, 

Tyndall  on  l»actoria, 
on    iniluenee    of  humidity  cd 

climate, 

on  suspendeil  matters  in  air, 

T>'phoid  fever  and  chulera,  reductn 

of,  by  sewerage, 

and  gixiuiKl  water, 

fri^m  water  poisoning, 

propagated  l»y  water.  . 

or  enteric  fever,  prevention  of, 

spread  of,  from  dedcieut  water 

supply, 
Typhus,  cessation  of,  due  in    part  to 

more  abundant  water  suj>ply, 

disinfection  in,  . 

Typhus  exanthematicus^ 

in  war,  great  danger,    . 

propagate<i  through  air, 

IThle  on  effects  of  ozone  on  malaria.   . 

Underclothing,  .  .  . 

Universal  disinfecting  jwwder, 

Credo  in  whe^t, 

Urea,  elimination  of,  during  exercise. 

Urinals,  .  .  .  542,  :>' 

Utrecht,  cholera  in,       .  .  .        -^ 

Valise  equipment,  .  .  *;f 

,  Vallin  on  the  effect  of  heat  on  fnbrks,  ^    :''■ 
\N  ^^l'^'^^Va^  -^^lon  of  ventilation,   158,  171.  - ' - 
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Van  Hecke,  ventilation  plans, 
Vanne,  as  source  of  water  in  Paris, 
Vapour,  weight  of,  cubic  foot  of, 
Varagoo, 

Vauvray  on  dengue. 
Vegetable  acids,  salts  of, 

and  peat  charcoal  as  filter, 

growths  in  tanks,  &c., 

matter,  dead,  in  water, 

suspended  matter  in  water. 

Vegetables,  dried, 

dried,  as  antiscorbutics, 

-  succulent. 


PAOB 

153 
88 
452 
261 
481 
191 
86 
11 
11 
40 
276 
269,  498 
266,258 
V^tation,  effects  on  soil,      .  .        836 

Velocity  of  air  currents  in  chimneys,  166,  167 

of  work,  effect  of,         .  .        421 

Venereal  diseases,        .  .  .        620 

atGibralUr,     ...        629 

in  Jamaica,       .  .  .        640 

at  Malta,  ...        633 

at  the  Cape,      .  .  .666 

in  India,  .  .  .684 

prevention  of,  .  .  .        600 

statistics  of,      .  .  .        605 

Ventilating  traps,        .  .  .        371 

Ventilation,      ....        140 
-  area,  amount  allowed  in  barracks,  165 
-        -  162 

152 
166 
171 
183 


-  by  action  of  winds, 
by  diffusion, 

-  by  extraction,  . 

-  by  propulsion,  . 

-  experiments,  apparatus  required, 

-  improved,  good  effects  of,  in 


cavalry  stables, 

-  mechanical, 

-  natural. 


94 

148 
148,  162 


-  natural  and  artificial,  relative 

value  of,         .  .  .173 

of  Indian  barracks,      .           .  648 

of  sewers,         .           .           .  375 

openings,  size  of,         .           .  158 

practical  applications  of  theo- 
retical statements,     .           .  166 

Sylvester's  plan,           .           .  153 

system  adopted  in  the  army,  .  165 

VentUator,  M^Kinnell's,          .           .  163 

Ventilators,  Watson's,  Muir's,            .  163 

"Verdet"ofrye,        ...  250 

Vernier  scale,   ....  456 

Vibriones  in  air,           ...  97 

in  flour,            ...  228 

Vicia/aba,       ....  252 

Vierordt  on  effects  of  heat,      .           .  434 

Vienna  Congress  on  ozone  observations,  467 
Vinegar,            .           .           .           .318 

adulterations,  of,          .           .  319 

and  ammonia,  as  air  purifiers,  138 

a  preventive  of  scurvy,            .  497 

examination  of,            .           .  319 

Virchow  on  ground  water,       .           .  330 

Vitreous  glaze  (De  I^avenant's)  for  pipes,  1 5 

Voelcker  on  water  from  the  Lias,        .  24 

Vo^rs  bictoscope,       ...  262 

Volt's  experiments  on  food,     .           .  190 

Volatile  solids  in  water,          .           .  75 

Volga,  effects  of  water  of  the,             .  40 
Volumetric  analysis,  standard  solutions 

for,  «           .           .           .           .  709 

Walcheren,  dysentery  at,        .  .43 

Waldie,  Mr  D.,  on  filtration  of  Hooghly 

water,            ....  33 


Walking,  work  done  in,      *    • 
Wall  or  ghot- wall. 
Walls  of  oarracks, 

passage  of  air  through,  Petten- 

kofer's  experiments. 
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420 
253 
547 


154 
47 
75 


Walz  on  enteric  fever  from  water, 
Wanklyn,  miniature  gallon,    . 

on  adding  sodium  chloride  to 

water,  .... 
on  composition  of  milk,  269,  260 


-  on  tests  for  metals  in  water. 


Wanklyn's  simple  form  of  steam  bath, 

method  for  organic  matter  in 

water,  .  • 


War, 


-  amount  of  hospital  accommoda- 

tion during,    . 

-  causes  of  sidkness  and  mortality 

in 

-  cleanliness  in,   . 

-  cooking  of  food  in, 
-entiyon, 

-  equi|>ment, 

-  food  in,  ... 

-  hospitids, 

-  samtary  duties  connected  with, 

-  inspection  of  meat  during, 

-  marches  during, 

-  preparation  for, 

-  sanitary  regulations  for, 

-  sickness  during, 

-  statistics  in,      . 
Office  experiments  on  water,   . 


Warm  water  pipes. 

Warmth,  degree  of,  for  houses, 


-  reouired  in  disease, 

-  different  kinds  o^ 


Warming  of  houses, 

Warning  pipe,  for  constant  water  supply. 

Waste  preventers,  water. 

Water,  .  .  .  •  • 

action  on  lead,         .    . 

albuminoid  ammonia  in, 

amount  allowed  in  transports, 

amount  for  domestic  purposes, 


-  amount  for  water-closets, 

-  amount  required  for  adults,     . 

-  amount  for  women, 

-  amount  for  children,    . 

-  amount  for  animals,     • 

-  amount  for  baths, 

-  amount  required  for  the  sick,  . 

-  amount  supphed  to  soldiers,   . 

-  amount  usea  by  poor  families, 

-  amount  used  in  model  lodging- 

houses, 

-  amount  used  in  prisons, 

-  analysis,  form  of  report, 

-  animal  matters  in, 

-  army  regulations  on  the  sub- 

ject of  ...  1 

-  bacteria,  vibriones,  or  microzymes 

in,       .  .  .  .63 

-  brackish,  effects  of,      .  .         42 

-  chemical  examination  of  dissolved 

solids,  ...         69 

-  chief  ingredients  of  impure,     .  38 

-  chlorine  in,  determination,      .  76 

-  ckssification  of,  .  .    21,  22 

-  collection  of,     .  .  .  7 

-  collection  of,  for  examination,  60 

-  collection  of  sediment,  .         C2 
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Water,  suspicions, 

taste  doe  to  gases, 

total  amount  required  per  head, 

troughs, 

turbidity  of, 

usable, 

vegetable  matters  in, 

volatile  solids  in, 

War-Office  experiments  on, 

waste  preventers. 

Water-boatman,  or  skipjack  in  water, 

bottle,  soldiers , 

carts  and  water-sacks, 

cisterns  and  reservoii-s, 

courses,  measurement  of  flow, 

closets  and  water-troughs 

closets,  water  required  for, 

fleas  in  water, 

gnat,  larvae  of,  in, 

latrines,  water  for, 


-  pipes, 


Waterproof  clothing, 

— ■ courses. 

Waterproofing  of  boots, 

of  cloth. 

Water  supply  for  hospitals, 

for  the  sick, 

in  India, 

permanence  of, 

in  transports. 

Water-tanks  in  India,  impurities  of. 

Watery  vapour  in  air. 

Watson  on  air  of  phtnisical  wards, 

on  suspended  matter  in  air. 

Weather,  Beaufort  notation  for  regis- 
tering, 

in  connection  with  disease, 

Weber,  Brothers,  their  calculations  on 
length  of  step, 

Webb,  H.,  on  overcrowding  in  Indian 
barracks,       .... 

Weber,  Hermann,  on  Alpine  climates, 

Weber  on  sulphuretted  hydrogen, 

Weedon,  water  from, 

Weevil  in  flour^ 

Weight  of  cubic  foot  of  air, 

of  the  air. 

Weights  and  measures,  metrical, 

of  articles  of  dress  and  of  accou- 
trements, 

modes  of  carrying. 

Weirs,  used  for  measuring  water 
supply, 

Well-water,  objects  in,  plate  I., 

composition  of, 

Wells,  Artesian, 

calculation  of  yield  of. 
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■  effect  of  tide  on, 

-  near  the  sea,  water  from, 

-  Norton's  American  tube, 

■  protection  of. 


West  Coast  of  Africa, 

West  Indian  stations,  effects  of  impure 

water  in, 
West  Indies,     . 
Wet  and  dry  bulb  thermometers  on, 


468 
468 

594 

545 
439 
41 
24 
229 
455 
461 
707 

578 
58-1 

9 
66 
19 

7 

9 

831 

26 

7 

12 
651 

42 
634 
451 


Wheat, 


-  grain,  structura  of, 

envelopes  of,     . 

starch,  grains  of, 

flour,  adulteration  of, 
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221 

225 

225,226,  227 

227 


grains,  examination  of, 

Wheel  animalcules  in  water, 
Whitwell  on  hill  diarrhoea  of  India, 
Wildenstein's    method   for  sulphuric 

acid  in  water, 
Wilson,  DrG.,  on  amount  of  water  used 
in  Portsmouth  prison, 

on  air  in  prisons, 

on  prison  diet. 


Wind,  direction  of, 

force  of,  calculation, 

velocity  of. 


Winds,  summary  of  direction. 
Windward  and  Leeward  Islands, 
Wine,  acids  in,     .        . 
— —  adulterations  of, 

colouring  matters  in, 

composition  of, 

dietetic  value  of, 

ethers  in, 

examination  of, 

Witt's  experiments  on  filtration, 
Wolseley,  Sir  Garnet,  on  alcohol, 

on  wooden  huts. 

Women,  supply  of  water  for. 
Wood  on  thermic  fever, 

products  of  combustion  of. 

Wool,    . 

Woollen  underclothing. 

Worms  in  water, 

Work  done,  calculation  of,    . 

Work  of  the  soldier, 

Yam,     .... 
Yaws,    .... 
Yeast,  examination  of. 
Yellow  fever,  a  faecal  disease, 

communicability  of, 

fumigation  as  a  preventive. 


at  Gibraltar, 

at  Malta, 

in  Barbadoes, 

in  Bermuda, 

in  Jamaica, 

incubative  period  of,    . 

localisation  of, 

on  the  West  Coast  of  Africa, 

prevention  of, 

quarantine  in, 

water,  propagating,     . 

remittent,   different  from  true 

yellow-fever, 
Yerrauda,  cholera  at, 

Zinc  cisterns,    . 

chloride, 

pipes  containing  lead  jrield  it  to 

water, 

poisoning,  through  water, 

tests  from  water. 
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Zoogloca  in  water. 
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Water,  impnre,  propisfatin^  r^oUnTT^^H 
impure,    propagating    tTpliawl    ^H 

^^^^H            contamination   of,    by  cholera 

^^^^H                          and  t)7jbnid  diKcliarge^, 
^^^^^H           — — -  ooutaminatioi)  of,  through  pipes, 

^^^^H           dissolved  animal  orpanic  matter 

iiT  ChiiiJi,  purification  oC       ^^^^H 

^^^^^H           dia»olved  vf^eUbJe  matter  in, 

lustre  of,            .             .                 ^H 

spring!!,                                           ^H 

distribiitioij  of, 

' — - —  diHtribntinii  to  every  lloor  of  hoi 

t'lusions, 

Ui.-.                -^.^-.,   :,„.^,,  .Ufa-    ^H 

sona,  in,          .              .             .     ^^H 

luineml  partidet  in,                  »    ^H 

• mineral  substanoea  tn,              ,    ^H 

natnre  of  stiapeuded  matter  in,    ^H 

*           «    ^^1 

in  Chiiift, 
siiliattLtice.*  in, 

exam inat ion  of  dissolved  matters 

1                           examinAtion  of,    for  hygienic 

'                                        .                RllhmtiriTi 

^^^^1 

fittingis.  Board  of  Trade  minute  o 

tlxed  solids  in,  . 

pU>»icaI  chiiiaiit^iii  of,              ~        'ifl 

precautions  in  estilnati^^g  ^a-          J 

solved  solids,                            .    ^^i 

free  ammonia  m, 

'  proauctng  cnoieni  in  UouAail,     ^^H 

T>ro]>iii:;itTn2  maljinoiu  f«««r^^^^H 

— ■                     entotofl,    .       H^^H 

— 1                 .  specific  dimmml^^^^M 

gaaes  in, 

— usable, 

-    -      p4M|uiL:.tim^  Jjtiliuw  lCTcr»      ^^^^^^^M 

—  purification  of,                       ^H^^^| 

qualitative   chemical  exotnl&t-  ^^H 

^ quality  of,                                 ^^^^H 

quantity  neceaaary  for  iinalTiC^^^| 

hard,  effects  on  horsca, 

Leech  on,          .             .            , 

— - —  Hutherlmid  on, 

burdne^ss  of^  determination,     . 

hardneHS  of,  sufficient  to  affect 

some  persons, 

search  after,      ,             ,             ,         11 

•edirornt    of,    inanimAte   iaIk         J 

Ounces  in,       .             .             .         m 

tion  of,                                            jl 

smell  and  toate  of,                           ^M 

-soli-iaiD,                                           ■§ 

specially     contain  inafeil,     iji-     ^^ 

amination  of,                             .         fl| 
stornfe  of,         ,                              jj 

low  finer  i.'ji idem Jo, 

impure,  causinfir  dinrrhopa, 

impure,  eansiDg  diseases  of  the 

bones. 

impure,  causing  dyspepsia, 

impure,  causing  er>*J!ipelas  and 

thrtMit  ulcer,  diphtheria, 

supply  of.  to  towns,       »                 ^9 

gnapended  animal   subftsDOM,         J 

eneeta  of,        .                              ^M 

— -  —  sti^jTended     faecal     matter   in,    ^H 

effects  of,                                 .    ^H 

impure,  effect?  of,  on  pulmonary 

and    urinary    mucous    mem- 
branes, 

impure,  effects  of,  Sfmon  on,   * 

' impure,  effects  on  alimentiiry 

mucons  membrane,     . 

tion  of,          .            .            ,    ^^M 

impure,  producing  goitre, 

in,  effbctb  of,  .          .   ^^B^^H 
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Water,  suspicions, 

taste  due  to  gases, 

total  amount  required  per  beadj 

troughs, 

turbidity  of, 

unable, 

vefretable  matters  in, 

volatile  solids  in, 

War-Office  experiments  on, 

vfBsie  preventers. 

Water-boatman,  or  skipjack  in  water, 

bottle,  soldiers , 

carts  and  water- sacks, 

cisterns  and  reser\'oii-8, 

courses,  measurement  of  flow, 

closets  and  water-troughs 

closets,  water  required  for, 

fleas  in  water, 

gnat,  larva  of,  in, 

latrines,  water  for, 

pipes,    .      t     . 

Waterproof  clothing, 

courses, 

Waterproofing  of  boots, 

of  cloth,     . 

Water  supply  for  hospitals, 

for  the  sick, 

in  India, 

permanence  of, 

m  transports. 

Water-tanks  in  India,  impurities  of. 

Watery  vapour  in  air. 

Watson  on  air  of  phtnisical  wards, 

on  suspended  matter  in  air. 

Weather,  Beaufort  notation  for  regis- 
tering, 

in  connection  with  disease, 

Weber,  Brothers,  their  calculations  on 

length  of  step, 
Webb,  H.,  on  overcrowding  in  Indian 

barracks, 
Weber,  Hermann,  on  Alpine  climates, 
Weber  on  sulphuretted  hydrogen, 
Weedon,  water  from, 
Weevil  in  flour. 
Weight  of  cubic  foot  of  air, 

of  the  air. 

Weights  and  measures,  metrical, 

of  articles  of  dress  and  of  accou 

trements, 

modes  of  carrying. 

Weirs,    used    for    measuring    water 

supply, 
Well-water,  objects  in,  plate  I., 

composition  of. 

Wells,  Artesian, 

calculation  of  yield  of, 

eflFect  of  tide  on, 

near  the  sea,  water  from, 

Norton's  American  tube, 

— protection  of. 

West  Coast  of  Africa, 

West  Indian  stations,  effects  of  impure 

water  in. 
West  Indies,      . 
Wet  and  dry  bulb  thermometers  on, 
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Wheat, 


-  grain,  structure  of, 

envelopes  of,     .  .     225, 

starch,  trains  of, 

flour,  adulteration  of, 

grains,  examination  of, 

Wheel  animalcules  in  water, 
Whitwell  on  hill  diarrhoea  of  India, 
Wildenstein's    method   for  sulphuric 

acid  in  water, 
Wilson,  DrG.,  on  amount  of  water  used 
in  Portsmouth  prison, 

on  air  in  prisons, 

on  prison  diet, 
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Wind,  direction  of, 

force  of,  calculation, 

velocity  of. 


Winds,  summary  of  direction, 
Windward  and  Leeward  Islands, 
Wine,  acids  in,     .        . 

adulterations  of, 

colouring  matters  in, 

composition  of, 

dietetic  value  of, 

ethers  in, 

examination  of, 

Witt's  experiments  on  filtration, 
Wolseley,  Sir  Garnet,  on  alcohol, 
on  wooden  huts. 


Women,  supply  of  water  for. 
Wood  on  thermic  fever, 

products  of  combustion  of. 

Wool,    . 

Woollen  underclothing. 

Worms  in  water. 

Work  done,  calculation  of,    . 

Work  of  the  soldier, 

Yam,     .... 
Yaws,    .... 
Yeast,  examination  of, 
Yellow  fever,  a  faecal  disease, 

communicability  of, 

fumigation  as  a  preventive, 

at  Gibraltar,     . 

at  Malto, 

in  Barb^oes, 

in  Bermuda, 

in  Jamaica, 

incubative  period  of,    . 


—  localisation  of, 

—  on  the  West  Coast  of  Africa, 
prevention  of. 
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quarantine  in, 

water,  propagating, 

remittent,   different  from  true 

yellow-fever,  .  .  .        478 

Yerrauda,  cholera  at,  .  .  52 

Zinc  cisterns,    .  .  .  .11 

chloride,  .  .  .         400 

pipes  containing  lead  yield  it  to 

water,  ...  16 
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